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PREFACE
Owing to the success of the 7th International Istanbul Textile Conference which was held in 2016
in Istanbul for the textile and apparel industry, we want to take this opportunity to discuss and
share the new development in technical textiles and apparel industry by inviting you again to the
city where East meets West, to a place steeped in culture and history. Istanbul is proved to play
host on this auspicious occasion to the 8th International Istanbul Textile Conference on Evolution
of Technical Textile (ETT2018) with a theme of “Recent Advances in Innovation and Enterprise in
Technical Textiles and Clothing”.
It is clear that the role being played by textile in the applied materials science is considerable and
that there is still ample scope for further development. For this conference, the focus is on looking
beyond the gadgets and the broad spectrum of papers demonstrates when, where and how
technical textiles are selected for their true value and applications. The conference will provide
a unique opportunity to meet leading personalities with research, management and technology
experience from all over the world and to discuss with them any ideas and proposals in your
particular field. The ETT2018 is intended to intensify and promote cooperation.
As usual the papers cover a wide spectrum of issues, all of which are pertinent to the successful
use and application of technical textile. The papers represent current research on technical textile
issues and within the nine conference themes, contributions cover:
• Medical Textiles
• Technical Textiles
• Smart and Interactive Textiles
• Surface Coatings
• Advances in Apparel Design
• Ecological Textiles
• Composites Materials
• Textile Innovations
• Computer Technology for Textiles and Apparel
A selection of papers – those agreed by a panel of reviewers and the editors, will be published in
a special conference edition of the Journal of Marmara University Institute of Pure and Applied
Sciences.
I wish you a most interesting conference.

Prof.Dr.Mehmet AKALIN
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Organization Committee
Prof. Mehmet AKALIN (Chair, University of Marmara)
Prof. İsmail USTA
Dr. Erkan ISGOREN
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SCIENTIFIC PROGRAM

Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

SATURDAY – 14 APRIL 2018
KARADENİZ HALL
08:00 – 09:00 Registration
09:00 – 09:30 Conference Opening Ceremony – With Welcome Speeches

PLENARY SESSION
KARADENİZ HALL

09:30 – 11:00
Chair Person: Prof.Dr. Mehmet Akalın Marmara University, Turkey
ETT-K1

Prof.Dr. Thomas Gries

RWTH Aachen University, Germany

ETT-K2

Prof.Dr. Yusuf Menceloğlu

Sabancı University, Turkey

ETT-K3

Prof.Dr. Yusuf Ulcay

Uludağ University, Turkey

ETT-K4

Prof.Dr. Tanveer Hussain

National Textile University, Pakistan

ETT-K5

Prof.Dr. Tahir Shah

National Textile University, Pakistan

11:00 – 11:15 COFFEE BREAK

PARALLEL SESSIONS
KARADENİZ HALL

11:15 – 12:30 (Advances Design)
Chair Person: Prof. Dr. Dariush Semnani; Isfahan University of Technology, Iran
ETT0034

Bending Behavior of Nanoprepreg 3D
Carbon/Epoxy MWCNT Composites

Kadir Bilisik; Department of Textiles, Erciyes
University, Kayseri, Turkey

ETT0104

Development of recycled acrylic fibers - A
technical and economic approach

Sascha Schriever; Institute for Textile
Technology of RWTH Aachen University,
Aachen, Germany

ETT0187

Characterization of nylon based nanofiber
membranes

Meltem Yanilmaz; Textile Engineering,
Istanbul Technical University, İstanbul, Turkey

ETT0020

The Dervish Sound Dress; a garment using
wearable technology with sound vibrations

Hedy Hurban; Department of Art and
Humanities, Plymouth University, Plymouth,
U.K

ETT0048

Carbon fibre precursor production with
NaSCN(aq.) as a sustainable solvent

Stefan Peterek; Institute for Textile
Technology of RWTH Aachen University,
Aachen, Germany
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Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

SATURDAY – 14 APRIL 2018
MARMARA HALL

11:15 – 12:30 (Smart and Interactives)

Chair Person: Dr. Adnan Ahmed Mazari; Technical University of Liberec, Czech Republic
ETT0056

An Investigation of the Activation of Multi
Colour Changing Photochromic Textiles

Dilusha Chathura De Zoysa Rajapakse;
School of Arts and Design, Nottingham Trent
University, UK

ETT0057

Schizophonic Machine: wearable schizointerface, an exercise of possible listenings

Maria Lucilia Borges; Journalism Department,
Universidade Federal de Ouro Preto, Campus
Mariana, Brazil

ETT0069

Potential Use of 3D Printing Technology for
Conductive Thread Assembly on Textiles

Nese Topcuoglu; Istanbul Technical University

ETT0072

Smart Water Vapour Permeability of
Cellulose Nanowhisker Reinforced Thermomoisture Responsive Polyurethane
Nanocomposite Films

̇ Departmant of
Nazife Korkmaz Memiş;
Textile Engineering,Süleyman Demirel
University, Isparta, Turkey

ETT0099

Microencapsulation Of The Thermochromic
Müyesser Selda Tözüm; Department of Textile
System Prepared With Phenolphthalein Color Engineering, Usak University, Usak, Turkey
Developer

BÜYÜKADA HALL

11:15 – 12:30 (Reinforcement Fibres)

Chair Person: Dr. Navneet Soin; The University of Bolton, the U.K.
ETT0075

Analysis of the stabilization process during
carbon fiber manufacturing

Musa Akdere; Institute for Textile Technology
of RWTH Aachen University, Aachen, Germany

ETT0134

Polyethylene based Carbon Fibers: Future
Prospects and Challenges

Tim Alexander Röding; Institut für
Textiltechnik (ITA) der RWTH Aachen
University, RWTH Aachen University, Aachen,
Germany

ETT0169

Effect of PVP addition on PVA/Boron Carbide
Nanofibers by Electrostatic Spinning for
Interactive Wound Dressing Application

Mehmet Fahri Sarac; Department of
Mechanical Engineering, Suleyman Demirel
University, Isparta, Turkey.

ETT0221

Investigation on the doping possibilities of
microcapsules in solution spinning

Ismail Ivedi,; Department of Textile
Engineering, Dokuz Eylül University, Izmir,
Turkey

ETT0178

Effect of selected fire retardant additives on
the flammability of epoxy resin for aircraft
composites

Fadime Karaer; Anadolu University, Faculty of
Engineering, Eskişehir, Turkey

12:30 – 14:00 LUNCH – INTEREXPO HALL
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Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

SATURDAY – 14 APRIL 2018
PARALLEL SESSIONS
14:00 – 15:15 (Surface Coating)

KARADENİZ HALL

Chair Person: Dr. Amit Rawal; Indian Institute of Technology, Delhi (IITD), India
ETT0051

Effect of different coating conditions on
sound insulation property of magnetite
containing nonwoven materials

Ilhan Ozen; Department of Textile
Engineering, Erciyes University, Kayseri,
Turkey

ETT0070

Plasma Grafting of Reactive Β-Cyclodextrin
onto the Cotton Fabric

Malihe Nazi; Department of Textile and
Leather, Standard Research Institute, Karaj,
Iran

ETT0115

Application Of The Microcapsules With
Reactive Shell To Modified Cotton Fabrics

Sennur Alay Aksoy; Textile Engineering,
Suleyman Demirel University, Isparta, Turkey

ETT0172

Investigation of the opportunity to use of
silicone-based chemicals to be developed
elasticity of the woven fabrics

Fatoş Ceren Akınc; Matesa Textile R&D
Center, Kahramanmaraş, Turkey

ETT0231

Leather: Could it be an alternative liner for
the prosthetic leg users?

Arife Candas Adıgüzel Zengin; Ege University,
Engineering Faculty, Leather Engineering
Department, İzmir, Turkey

15:15– 15:30 COFFEE BREAK
15:30 – 16:45 (Ecological Textiles)
Chair Person: Sascha Schriever; RWTH Aachen University, Germany
ETT0242

Nonwoven Based Innovative Self Sufficient
Tent

ETT0017

Cost efficient production of high performance Franz Pursche; Institut für Texiltechnik (ITA)
carbon fibers
der RWTH Aachen University, Germany

ETT0028

Utilizing an Alternative Paradigm for the
Development of Bacterial Cellulose in the
Textile and Apparel Industry

Luis Quijano; Department of Family and
Consumer Sciences, Liberty University,
Lynchburg, United States of America

ETT0039

Improved Biobased Fibres For Clothing
Applications

Maria Pilar Diego; Yünsa Worsted &Woolen
Production And Trading Co.,Tekirdag, Turkey

ETT0050

Greenhouse trials of agrotextile nonwoven
structures possessing controlled water and
fertilizer release properties

Gamze Okyay; Department of Textile
Engineering, Erciyes University, Kayseri,
Turkey
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Umut Burak Dalbudak; HASSAN Tekstil San ve
Tic. A.S., Esenyurt, Istanbul, Turkey

Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

SATURDAY – 14 APRIL 2018
14:00 – 15:15 (Surface Coating)

MARMARA HALL

Chair Person: Prof.Dr. Erhan Öner; Marmara University, Turkey
ETT0032

Mechanical and Impact Properties of
Packaging-Waste/E-Glass/Epoxy Sandwich
Composites for Construction Applications

Gaye Yolacan Kaya; Department of Textile
Engineering, Kahramanmaras Sutcu Imam
University, Kahramanmaras, Turkey

ETT0009

Bi-stretch woven fabrics with auxetic
behavior

Adeel Zulifqar; Institute of Textile and
Clothing, Hong Kong Polytechnic University,
Hong Kong

ETT0049

Combining Laser- and Textile-Technology for
Just-in-Time production of Composites

Sebastian Oppitz; Composite Division, Institut
für Textiltechnik of RWTH Aachen University

ETT0117

The Smart Fabric Inspection Machines

Serkan Boz; Emel Akın Vocational High School,
Ege Üniversitesi, Izmir, Turkey

ETT0095

Effect of shear thickening fluids on
mechanical properties of glass and carbon
preforms for textile composites

Erdem Selver; Textile Engineering,
Kahramanmaras Sutcu Imam Uni. Turkey

15:15– 15:30 COFFEE BREAK
15:30 – 16:45 (Computer Technology for Textiles and Apparel)
Chair Person: Prof. Dr. Engr. Md. Humaun Kabir; IBAIS University, Bangladesh
ETT0013

Improving Pattern Design for Women’s
Upper Body Clothing

Tanya Louise Dove; Institute of Textiles and
Clothing, Hong Kong Polytechnic University,
Hong Kong

ETT0014

The investigation of clothing fit using 3D
virtual prototyping

Kristina Ancutiene; Department of production
engineering, Kaunas university of technology,
Kaunas, Lithuania

ETT0066

Comparison of the Workplace through the
String Diagram Method and Simulation
Program in the Manufacturing of Apparel

Mehmet Küçük; Ege University, Engineering
Faculty, Textile Engineering Department, Izmir,
Turkey

ETT0078

The Readiness of the Textiles and Apparel
industry of Bangladesh-Vision 2021

S M Farhana Iqbal; Department Yarn
Engineering, Bangladesh University of Textiles,
Dhaka, Bangladesh

ETT0148

The Effect Of Interlining On Properties
Used In Fabric Modelling For 3d Virtual
Garment Simulation And Compare Different
Measurement Systems

Selma Dolanbay Doğan; Department of
Textile Design, Selçuk University, Konya,
Turkey
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Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

SATURDAY – 14 APRIL 2018
14:00 – 15:15 (Nanotechnology)

BÜYÜKADA HALL

Chair Person: Prof.Dr. Kadir Bilişik; Erciyes University, Turkey
ETT0021

Microwave energy-based fabrication of
hierarchically structured carbon nanotube/
fibrous material composites

Selcuk Poyraz; Textile Engineering, Namik
Kemal University, Tekirdag, Turkey

ETT0038

PAN/AgNO3 Electrospun Nanofibers
with Improved Conductivity for Sensor
Applications

Sebnem Duzyer; Textile Engineering
Department, Uludag University, Bursa, Turkey

ETT0195

Characterization of electrospun nanofibers
coated spunbond nonwoven media

Fulya Yılmaz; Department of Textile
Engineering, Usak University, Turkey

ETT0094

Development of a durable anti-microbial
silica based nanoparticles treatment for
textile for the healthcare industry

Nadia Sid; Functional resin and coating, TWI
Ltd, Cambridge, United Kingdom

ETT0102

Electrospun Polyvinylidene Fluoride (PVDF)
Nanofibers

Derman Vatansever Bayramol; Department
of Textile Engineering, Namık Kemal
University, Tekirdağ, Turkey

15:15– 15:30 COFFEE BREAK
15:30 – 16:45 (Technical Textiles)
Chair Person: Dr.Ramazan Erdem ; Akdeniz University, Turkey
ETT0133 Investigation Of Antibacterial Properties Of
Polyurethane-Chlorhex Nanofibers Obtained
By Electrospinning Method

Erdem Tezcan; Istanbul Gedik University,
Faculty of Health Sciences, Department of
Nutrition and Dietetics, İstanbul, Turkey

ETT0036 Investigation of Sound Insulation Parameters Süreyya Kocatepe; Department of Textile
of Nonwoven Surfaces Obtained From
Engineering, Erciyes University, Kayseri,
Chicken Feather Fibers Using Low Melt Fibers Turkey
ETT0058 Thermophysiological comfort properties of
car seat materials

Funda Buyuk Mazari; Department of
Clothing, Technical University of Liberec,
Czech Republic

ETT0158 Eco-friendly cotton fabric finishes using
natural dyes

Sondes Gargoubi; Laboratory of Textile
Engineering - LGTex, University of Monastir,
Monastir, Tunisia
Ayşe Şevkan Macit;̇ Textile Engineering
Department, Uşak University, Uşak, Turkey

ETT0193 Investigation of Water Permeability of
Ultrasonic Seaming on PU Coated Fabrics

17:00 – 18:00 POSTER PRESENTATION SESSION
(First Part: 35 Posters; see details at the poster list)

* The poster presentation certificate will be given during the poster session.
* Poster Session Chairs: Dr. Mustafa Sabri Özen; Dr. Erhan Sancak; Dr. Muhammet Uzun
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Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

SUNDAY – 15 APRIL 2018
09:00 – 10:00 Registration

PLENARY SESSION
KARADENİZ HALL

09:00 – 11:00
Chair Person: Prof. Dr. Tanveer Hussain; National Textile University, Pakistan
ETT-Invited-1

Dr. Amit Rawal

Indian Institute of Technology, Delhi (IITD),
India

ETT-Invited-2

Prof. Dr. Dariush Semnani

Isfahan University of Technology, Iran

ETT-Invited-3

Prof. Dr. Gordana Colovic

The College of Textile, Serbia

ETT-Invited-4

Dr. Navneet Soin

The University of Bolton, U.K

11:00 – 11:15 COFFEE BREAK

PARALLEL SESSIONS
KARADENİZ HALL

11:15 – 12:30 (Medical Textiles)
Chair Person: Prof. Dr. Serdar Salman; National Defense University, Turkey
ETT0085 Investigation of the Permeability Properties
of Commercially Available Reusable and
Disposable Surgical Gowns

Hatice Kübra Kaynak; Textile Engineering
Department, Gaziantep University, Turkey

ETT0086 Process Development For Controlling Of The Koray Pektaş; Textile Engineering
Viscosity Increase Of The Ozonated Oils Used Department, Kahramanmaras Sutcu Imam
Medical Textiles
University, Turkey
ETT0105 Investigation barrier properties of Linear
Low Density Polyethylene (LLDPE) spunbond
fabrics

Esin Sarioglu; Textile Engineering Engineering
Faculty,Gaziantep University, Turkey

ETT0121 Examination of a plant extract for smart
wound dressings

Ayben Pakolpakcil; Textile Engineering
Department, Uludag University, Bursa, Turkey

ETT0155 The Investigation of Antimicrobial Properties
of Ag–Alginate Coated Polyester/Viskose
Nonwoven Fabric

Kübra Yıldız; Department of Fashion Design,
Sebinkarahisar School of Applied Science,
Giresun University, Turkey
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Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

SUNDAY – 15 APRIL 2018
MARMARA HALL
11:15 – 12:30 (Smart and Interactives)
Chair Person: Tanya Louise Dove; Hong Kong Polytechnic University, Hong Kong
̇
ETT0100 Polymerization and characterization of
Sena Demirbağ;
Department of Textile
N-vinylcaprolactam based thermoresponsive Engineering, Usak University, Usak, Turkey
polymers for textile applications
ETT0118 Conductive Cotton Yarn For Wearable
Electronics

Demet Yılmaz; Department of Textile
Engineering, Suleyman Demirel University

ETT0122 Pressure Sensing Behavoir of PEDOT:PSS
Coated Polyester Fabrics

Ayşe Didem Erol; Textile Engineering,
Kahramanmaras Sutcu Imam University,
Turkey

ETT0123 Smart Costume Design With Wearable
Electronics

Merve Balkış; Fashion Design Department,
Gazi University, Ankara, Turkey

ETT0136 Temperature Sensing Behavior of PEDOT: PSS Hidayet Köse; Textile Engineering,
Coated Smart Textiles
Kahramanmaras Sutcu Imam University,
Turkey

BÜYÜKADA HALL
11:15 – 12:30 (Nanotechnology)
Chair Person: Prof. Dr. Gordana Colovic: The College of Textile, Serbia
ETT0152 Preparation and Cotton Fabric Applications
of Chitosan-Silver Nanocomposite

Merve Türemen; Department of Textile
Engineering,Ege University, Turkey

ETT0173 PVP/Gelatin/Lavander Essential Oil
Based Nanofiber Production With Green
Electrospinning Approach

Hülya Kesici Güler; Department of Textile
Engineering, Süleyman Demirel University,
Isparta, Turkey

ETT0015 Investigation on the effect of garment fit on
thermal transfer performace of clothing by
combining non-contact measuring tools

Sertaç Güney; Department of Textile
Engineering, Süleyman Demirel University,
Isparta, Turkey

ETT0062 Electrospinning of Composite Fibers with
Limunescence Properties

Ramazan Erdem; Textile Technologies,
Akdeniz University, Antalya, Turkey

ETT0202 Syethesis of PVC/ Zn(NO3)2 nanofibers for
Yakup Aykut; Uludağ University, Bursa, Turkey
the production of PVC/ZnO hybrid nanofibers

12:30 – 14:00 LUNCH - INTEREXPO HALL
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Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

SUNDAY – 15 APRIL 2018
KARADENİZ HALL
14:00 – 15:15 (Advances Design)
Chair Person: Dr. İlhan Ozen; Erciyes University, Turkey
ETT0045 Improving Liquid Transfer Performance of
Cotton Woven Fabrics Woven with Different
Constructional Parameters

Büşra Özkan; Uludag University, Textile
Engineering Department, Bursa, Turkey

ETT0068 Cultural Sustainability In Textile: Checked
Fabric Of Malatya

̇ Bilgi
̇ ç;
̇ Yeşilyurt Vocational School, Inönü
Hilal
University, Malatya, Turkey

ETT0088 Properties of Weft Knitted Fabrics Made from Abd Elmonem Faheem Fouda; Textile
Dual Core-Spun Yarns
Engineering Department, Faculty of
Engineering, Mansoura University, Mansoura,
Egypt
ETT0089 Effect of Lateral Fabric Resistance on The
Axial Compressive Force of The Industrial
Sewing Needle

Ibrahim El Hawarry; Alexandria University,
Faculty of Engineering, Textile Engineer, Egypt

ETT0114 A Study About The Effect Of Dual-Core And
Core Materials On Yarn And Some Fabric
Properties

Sevim Hümeyra Çelikkan; Department
of Textile Engineering, Süleyman Demirel
University, Turkey

15:15– 15:30 COFFEE BREAK
15:30 – 16:45 (Ecological Textiles)
Chair Person: Musa Akdere; RWTH Aachen University, Aachen, Germany
ETT0083 Multidirectional Investigation Of Organic
Cotton Fabrics Dyed With Gall Oak

Emine Torgan Güzel; Gazi University, Institute
of Fine Arts, Ankara, Turkey

ETT0092 Dyeing of Silk Fabric with Natural Dye
Extracted from Leaves and Stem Bark of
Dalbergia sisso

Muhammad Tahir Hussain; Department of
Applied Sciences, National Textile University,
Faisalabad, Pakistan

ETT0012 Optimization of ring spinning process
parameters of cotton yarn

Mohammad Ali Zeeshan; Baluchistan
University, Quetta

ETT0157 Textile-Based Wearable Pedometer

Asli Atalay; Department of Textile
Engineering, Marmara University,Istanbul,
Turkey

ETT0082 Reproduction Of The Ottoman Palace Fabrics
Using Natural Dyes

Recep Karadağ; Marmara University, Faculty
of Fine Arts, Textile Department, Natural Dyes
Laboratory
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Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

SUNDAY – 15 APRIL 2018
MARMARA HALL
14:00 – 15:15 (Composite Materials)
Chair Person: Stefan Peterek; RWTH Aachen University, Aachen, Germany
ETT0124 Design of an Alternative Heat Insulation Wall Ayse Özkal; Department of Textile
Fabric With Hot Melt Adhesives in Different
Engineering, Pamukkale University, Denizli,
Forms
Turkey
ETT0128 Utilizing Recycled High Density Polyethylene Ipek Yalçın Eniş; Department of Textile
Caps of Polyethylene Terephthalate Bottles in Engineering, Istanbul Technical University,
Composite Plates
Istanbul, Turkey
ETT0168 How Mathematical Models Can Improve
Process Chain Designing

Florian Brillowski; Institute for Textile
Technology of RWTH Aachen University,
Aachen, Germany

ETT0174 Selection method for grippers for handling of Hans Christian Frueh; Institut für
reinforcing textiles in automated composite Textiltechnik, RWTH Aachen University,
process chains
Aachen, Deutschland
ETT0207 Investigation on SO₂ Adsorption Capacity
of Graphene Oxide Fibers with Activated
Carbon Particles and Metal Salt

Pelin Altay; Istanbul Technical University,
Textile Engineering Department, Istanbul,
Turkey

15:15– 15:30 COFFEE BREAK
15:30 – 16:45 (Computer Technology for Textiles and Apparel)
Chair Person: Dr. Gülden Turhan; Marmara University
ETT0041 An Automatic Mechatronic System Design for Ozgur Turay Kaymakci; Yildiz Technical
Powder Dyestuff Systems in Textile Industry
University, İstanbul, Turkey
ETT0044 Methods of line balancing in garment
industry: review paper

Ibrahim Abdo Elhawary; Department of
Textile,Alexandria University,Faculty of
Engineering,Alexandria,Egypt.

ETT0090 Novel techniques to analyse the comfort of
car seats

Adnan Ahmed Mazari; Department of
Clothing, Technical University of Liberec,
Czech Republic

ETT0067 The Effects of Different Types of MWCNTs on
the Mechanical Properties of Textile-Based
Composites

Hande Sezgin; Department of Textile
Engineering, Istanbul Technical Uni., Turkey

ETT0147 3D Revolution in the Fashion Industry

Candan Ayla; Department of Fashion and
Textile, Faculty of Fine Arts and Architecture,
Gedik University, Istanbul, Turkey
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Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

SUNDAY – 15 APRIL 2018
BÜYÜKADA HALL

14:00 – 15:15 (Protective Textiles and Composite Materials)
Chair Person: Prof.Dr.Mustafa E. Üreyen; Anadolu University
ETT0065 Improving the Water Resistance of Filament
Woven Fabrics with Microfilament Yarns

Maher Alsayeed; Textile Engineering
Department, Gaziantep University, Turkey

ETT0177 Sound Absorbing Properties of Nonwoven
Fabrics Produced from Biofibres for
Automotive Applications

Mustafa Sabri Özen; Department of Textile
Engineering, Marmara University, Technology
Faculty, Istanbul, Turkey

ETT0198 Potential of Using Sandwich Panels of Flax
Alaa Arafa Badr; Textile Engineering
Fibers Waste in Thermal Insulation and Other Department, Faculty of Engineering,
Applications
Alexandria University, Egypt
ETT0064 The globalization of the Egyptian cotton
Ibrahim Abdou Elhawary; Textile Engineering
industry quality via the engineering units,
Department, Alexandria University, Egypt
part2: the impact of the latest Egyptian
cottons generation on the yarn quality factor
ETT0132 Investigation Of Antibacterial Properties
of PVA/Gelatin/ Benzalkonium Chloride
Composite Nanofibers Obtained By
Electrospinning Method

Onur Yolay; Department of Nutrition and
Dietetics, Istanbul Aydin University, Istanbul,
TURKEY

15:15– 15:30 COFFEE BREAK
15:30 – 16:45 (Biologically Inspired Textiles and Technical Textiles)
Chair Person: Dr. Muhammad Tahir; National Textile University, Faisalabad, Pakistan
ETT0084 Lotus Effect Inspired Materials: Contact
Angle Validation on Modified Ramie Yarn for
Self-Cleaning Textile

Adi Surya; Materials Science and Engineering
Department, Institut Teknologi Bandung, West
Java 40132, Indonesia

ETT0175 Microclimate regulation with spacer fabrics

Musa Akdere; Institute for Textile Technology
of RWTH Aachen University, Aachen, Germany

ETT0037 Investigation on Unevenness, Hairiness And
Frictional Properties of Some Regenarated
Cellulosic Yarns

Oğuz Demiryürek; Textile Engineering
Department, Erciyes University, Kayseri,
Turkey

ETT0140 Sensory carbon rovings used for leakage
detection in water pipes made of textile
reinforced concrete

Gözdem Dittel; Institut für Textiltechnik,
RWTH Aachen University, Aachen, Germany

ETT0143 Investigation of thermal degradation of
Wool/PA blends by TGA and MCC

Elif Kaynak; Anadolu University, Faculty
of Engineering, Chemical Engineering
Department, Eskişehir, Turkey

17:00 – 18:00 POSTER PRESENTATION
(Second Part: 30 Posters; see details at the poster list)

* The poster presentation certificate will be given during the poster session.
* Poster Session Chairs: Dr. Mustafa Sabri Özen; Dr. Erhan Sancak; Dr. Muhammet Uzun

18:30 – 20:30 COCTAIL AND GALA DINNER - INTEREXPO HALL
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Scientific Program

Theme: Evolution of Technical Textile (ETT2018)

MONDAY – 16 APRIL 2018
PARALLEL SESSIONS
KARADENİZ HALL
10:00 – 11:15 (Technical Textiles)
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Improving Pattern Design for Women’s Upper Body Clothing
Tanya Dove
Institute of Textiles and Clothing, Hong Kong Polytechnic University
tanya.dove@polyu.edu.hk

Abstract
To produce clothing, the most important question would be ‘What sizes do I make, to cater for the target
population most accurately?’ states Chan (2014). From the consumer’s perspective, the sizing and labelling of
clothing can cause confusion over not knowing what size they should purchase. Retailers decide their own body
measurement charts, which are developed from an idealistic fit model size, as shown in Faust and Carrier
(2010), commonly a UK10B cup. For the size range, the bust suppression for the bust cup size remains the
same, at a B cup, according to Bye (2008). White and Scurr (2012) claim body sizes have changed substantially,
with many UK women now purchasing a D cup bra or larger. With technological advancements in bra design,
sizing up, lifting and shaping, many women are larger than the B cup-clothing model, either naturally or
enhanced. Therefore one of the fundamental challenges women encounter, is not what size am I? It is what size
will fit my bust.
Fit, proper fit, is not about size or measurements; it’s all about shape. The body is three-dimensional, and when
clothing patterns are developed that actually represent the three-dimensional shape of bodies, clothing will fit
increase sharply (Gribbin, 2014). Creating size charts, the bust measurement is seen as a total girth body
measurement, without the consideration for a woman’s bust cup size. This research will develop a sizing system
with bust cup size integration in the pattern construction, which respects the contours of a woman’s body.
Keywords: Clothing sizes; Close fitting garments; Experimental pattern cutting; Bust cup size integration; New sizing
system

Introduction
Clothing is one of the larger retail sectors, representing £30 billion (42 billion) in the UK, and US$173 billion in
the USA in 2004. Experts estimate that global textile and apparel consumption reached US$984 billion in 2002.
There are many challenges in this sector. One is a long-term shift of influence from producer to consumer;
another is the high level of garment returns (Bougourd and Treleaven 2014). Labat (2007) believes the inability
of many consumers to find good fit in mass-produced clothing has long been recognized as a major problem in
providing quality apparel products to consumers. Many studies have indicated that consumers are dissatisfied
with the fit of clothing, often the most important complaint about ready-to-wear clothing.
With lack of standards for sizing charts and systems, and the increase of globalisation, consumers are
increasingly frustrated not knowing what size they are in what retailer, and what clothing will actually fit their
body measurements. However, the confusion over clothing sizes does not stop at just the clothes worn, the
underwear choice can also have an impact on the clothing fit and comfort, especially the choice of bra a woman
wears. Within the last decade intimate apparel has evolved with developments in bra cup technology, padding,
and seam free bonding technology. These developments now allow women to wear cup sizes, which enhance
their natural size, with an increase in padded bra designs available on the market. A natural B cup woman can
resemble a D cup with padding. As the intimate apparel industry and the fashion industry operate as two
independent fields, from fashion education, to designers in industry, there is no correlation or cross over of
information on women’s body sizes. When lingerie retailers develop the technology, and padding to increase the
bra cup and a woman’s cleavage, they do not consider the clothing that has to fit over the top, neither do the
clothing retailers consider the new developments of bras in the production of clothing.
Experimental Set-up and Procedure
Finding a garment that fits properly and looks stylish is a dilemma and frustration to many, especially those who
are not the so-called ‘average size’; and with variability in size, proportion and shape, consumers, retailers and
manufacturers still grapple with issues of garment sizing (Otieno et al. 2005). An investigation was made to
ascertain sizing measurements from key retailer’s online data (2015). 47 retailer’s measurements of bust, waist
and hip, across three sizes; small, medium and large (UK 10,12 and 14) were collated. The sizing charts were
analysed to develop the smallest, largest, average size, and the difference between the two measurements per
size, as shown below in chart 1. The grading charts were cross analysed for the difference in grade between
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retailers, smallest, largest, the difference between and the average retailers grade, chart 2.
SMALL - UK10/ US6

MEDIUM - UK12/US8

LARGE - UK14/US10

(47 retailers)

Bust

Waist

Hip

Bust

Waist

Hip

Bust

Waist

Hip

Average Size

86.5

68.4

93

91.4

73.2

97.9

96.8

78.6

103.2

Smallest Size

80

62.5

87.5

88

67.5

92.5

92

73.75

97.5

75

102

94.5

80

106

100.5

87.5

106.75

12.5

14.5

6.5

12.5

13.5

8.5

13.75

9.25

92
Largest Size
Difference Smallest to
12
Largest sizes recorded
Chart 1. 47 retailers sizing analysis
Grading Analysis

Small to Medium GRADE
Bust
Waist
Hip

Bust

Medium to Large GRADE
Waist
Hip

Average

4.7

4.7

4.9

5.4

5.4

5.3

Lowest

2.5

2.5

2.5

2.5

2.5

2.5

10

10

10

12.5

10

Highest
10
Chart 2. 47 retailers grading analysis

The 47 retailers’ analysis shows there is a difference of up to 12cm at the bust and 14.5cm at the hipline
between retailers, for clothing all labelled a UK size 10. Grading practices are also not consistent. A woman,
who cannot fit a size 12, may find a size 14 too big, either in totality or in a specific area of her body, for instance
the hipline that is not always increased proportionately to the rest of the body. From a consumer’s perspective,
not only does the high street not size clothing to the same body measurements between retailers, they also
grade the clothing using different grade rules.
Ready-to-wear garment sizing systems are often classified by three height groups; according to Cooklin (1990),
in the English system, if a women’s height is under 155cm (5 feet 1 inch), she belongs to the short height group.
A medium-height woman is in the range from 155cm (5 feet 1 inch) to 165cm (5 feet 5 inches). A woman who is
taller than 165cm (5 feet 5 inches) belongs to the tall height group. Within the three height groups, six figure
types are classified by the drop value, in this case labelled by bust proportion: very small bust, small bust,
medium bust, full bust, large bust and extra-large bust. A very-small-bust body type has a 15cm (5.9 inches)
smaller bust girth than the hip girth. A body type with a small bust has a 10cm (3.9 inches) smaller bust girth
than hip girth. The bust girth is 5 cm (2 inches) smaller than the hip girth for the medium-bust body type. The
bust girth and hip girth measurements are the same for the full bust body type. The bust girth is 5cm (2 inches)
larger than hip girth for the large-bust body type. The extra-large-bust body type is for a woman with a 10cm
(3.9 inches) larger bust girth than hip girth. The bra has lifted, enlarged, supported, confined, flattened,
revealed and modestly covered women's breasts throughout the decades (Chan and Newton 2001). The Daily
Mail newspaper reported on a survey by Intimacy in 2013, that the average national bra size has increased by
three-cup sizes over the last 30 years. The lingerie retailer reported a 34DD average today. This compares to
the 34B bra-size average in 1983.
As investigations of high street sizing shows above, Cooklin’s 1990 analysis of different bust sizes, has never
been adopted into the production of high street clothing. Only one bust size is used for each clothing size, which
is then graded in total body dimensions. Bond et al. (2000) believe from the technical viewpoint, pattern design
construction of the upper bodice block is more complicated than that of the lower bodice block. Although
females have the same three main girths, bust girth, waist girth and hip girth they may have different bust forms,
which is a significant factor for figure typing. Bust form and shape, along with the type of bra the consumer
wears all have an impact on the clothing fit and form and comfort factors.
III. Analysis
To introduce a new sizing system, which conforms to the three-dimensional female form the bust cup size can
be seen as an independent measurement, which would adhere to the three-dimensional female form and has
the capacity to improve fit and comfort. In Shin’s (2015) publication, cup size grading is quoted as 2.5cm per
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cup size, with size 12 over bust measurement being 86.4cm. Shin’s D cup size 12 woman would have an over
bust of 91.4cm. A sizing system to fit the population could include bust cup sizes as an independent
measurement, to cater for the consumer’s demands and changes in their body shape and the lingerie they wear
underneath.
A dress form was measured and taped at key girth and height dimensions. A B cup and a D cup bra was placed
on the dress form and the measurements recorded. The total bust girth recorded, with the front and back bust
line separated at the side seam marking on the dress form. A larger bust effects the over bust line, the under
bust remains the same for different cup sizes.
Measurement
Dress form
BL - Bust line
92
BL Back
43.5
BL Front
48.5
Under bust
79
Chart 3. Dress form measurements

B Cup bra
94
43.5
50.5
79

D cup bra
99
43.5
55.5
79

Experiments were conducted on the dress form to ascertain the increased bust dart with for a D cup, and the
impact to the pattern cutting formula. The following amendments were required to accommodate a larger bust
size. A technical image was created showing B cup up to E cup bra sizes and the impact on the front bodice,
shown below in image X.
Bust cup dart width at shoulder seam
Front bust line at side seam front
Front panel line
Bust line position
Cross front position
Shoulder line and front neck drop
Chart 4. Bust cup grading formula

2cm grade per cup size
1.25cm grade per cup size
Moving to side seam by 0.5cm per cup
Raised by 0.5cm per cup
Raise by 0.5cm per cup – default of bust line position
Raised by 0.5cm per cup – default of bust line position

Image 1. Bust cup grading formula image

Four made to measure bodice samples were created for the dress form based on the formula above to change
the front bodice.
1. Dividing the bust girth in two equal measurements at the bust line.
2. Creating a B cup front bust girth by increasing the front girth and decreasing the back girth.
3. A D cup bodice was created by increasing the front bodice
4. A sleeveless B cup bodice using less ease of movement
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Image 2. Dress form images
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Pilot Tester Experiment
A total of 12 people were used to conduct this experiment whose body shape varied, along with age and bust
sizes. A sleeveless dress plan and pattern was developed for participants with front bust cup sizing. The
experiment followed the below structure.
1. Measurements were obtained by manual means under the ISO measuring guide of how to measure a
person for the purposes of creating clothing. Using a tape measure, and a measuring rod to obtain
vertical measurements. All data was recorded and participants signed a consent form for their body
statistics and photographs to be used for this research. The participants wore under garments to be
measured, and were asked to wear the same style of bra for the fitting stage so that the bust height and
volume remained the same. Participants were measured manually over and under the bust, secondly
with a bra tape measure and thirdly they were asked the size bra they wear for cross analysis.
2. Measurements were analysed for any similarities of age and bust sizes between the 12 participants.
3. Six of the participants fell within a size UK14 range, using the base size with a 5cm body grade to
calculate rough size ranges. These participants had between a D and an E cup bra size.
4. Pilot testers were also categorised in different heights, five were within the petite height range, the
majority being seven participants in the average height range, with two in the tall range.
5. Made to measure bodice blocks were created for the participants with bust cup sizing. The bust cup dart
size was calculated using the formula based on the cup size calculated from measurements, and not
the size the participants wear. Where participants waistline was thick, less waist darts were used, or no
dart in the back body.
6. Once the bodice blocks were confirmed a sleeveless panel dress was created for each participant. Due
to time constraints and distance participants did not have a fitting but went from being measured to
trying on a finished dress.
7. Participants had photographs taken of the front back and side of the finished dresses.
8. Data was analysed over fit, form and the difference over the bust area.
9. Participants completed a post-fitting questionnaire while conducting a wearer trial for 20 minutes.
An approximate dress size was estimated from body measurements, along with participants bust sizes, as
shown in the image below.

Image 3. 12 pilot tester bust cup sizes

IV. Results and discussions
All pilot testers liked the way the dress fitted them, scoring 80 to 100% on the scale. However two participants
felt the bust was still too small and did not allow enough ease of movement. This could have been due to
participants wearing a different shape bra. Overall participants liked the fit, stating it was an improvement in the
bust area. Most of these women do not wear dresses, partially due to being unable to find dresses to fit their
body shape, but also their own personal taste and style. With a variety of body shapes and ages it was
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interesting to see similarities in answers from people with different body shapes, facing the same problems in
buying clothing to fit their body shape.
V. Conclusions
Problems with garment fit may arise from the current industry practice of sizing up and down the measurements
of a garment fitted perfectly to a single person, by applying the grades of a standard body-sizing system
comments Petrova (2007). Factors that influence garment fit in this scenario include the fit model, who might not
be representative of the target population, and the body size grades, which might not be appropriate for the
targeted population. For all body sizes, the bust suppression for the bust cup size remains the same, as the fit
model bust size, according to Bye (2008) research, who confirms there is no body measurement related to dart
intake in traditional grading, dart intake remains constant. Therefore, if the fit model is a B cup bra, the whole
size range will be graded to accommodate a B cup bra. From a technical perspective the evaluation of this pilot
test was very successful, with 10 participants feeling the bust fit was an improvement. The technical formula to
add bust cup sizes into clothing is under development and can be improved further. Measurements were taken
manually; using a body scanner to collate accurate body measurements will be used for further development of
bust cup grading in clothing sizes to improve fit and comfort.
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Abstract
Compression sportswear are generally produced from knitted stretch fabrics, which get extended on wearing and remain in the
extended state. Since they are worn next to skin and are direct contact with the body surface, their thermal comfort properties
are effective on overall clothing comfort. In this paper, an investigation has been made to evaluate the effect of garment fit and
fabric extension on the thermal transfer performance of clothing. The method using the combination of infrared thermal camera
and 3D virtual garment simulation has been developed considering the fabric extension and clothing surface temperature of
different body parts. Two type T-shirts were produced by changing the bust and waist measurements and their thermal transfer
performance were investigated in wear trials on subjects having different size. Fabric extension results were taken from virtual
avatar in 3D simulation having the same body measurements as subjects. Temperatures changes on different body parts
according to the wearing protocol were investigated in thermal camera software (Flir Tools). The experimental results show that
compression garment fit and fabric extension influence the heat transfer and clothing surface temperatures. In the sportswear
industry, Optimal garment fit should be defined for designing sportswear, especially for performance sportswear.
Keywords: Compression sportswear, garment fit, thermal comfort, 3D virtual simulation

I. Introduction
Compression sportswear has become attractive in personal or team sports in recent years. A pleasing contact
perception, reasonable pressure profile and optimum thermal-moisture properties are fundamental to promote
comfort and physical performance and health to the athletes since these garments are typically designed to directly
maintain contact with athlete's body (Liu, 2014). Compression garments elongates up to 10% in length and 60% in
width when worn, depending on the variations in body circumference. This stretch also changes the loop shape,
density and thickness of fabric. All these changes are expected to affect significantly the comfort behaviour of
fabrics (Gupta, 2011). Heat and mass transfer through the garment is not only dependent on these properties of
fabrics used in the garment but also on the change in the contact area and the air gap thickness between the
garment layers and outer adjacent air layer. The thickness of air layers and the magnitude of contact area can be
affected by the mechanical properties of the fabric and the garment properties (various ease allowances due to the
different fits and styles), moisture content, body posture and the movement of the body (Mert, 2016). Compression
sportswear are worn next to skin and are direct contact with the body surface and minimise the air gap thickness so
that the fabric thermal comfort properties are effective on overall clothing comfort. Sport garments are at the
interface between the human body and the environment and therefore modify the heat and mass transfers
at the skin surface. Clothing interacts with physiological and physical processes impacting skin temperature that
be assessed by infrared thermography. The assessment of sport garments, specifically their impact on the skin
using this technique, enables great advances in the field of garment design and its consequence on sport
performance and thermal comfort, both for recreational and professional athletes (Fournet, 2017). In this study, we
determined the fabric extension on different body parts and related this with the clothing surface temperatures
the combination of infrared thermal camera and 3D virtual garment simulation.
II. Experimental Set-up and Procedure
Materials
Two type of T-shirts were produced from the same stretch knitted fabric made of 86% Polyester and 14% Elastane.
The fabric properties were given in Table 1.
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Table 1. Fabric properties
Fibre Composition
86% PES 14% Elastane

Fabric Structure
weft knitted

Fabric Mass
(g/m²)
315

Fabric
Thickness
(mm)
0.49

Air
Thermal
Permeability Resistance
(l/ m²/s)
(m²K/W)
62.2
7.4

All the t-shirts had the same style of sleeveless but the size gradually decreased at bust and waist girths. The
measurements of t-shirts are shown in Table 2.
Table 2. Measurements of experimental t-shirts (cm)
Tshirt Code
Bust
Waist
G1
40
38
G2
38
36

Methods
Three men having Small, Medium and Large size with age 20 ± 2 years volunteered to participate in tests. They
were provided with a participant informations sheet, informing the procedures of the experiment. The tests were
conducted in a performance room at a temperature of 20± 2˚C, relative humidity of 50± 5%. Before the tests, the
garments were then hung in the environmental chamber for 24h before the test. Subjects entered the room and
rested for 10 min to adapt to the room conditions. Each day only one subject was tested. The experiment consisted
of two parts. Firstly, the body measurements of every subjects were measured by tape measure for the avatar in
3D virtual garment simulations (Figure 1).

Figure 1. Measurement points on body

The fabric properties were input into the simulations and the fabric extension maps were obtained and compared.
In second part, the temperature distributions of clothing outer surface was detected by another non-contact
measuring tool, infrared thermal camera (Flir E40 with 0.07˚C thermal sensitivity). Subjects were asked to stand on
footprints and keep the arm straight. The locations of infrared thermal camera and body posture were kept constant
during the measurements. The infrared thermal measurements included two steps, first subjects were asked to
wear t-shirts and body postures were photographed then subjects rested for ten minutes wearing t-shirts and body
postures were photographed again. The clothing surface temperatures were then analysed by thermal imaging
software (Flir Tools) to get the maximum, minimum and average temperatures on bust (B1), waist (B2) and hip (B3)
sections. To investigate the regional fabric extensions on human torso, six sections (bust, waist, pelvis, back bust,
back waist and hip) were simulated according to the height of the human torso. To measure the surface
temperatures of clothing, six measuring areas were drawn on the frontal and rear infrared photos of upper body,
corresponding to the sections of fabric extensions.
IV. Results and discussions
Clothing Surface Temperatures on Body Sections
The thermal photographs of frontal and rear body sections were analysed by Flir Tool Software (Figure 2).
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Figure 2. The thermal photographs of subjects having small, medium and large size respectively

The average clothing surface temperatures of six body sections of two t-shirts (G1 and G2) are shown in Figure 3.
It shows that the average temperatures when first worn (B1, B2 and B3) and after ten minutes resting (B1A, B2A
and B3A).

Figure 3. The average clothing surface temperatures on frontal body sections.

Three subjects having small, medium and large size, tried on two experimental t-shirts (SG1, SG2, MG1, MG2,
LG1 and LG2). The surface temperatures of on small size body (SG1 and SG2) have the lowest surface
temperatures due to the highest air gap thickness. The SG1 and SG2 t-shirts have not the close fitting as much as
the others. After ten minutes, SG1 and SG2 show the highest temperature decrease because the t-shirts provide
thermal isolation due to air gaps (Figure 4).

Figure 4. The clothing surface temperature variations on frontal body sections between first worn and after ten minutes

The surface temperatures of on medium size body (MG1 and MG2) show stable temperature changes. The t-shirt
MG1 have the highest temperature after 10 minutes resting. This case can help the body to decrease its core
temperature. The t-shirt MG2 shows almost the same temperature after 10 minutes resting. The t-shirts LG1 and
LG2 have the most closing fit form and the fabric extensions are much more the others (Figure 6). This case gives
a negative effect on heat transfers and cause the body to lose its core temperature quickly. The subject having
large size mentioned that the t-shirts were not so comfortable for himself.
All the average surface temperatures on rear body sections show decreasing because of the air gaps occurred on
concave areas and large contact surface (Figure 5). The t-shirt MG1 shows lowest temperature decrease taking
into account all sections. The t-shirt SM1 and SM2 provide thermal isolation due to air gaps again like the frontal
body sections.
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Figure 5. The clothing surface temperature variations on rear body sections between first worn and after ten minutes

Fabric Extensions on Body Sections
Fabric extension results were taken from virtual avatars in 3D virtual garment simulation (Modaris 3D) having the
same body measurements. Figure 6 shows the results of G1 t-shirt on avatars' body having (a) small size (b)
medium size (c) large size.

Figure 6. Fabric extensions of T-shirt G1 on avatars' body having (a) small size (b) medium size (c) large size

V. Conclusions
In this study, we investigated the effect of garment fit and fabric extension on the thermal transfer performance of
clothing. Non-Contact Measuring Tools can help to compare the results easily. The experimental results show that
compression garment fit and consequently fabric extension influence the heat transfer and clothing surface
temperatures. In the sportswear industry, compression sports garment are worn next to skin and are direct contact
with the body surface, their thermal comfort properties are effective on overall clothing comfort. Fabric extension
within certain limits can help to control the body thermoregulation. The optimum fabric extension limits should be
defined for better body thermal balance. So optimal garment fit should be defined for designing sportswear,
especially for performance sportswear.
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Abstract
Despite their outstanding lightweight construction potential, carbon fibers are rarely used today in mass applications. The main
reason for this is the high price of 12 – 25 € / kg, caused by the energy and therefore cost-intensive production process. One
main cost driver is the process of stabilization with long residence times between 60 - 100 minutes at temperatures up to
280 °C.The aim of this research is to reduce the stabilization time in order to reduce the total production costs. Specifically, the
process parameters temperature, residence time and draw ratio are adapted to the chemical and thermal precursor properties.
As different precursors differ in their properties, a methodical procedure has been developed by which process parameters of
stabilization and carbonization are developed for a given precursor and its specific properties.
As a result, a stabilization time of 22 minutes is achieved with process stability and process reliability. The minimum possible
stabilization time is 15 minutes. However, such low residence times lead to an increased evolution of toxic gases, which lead to
an insufficient process stability. At a residence time of 22 minutes, a tensile strength of 4.1 GPa and a modulus of 220 GPa is
achieved. The mechanical properties excel the level of common industrial carbon fibers (e.g. Toray T300, Toho Tenax HTS 40).
One big advantage of the developed procedure is the use of existing, conventional plant technology, whereby the transfer of the
method to industrial production lines is possible without additional investment costs. A reduction in production costs of up to
3 € / kgCF is possible. Conceivable are 2 different variants: On the one hand the commissioning of a new production line with
smaller furnaces and thus reduced investment costs. On the other hand, the acceleration of the production speed of existing
production lines.
Keywords:

Carbon fiber, Stabilization, Carbonization

I. Introduction

Global CF demand
[1000 t]

The reduction of CO2 emissions by lightweight construction is a central development direction today. Therefore,
carbon fibre-reinforced plastics (CFRP) are increasingly being used as a substitute material for classical metals.
Compared to classical metals such as aluminium, CFRP have a tenfold increased strength-to-weight ratio, which
makes them ideal for lightweight construction applications. Figure 1 shows the historical and forecast global
demand for carbon fibers from 2008 to 2020 (Witten, 2016).
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Fig. 1: Growth forecast for global demand for carbon fibers (* estimation) (Witten, 2016)

The constant annual growth rate for the global carbon fibers demand is high (13 %). Compared to other reinforcing
materials such as glass fibres (5,000,000 tons per year) or conventional metal construction with aluminium and
steel, the quantity produced is still very small (approx. 100,000 tons per year) (Gherzi, 2015). One reason lies in
the the time and cost-intensive production process. Compared to high-strength steels, which are frequently used in
the automotive industry, the price-strength ratio of CFRP is also 10 times higher. CFRP have so far been used in
niche applications with a focus on weight reduction. One of the main cost drivers of CFRP is the high carbon fiber
price due to the energy- and time-consuming production process (Morgan, 2005). One of the cheapest carbon
fibers is currently sold by Zoltek (Bridgeton, USA) for 14 €/kg (Zoltek, 2007). However, the low price is achieved by
1
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the use of large-volume heavy tows (50k) with low mechanical properties and low fiber quality.
During carbon fiber production the thermal stabilization with slow process times of up to 100 minutes at
temperatures of up to 300 °C is a limiting factor (Heine, 1988). The main reason for the long process times are
diffusion-driven exothermic reactions that take place over the fiber cross section (Morgan, 2005). As shown in
Figure 2, almost 50 % of the energy costs of thermal conversion are accounted for by stabilization (Maghe, 2015).
3%
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Stabilization (48%)
LT Carbonization (5%)
HT Carbonization (16%)
Abatement system (12%)
Drives (1%)
ST - Sizing and Drying (15%)
Winders (3%)
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Fig. 2: Distribution of energy consumption during thermal conversion of carbon fibers (Gherzi, 2015)

Although CFRP have a relative weight of only about 30% compared to high-strength steels with the same
component function, due to their high costs they have not yet been used in mass production. In summary, the
following deficits can be derived from the state of the art:
1) Disadvantageous price-performance ratio of CFRP compared to high-strength steels or aluminum as well
as glass-fiber-reinforced plastics
2) No mass use of carbon fibers - exposed lightweight construction potential
3) Cost driver thermal stabilization due to long process times
A central goal of carbon fiber research at ITA is to reduce the stabilization process time in order to reduce the
carbon fiber price. This leads to an increased price-performance ratio of CFRP compared to other reinforcing
materials, thus enabling the mass use of carbon fibers for lightweight construction applications.
II. State of the art
More than 95 % of all available carbon fibres are produced from the polymer polyacrylonitrile (PAN). The PAN is
first spun out into so-called precursors in the solvent spinning process. More than thousand individual filaments are
combined into a fiber bundle. This is followed by the thermal conversion (stabilization and carbonization) of the
PAN precursors to carbon fibers. In stabilization, the PAN precursors are made incombustible and infusible by
restructuring the molecular chains into a pyridine ring structure. This prepares the precursors for subsequent
carbonization. In carbonization, the carbon content is gradually increased to more than 90 %. The characteristic
hexagonal ring structure of the carbon atoms is formed, which leads to the high mechanical properties of the
carbon fibers. Finally, the carbon fibres undergo a post-treatment including a sizing application. The sizing
maximizes the adhesion and the corresponding power transmission between matrix polymer and carbon fiber and
protects the fibers from abrasion during the production of textiles. In terms of process technology, solvent spinning
is separated from thermal conversion due to very different production speeds. Stabilization, carbonization and
after-treatment take place one after the other. Figure 3 shows the different production steps schematically.
(Warnecke, 2013, Morgan, 2005, Heine, 1988)
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Fig. 3: Process chain for carbon fiber production
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Industrial large-scale stabilization is currently done in 4 - 12 furnaces, each with an isothermal temperature profile.
The temperature increases from the first to the last furnace with constant jumps, whereby the residence time in the
furnaces is kept constant. A central safety aspect of stabilization is the formation of toxic hydrocyanic acid, which
must be removed and burnt with an exhaust air system. Furthermore, the stabilization reactions are strongly
exothermic. In order to guarantee high process stability and process reliability, the exothermic reaction energy
must be controlled and dissipated. The minimum possible stabilization time is determined by the degree of fiber
stabilization required for the carbonization process and the operational reliability of the plant. (Warnecke, 2013,
Morgan, 2005, Heine, 1988)
In addition to various plant parameters, the following three process parameters are significantly relevant for
process control of stabilization:
1) Temperature
2) Dwell time
3) Stretching
The residence time in the different temperature stages (different furnaces) is identical in the industrial state of the
art. Industrially, a total stabilization time of approx. 60 - 100 minutes is currently realized, depending on the
respective manufacturer and available know-how.
III. Objectives and approach
The aim of this research work is to reduce the stabilization process time in order to achieve a cost reduction in the
production of CFRP. It is assumed that the mechanical fibre properties are reduced due to the reduction of
stabilization time. In order to ensure an industrial application of the results, it is essential to achieve a certain fiber
quality. The benchmark for mechanical properties is a T300 fiber from the Japanese manufacturer Toray Industries,
Inc. with a tensile strength of 3.5 GPa at a Young’s modulus of 230 GPa and an elongation at break of 1.5 %. This
fiber is one of the most cost-effective carbon fibers available on the market with acceptable properties and is
intensively used in secondary structural components in the aircraft, automotive, sports and leisure sectors.
In the chosen approach, the dwell time in the different temperature steps is set separately from each other. More
precise, the process parameters temperature, dwell time and stretching are adapted to the reaction sequence and
the chemical and thermal properties of the precursor in the various temperature zones. Since the properties of
different precursors differ greatly, a methodical procedure was developed at ITA on the basis of which the process
parameters for a given precursor can be developed.
An increase in the production speed of stabilization is accompanied by an increase in the production speed of
carbonization. Thus, the dwell time of carbonization is also reduced with the chosen solution approach. Therefore,
the procedure also takes into account the development of process parameters for the subsequent carbonization,
which are dependent on the respective process control of stabilization.
IV. Results and discussions
As a result, a stabilization time of 22 minutes was achieved while maintaining process stability and process safety.
In comparison to a standard stabilization profile, with equal dwell times in each zone, the reaction enthalpy
decreases linear from zone to zone (Figure 4).
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Fig. 4: Reaction enthalpy of stabilization for standard and adapted profile (15 minutes residence time)
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Advantage of this procedure is a more homogeneous distribution of the reaction heat over the individual
temperature stages. The result is an increased degree of stabilization. In addition, process stability is increased
due to the homogeneous release of reaction heat. With a stabilization time of only 15 minutes, a degree of
stabilization was also achieved that allows carbonization and thus carbon fiber production. However, such short
residence times lead to the development of high quantities of toxic gases within a short time, so that sufficient
process reliability cannot be guaranteed.
With a dwell time of 22 minutes, the achieved tensile strength is 4.1 GPa with an Modulus of 235 GPa and an
elongation at break of 1.8 %. The mechanical properties achieved are thus at and above the level of common
industrial carbon fibers (e.g. Toray T300, Toho Tenax HTS 40). A major advantage of the procedure developed is
the use of existing, conventional plant technology, which makes it possible to transfer the method to industrial
production lines without additional investment costs. Depending on the previous production process, a reduction in
production costs of 3 € / kgCF can be achieved. 2 different variants are conceivable: Firstly, the commissioning of a
new production line with smaller furnaces and thus reduced investment costs. On the other hand, the acceleration
of the production speed of existing production lines.
V. Conclusions

Strenght [GPa]

Figure 5 summarizes the results obtained.
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Fig. 5: Key results

With the developed procedure an increase in productivity of more than 300 % can be achieved while maintaining a
high fibre quality, which lies in the acceptance range of the market. The current results have been achieved on
technical scale stabilization and carbonization line. The next step is transfer of results or the transfer of methods to
a pilot scale in order to confirm the industrial feasibility.
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Abstract:
The Dervish Sound dress is a wearable piece of technology; a garment that is inspired by the sacred experience of the Whirling
Dervishes or the Mevlevi Sufi order in Turkey. The garment functions as an instrument when it is worn and changes depending
on how the wearer moves. The cultural traditions of the Mevlevi Sufis and their metaphysical experience during the turning ritual
of the ‘sema’ performance is the inspiration behind the creation of a garment that emulates sounds by using body movement.
The Dervish Sound Dress is outfitted with sensors that emit musical sounds with every movement that the wearer makes. The
movement triggers sensations through haptic feedback like when a musician plays an instrument. It is a heightened experience
that can benefit the wearer in numerous ways through wearable interaction. Exploring the outcome of expressing emotion
through performance in wearable fashion technology is a developing concept. The motivation for creating The Dervish Sound
Dress is to explore further how through performance, sound and sound vibrations that are used in a garment can generate an
emotive response in the wearer and possibly invoke a spiritually emotional experience. This dress is accessible to anyone
wishing to embark on a unique musical journey.
Keywords: wearable technology, sensors, haptic feedback, computer music, Dervish

I. Introduction
Wearable technology can be defined as the use of technological interfaces that are interlinked with textiles for
fashion or practical functionality. Humans have had a desire to develop technology that extends the functionality of
the human body (Olsson, 2008). Wearable tech also falls under the umbrella of ‘smart’ accessories such as
wristwatches, headgear, eyewear and footwear. Wearable fashion technologies are in fact ‘designed’ garments
accessories, or jewelry that bring together aesthetics and style with functional technology. Where fashionable
technology refers more directly to the sense of style that a person reflects whilst wearing a garment that is designed
with a mode of conveying an amplified fantasy, wearable technology deals with wearing objects that have been
electrically engineered or programmed in such a way that the wearer can interact with the garment. Fashion
designers who are using smart textiles or integrating fashion and technology in some way require collaboration with
electrical engineers and programming professionals.
Combining wearable and fashionable technology with haptic feedback and musical sound can result in a
transformative purpose. The significance changes when using sound as a means of attaining an enlightened
experience, challenging conventional norms of how technology can function without relying solely on gadgetry and
material innovations. The Dervish Sound Dress challenges these conventions by drawing upon a more
sophisticated ideal of using technology to transcend consciousness by taking a sacred experience and creating
artistic expression from it.
Understanding the scope of where wearable technologies will lead to in terms of beneficial use for the end user lies
in the framework of functionality and practicality. If a garment can perform seamlessly with an interface that can be
used to interact with the wearer, the likelihood of commercial success is more conceivable. Humans are becoming
more aware of the changing landscape of technology and how societal and economic pressures of using technology
in different ways is what the future beholds. Thus, commercial interest in fashionable wearables is increasing as
seen in clothing using embedded technologies that are becoming more evident in the areas of sport, healthcare,
rescue services and security. (Seymour, 2010). The possibilities of exploring emotive textiles and garments can
change the shape of the capabilities that wearable technology can provide. The scope for creating textile interfaces
that engage a global audience should be intuitive, and compatible with emotional adapters (Quinn, 2010).
Where fashionable technology refers more directly to the sense of style that a person reflects while wearing a
garment that is designed with a mode of conveying an amplified fantasy. Wearable technology deals with wearing
objects that have been electrically engineered or programmed in such a way that the wearer can interact with the
garment. Berzowska (2005) remarks that a ‘wearable’ garment should be constructed in a way that makes sense
to the wearer; that it is practical for use on the body and doesn’t interfere with functionality. Moreover, it should be
attractive and a seamless integration in the cloth so that the wearable computer is less fragile. Our interactions are
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changing with wearable technologies as we are changed by them. (Cranny et al, 2008) The explorations of the
intersections between wearable technology and fashion are inevitable. Fashion designers who are using smart
textiles or integrating fashion and technology in some way require collaboration with electrical engineers and
programming professionals.
The demand for wearable technologies is flourishing. Technological innovations have made it possible to allow for
processing power to double, components to become miniaturized, and alternative energies to become viable options
(Seymour, 2008). Fashionable wearables require new offerings from computational technology where innovation is
much more advance than in clothing design technology (Zhang, 2016). Technological advancements in using smart
or conductive threads and textiles as well as biomimicry, chemical, Nano, and bacterial textiles are breaking ground
in the research for new implementations of wearable tech.
Many fashion designers are collaborating with electrical and software engineers to develop products that are
becoming more accessible to people. Moon Berlin1 is a design company that uses a unique light technique in their
high fashion garments creating a dynamic between light and shadow effects (Berglin, 2013).
Hövding is a Swedish company that developed a collar made for cyclists that uses accelerometers and gyroscopes
that are triggered by abnormal movements in the wearer and inflates in the case of an accident to protect the head
(Berglin, 2013).
Prominent fashion designers in the last three decades have begun to explore using multidisciplinary approaches
using wearable technology to make commentaries on what humans wear on their bodies and why. Fashion designer
Anouk Wipprecht uses fashion as an interface in her designs. Her ‘Synapse Dress’2 is outfitted with sensors that
react to the wearer’s brain waves.
Integrating technologies seamlessly with the body poses numerous challenges including the intuitive nature of
computing. So far, we are only just beginning to examine the possibilities of how wearable technologies will affect
the lives everyday of humans.
The focus of this research is to determine why and to what lengths are humans willing to go to augment their clothing
with technology. Fashion designers using technology and wearables in their designs need to be more concerned
with creating new experiences of human to computer interactions for benefits other than for superficial uses.
Exploring these relationships with embodiment through multi-sensory engagement can have effective appeal.
(Cranny et al, 2008).

II. Background Research
The design of the dress is inspired by the ritual ‘turning’ practice of the Mevlevi Sufi order known as the sema and
is influenced by the playing of instruments that are situated close to the body, such as a stringed instrument. Sufism
can be described as the mystical experience in, and the ecstatic and emotional realization of, the presence and
power of God (Lifchez, 1992). The ‘Whirling Dervish’ performance is a spiritual expression of love and devotion to
God. The music that is used during the sema enhances the Dervish’s experience of striving to attain a higher level
of consciousness and connection to his faith. Although the dress is not necessarily meant to be a ‘fashion’ garment,
the textiles to be used are influenced by Ottoman Turkish garments which are rich in embroidery and colorful fabrics.
It is not a direct reflection of the dress or costumes worn by the Mevlevi Dervishes however; it is a resemblance of
the traditional costume, using layering of colors that are exposed when the dress becomes fully ‘turned’ during the
performance.
The sound design of this garment is also essential to the project. Sensors are programmed with synthesized sound
samples of the traditional Turkish tambur which is an instrument that is sometimes used during a sema performance.
Keeping the integrity of the instrument is a fundamental component of the design and overall output of the sounds.
The tambur is a stringed instrument with a high frequency of vibrations which reverberate for a longer period,
creating a droning ambience.
The motive is to emulate the vibrations that are felt while a musician plays an instrument, and the emotional
response that the musician and a performer such as a Dervish feels. According to Eryaman, (2012) the sema
consists of listening to music and participating in whirling movements and chanting to reinforce ecstasy and attain
a mystical state. To further explore this practice, the question will be addressed of how music and performance can
inform a transcendental journey, which involves taking a sacred experience and translating it into a piece of artistic
expression. The experience is a performance that is captured by the wearer and output to a speaker system,
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whereby spectators can also become involved emotionally. The essence of the garment will be to invoke empathy
through the communication of the wearer and the music that they control which is being generated by the garment.
According to Thompson (2009), one of the greatest mysteries of music is its powerful association with emotion.
Using this technology can result in a much more expressive experience for the wearer in that the vibrations felt
while sounds are being emitted enhances the progression. Leman (2008) remarks that research on haptic feedback
is often linked with research on musical expression and performer nuances. Not only are vibrations important
because of how they explain the instrument’s reverberation, but also during the performance the sounds can
heighten this experience as the performer moves in the dress.
In the last two decades, a rise in the rapidly growing interest for combining fashion and technology is evident.
Humans are increasingly demanding that their bodies become outfitted in the latest technologies. Identifying
designers in fashion who are working with wearable fashion technologies and how their creations are valuable for
inspiring future developments in the field are key to this research. Wearable and Fashionable Technologies are
merging to become a field. The work of designers such as Hussein Chalayan, who fuses fashion and technology
such as in his ‘Remote Control’ dress for his Spring/Summer 2000 showcase (sometimes referred to as the ‘Airplane
Dress’) explore the possibilities of using motorized mechanics to open a dress creating a new shape. Ying Gao 3
uses interactive garments such as the ‘(No)Where (Now)Where’ dresses which use photo luminescent thread and
imbedded eye-tracking technology so that the viewer’s gaze changes the shape of the dress. Iris van Herpen uses
digital printing technology for her collections, resulting in innovative textile developments combined with technology.
Philips Design4 has collaborated with many performers and artists and has developed ‘The Bubelle Dress’ which
changes shape and color based on the wearer’s emotional state. Many of these designers are using technology
combined with fashion design incorporating the significance of using sound as a tool for creating a more emotional
and interactive experience within a garment. Ziya Azazi is a Turkish performance artist whose Dervish in Progress5
is an exploration of dance and performance without the use of technology, yet his performance of turning and design
of a garment which resembles a dervish dress reveals a unique possibility for interlacing the disciplines. Seymour
(2009) discusses the importance of collaboration between designers and engineers as key to developing technology
and wearable garments.
Imogen Heap is a musician/performer whose work with the Mi.Mu gloves 6 is changing how electronic music is
performed live. The gloves are designed with the ability to handle gestural movements through sensors and
conductive textiles connected to a computer using a wireless interface. The gloves have the capability to perform a
variety of sounds by changing the movement of the fingers which are equipped with flex sensors.
Another company and team of designers interested in haptic feedback through wearable technology is Cute Circuit 7
whose ‘Sound Shirt’ has made headway in the development of using vibrations in clothing to emulate a live
orchestral performance that is ‘felt’ rather than heard by the wearer. The importance of how music can be felt as a
sensory experience is evident in their work.8
Fashion designers are embracing the demand for commercializing their products, making them accessible for the
mass market. Integrating software interfaces into clothing is becoming more streamlined and less gadget-like.
III. The Dervish Sound Dress
The Dervish Sound Dress is influenced by a sacred experience; the ‘turning’ practice of the Whirling Dervishes. The
term ‘Whirling Dervishes is a Westernized description of the Mevlevi Sufis in Turkey. Although the crux of Sufism is
an essential part of the tenets of how a dervish performs and behaves, associations of Sufism and the modern-day
Whirling practice of dervishes in Turkey is not a widely studied subject. The garment seeks to explore the
possibilities of engaging the wearer with an interactive experience using musical sound compositions, haptic
feedback and performance. The dress performs as an instrument that is an extension of the body and releases
information that the wearer provides.
The content is based upon the associations that the dervishes make when performing the sema which is a ritual
performance or dance. The sema ideally involves the use of poems and music to focus the listener’s concentration
on God and perhaps even induce a trance-like state of contemplative ecstasy. (Lewis, 2000). During a sema
performance, the Dervish begin their ‘turning’ very slowly; almost as though they are undetected. The hands start
3
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to spread out as one faces the heavens, the other points down to the earth, and the ‘turning’ begins as though their
skirts reflect the orbital patterns of the planets.
The overall design of the Dervish Sound Dress draws from the rich colors and textiles of the Ottoman period dating
from the mid-16th century. The lush, vibrant and contrasting colors of the textiles were commonly worn during this
period. Many entaris that were worn by the Ottoman Sultans were also appropriated by the dervish orders in Turkey
although their garments were far less ornate and detailed. The different layers of cloth are an important characteristic
of the diversity of Turkish traditional clothing. (Koç, 2011) The traditional garments worn by the Mevlevi consist of
an ensemble of a white jacket that is tied around the waist, a belt or sash and a large white circular skirt with long
trousers underneath. As the skirt opens during a ‘turning’ performance, the more magnificent the silhouette
becomes. The Dervish Sound Dress is designed using a pale blue jacquard and red under layer that is revealed
when the wearer performs in it and is opened to its highest position.
The construction of the dress involves using a variety of sensors that perform according to how the sound is
triggered by movement of the wearer. These determine the output based on the rotation of the dress using
gyroscopes, accelerometers which will measure the speed of the dress as it is turning and flex sensors that will
trigger sound when the arms are in certain positions. The progression of the dress corresponds to how the sound
elements evolve. The sound design component relies on using organic sound samples of the classic Turkish tambur,
an instrument that is often used during a sema performance. The samples have been recorded by a tambur musician
and manipulated in computer music design software creating ambient tones that resemble the classic instrument.
This gives the garment a unique edge by functioning as a computer digitized representation of a classic stringed
instrument that is activated by motions of the body. The sounds are triggered using algorithms created in Max
Cycling 74 software. These patches will detect a threshold of movement by the wearer before a sound is triggered.
Capturing the movement of the Dervish is the inspiration for how the dress initiates sound depending on the position
of the dress. In a performance setting, the starting position of the dress is while the performer’s arms are crossed
at the chest. As one arm unfolds and then the other, sounds are triggered until the performer begins to turn. As
speed of the turning increases, more sounds are triggered until the dress is fully opened allowing for a cacophony
of sounds to be emitted. The other essential design feature of the dress is using haptic vibration as a sensory
reverberation so that the experience of wearing and performing in the dress is more immersive and interactive. This
will be employed using haptic vibrating motors that will be triggered when sound is activated by the wearer’s
movement. Other components and sensors will include pressure pads on the bodice of the dress; when touched
these will also activate ambient sounds to accompany the melodic sounds output from the turning of the dress and
the arm movements. The dress is completely wireless enabling the performer in free, unrestrictive movement. The
sound is output through a loudspeaker system, but developments are being made to integrate the use of sound
output mechanisms on the dress itself. Further research on integrating smart textiles and conductive threads will
lead to conceptualizing possibilities of streamlining the design for a seamless integration of hardware and software
components for intuitive interface development of wearables in performance.
The dress is programmed using the Arduino microcontroller system which is attached to the belt section of the
dress. All the sound compositions are programmed using Max by Cycling ‘74.

Fig. 1. A selection of sensors used in the Dervish Sound Dress; from left to right: Flex sensor, accelerometer, pressure pad and
haptic vibration motor.
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Fig. 2. Design concept for the Dervish Sound Dress.

Sensor/hardware component

Description of Function

Flex Sensor Right(R) and Left(L)

Flex sensors in sleeves detect movement and produce sound when
sensor value reaches a certain threshold.
Sensors pre-programmed with ambient ‘pad’ sounds; when touched,
produce sounds.
The microcontroller is stored in the belt of the dress and programmed
wirelessly.
Detects the speed at which the dress opens triggering sound.

Touch Pad Right(R) and Left(L)
Arduino Microcontroller
Accelerometer
Gyroscope

Detects the position of the garment. Based on a defined threshold of
movement, sound is triggered.

Table 1. Description of sensor and microcontroller functions and placement in the dress

IV. Final Remarks
The essential features that enable the Dervish Sound Dress to perform use haptic feedback, computer music sound
design and religious or metaphysical influences for a transcendental experience through performance are a
combination of elements that have not yet been thoroughly explored in the realm of wearable and fashionable
technologies or in performance. The dress is influenced by the classic Ottoman Turkish textiles and layers of fabric
and appropriates the sacred experience of the Mevlevi dervishes and the sema performance. It is a commentary
on how wearable technology can be seamlessly integrated for a meaningful interactive experience for the wearer
that expresses sound through gestural movement and performance.
The possibilities for further development in this field using computer music, technology and fashion design can
provide a platform for developing garments that induce or enhance emotional responses while wearing a garment
that transmits sound vibrations.
After a pilot study has been directed in a performance setting where participants can trial the dress, experiments
will be conducted as to how the sensors will work in real time with the different movements of the dress. Feedback
from performers will be essential in refining how the dress will work against the body and movement. Based on
these conclusions, adapting the design of the dress will determine the intuitive interface development and integration
of the hardware and textile.
The significance of this research could have an impact on future developments of wearable technology. The
realization of what wearable technology can provide in fashion design using sound is still developing. Further
research could examine the possibilities of using this garment for beneficial effects for persons suffering from
emotional or mental anxieties, or for anyone in general. The way in which sound and music benefits brain activity
has been proven, and a garment such as this could be further developed for a more intimate and emotional piece
of technology that can be worn by anyone.
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Further research will explore how the development of a garment using intelligent textiles can serve a purpose
outside the context of performance and artistic expression. Appropriating a scared tradition such as the Mevlevi
practice of the sema, bases its focus on the performance aspect of the tradition. However, the development and
innovations in fashionable wearable technologies can investigate the use of such a garment for a more personal
and interactive wearable experience. The future of fashionable garments using wearable technology such as the
Dervish Sound Dress can be built with much more enhanced technological capabilities. These innovations could
further explore how the garment would function as an extension of the body; as an instrument, capable of
autonomously making musical compositions by using gestures. The garment would be a seamless integration of
technology and fashion design.
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Abstract:
Using textile structural composites improves day by day in various industries due to their high specific strength and modulus,
good fatigue and corrosion resistance. The most important reasons for the increased use of textile structural composites are the
increased expectations for product performance and demand for lightweight materials in global markets. Rapid economic
growth, urbanization, rising in population and welfare level lead to an increased amount of waste production. In Turkey, the
annual average of solid waste is 25 million tons and 20% of this waste consists of packaging waste. In this study, a new
sandwich material was developed for construction applications with low cost and high performance by using box wastes as core
and E-Glass woven fabric as sheet materials. The mechanical properties were investigated by 3-point bending test and their
impact behavior was compared after low-velocity impact tests in different energy levels. The core material had a negligible
bending strength. The bending load of sandwich composites was dramatically higher than those of face material. Low-velocity
impact results showed that absorbed energy and damaged area increased with increasing impact energy level. It could be
concluded that the developed sandwich composites absorb more energy with small damaged areas and therefore can be
considered as damage resistant materials for constructional applications as door and siding. The thermal insulation properties
of these new sandwich composites will be also investigated in future researches.
Keywords: Sandwich composites, packing-waste, E-Glass/epoxy composites, bending strength, impact resistance.

I. Introduction
Textile structural composites have been used in many industrial areas since 1940s, mainly due to developments in
thermoset-based polymers, from aerospace to automotive. This is because; lightness, high strength and modulus
values, high fatigue resistance and corrosion resistance, as well as the production of parts in complex geometric
shapes (Hoa, 2009). Composites are used extensively in construction industry, from prefabricated houses to
bridges (Kaya, 2016). The most used areas of composite materials in construction industry are facade cladding
panels and siding applications. Facade claddings can be produced as single-walled or double-walled panels and
polyurethane foam can be used for insulating purposes in core part of sandwich composites (Kaymakcı, 2014).
Sandwich composites are designed by placing a different material between two layers in a different form. These
structures consist of a thick and low density core material between thin and stiff faces. Core materials include
foams and aluminum, Nomex and polypropylene (PP) structures in honeycomb or corrugated forms (Ratwani,
2010). Honeycomb sandwich constructions are used in where high mechanical strength is required (Yıldız et al.,
2017; Chandradass at al., 2008). Some detailed studies were performed by researchers about the mechanical and
impact properties of sandwich composites. Cabrea et al. (2008) produced sandwich composite by combining PP
cores with PP faces in the tubular unit cell structure. It has been stated that PP/PP sandwich composites exhibit a
more ductile behavior and bending strengths of these structures are lower compared to E-glass/PP constructions.
Xu et al. (2016) produced sandwich composites comprising cores in a wavy beam structure. Sandwich composites
showed face wrinkling-based failure under bending load which caused by the insufficient core resistance. Lascoup
et al. (2006) developed a sandwich composite that consists of the PU foam core structure with E-glass faces in
which the structure is reinforced by an angular stitching through-the- thickness. It is emphasized that the process
parameters such as stitching density and stitching width are important. Brandt et al. (1996) reported that 3D
reinforced sandwich composites exhibit a high potential for damage tolerance and energy absorption capability.
The mechanical performance of these materials has been influenced by the design parameters. However, it has
been emphasized that the crimp caused by weaving process is also an important factor for the mechanical
properties. Guan et al. (2014) studied both the experimental and the numerical effects of stitching on the ballistic
performance in sandwich composites. The results showed that the stitching had no significant effect on the ballistic
strength of the sandwiches. Meo et al. (2005) produced sandwich composites by using Nomex honeycomb core
and carbon/epoxy faces. The impact strength of the sandwich composites measured under different energy levels.
The energy absorption of Nomex honeycomb was eight-times higher than that of the carbon/epoxy faces.
The common feature of commercially produced core materials is their high cost. Nowadays, there is a growing
interest in waste-based composites because of the strong need for new low-cost materials which also contribute to
recycling. Rapid economic growth, urbanization, rising in population and welfare level lead to an increased amount
of waste production. In Turkey, the annual average of solid waste is 25 million tons and 20% of this waste consists
of packaging waste. The amount of packaging placed on the market is 2.5 million tons per year in Turkey. The
1

49

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

recycled amount of packaging is about 2 million tons (Yetim, 2014). It could be stated that there is a successful
recycling of packaging waste. However, there is not any effort on manufacturing high value added products using
these wastes. The novelty of this study is using box wastes as core materials of sandwich structures with
E-glass/epoxy faces to obtain low-cost, high-performance and recycled sandwich composites for construction
applications.
II. Experimental Part
Manufacturing of sandwich composites
E-glass twill (2/2) woven fabric made from 300 tex fibers was used as face materials of sandwich composite. The
areal weight of fabric was 288 g/m 2 and the thickness of fabric was 0.34 mm. The warp/weft density of fabric was 6
ends/10 cm. A corrugated cell type box waste was used as core material. The areal density of box was 0.59 kg/m 2
and the thickness of box was 6.20 mm. Sandwich composites (SC) are produced according to the hand lay-up
method using epoxy resin (Hexion, MGS LR160) and hardener (Hexion MGS LH160) in the ratio of 100/25. Curing
occurred at 20°C for 24 hours. Fig. 1 shows the production stages of the sandwich composite. For sandwich
composite production, the waste box (C) was firstly cut to dimensions of 30x30 cm. E-glass woven fabric are cut in
the same dimensions as 4 layers for each faces (F). Teflon films were used on both surfaces for easy releasing of
composite. Fig. 2 shows the view of produced box waste/E-glass/epoxy sandwich composite.

Fig. 1: Production stages of the sandwich composite. Fig. 2: The view of produced box waste/E-glass/epoxy sandwich
composite.

Density and fiber fraction tests
Density measurements of sandwich composites were performed according to ASTM D792-13 by using a density
meter (Precisa®, XP205). The composite fiber fraction was measured by burn-off test of ASTM D3171-15 at 650°C
for 2 hours.
Bending strength test
Bending properties of sandwich composites were performed according to 3-point bending test method. The
bending tests of the sandwich composites were performed on a Zwick-Roell tester. The dimension of the test
specimen was 75 mm x 250 mm. The support span length was 200 mm and the test speed was 6 mm/min. Fig. 3
shows the views of core, face and sandwich composite during bending test.

Fig. 3: The views of core, face and sandwich composite during bending test.

50

2

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Impact test
Drop-weight impact tests were performed at four different energy levels as 5J, 10J, 20J, 30J and 50J according to
ASTM D7136 using a CEAST 9350 impact tester. The specimen size was 100 mm x 150 mm. The mass of
hemispherical impactor was 5.05 kg and the diameter of impactor was 12 mm. The illustration of impact test
machine was given in Fig. 4. Peak force and peak deformation values were obtained from impact test. Absorbed
energy was calculated by software automatically. After impact test, the front and back face damaged area
measurements were conducted on image processing software (BAB Bs200Doc, Turkey). The dent depths of
sandwich composites were also measured after impact tests as shown in Fig. 4.

Fig. 4: The illustration of impact test machine (a) and dent depth measurement (b).

III. Analysis
The bending strength (1), modulus (2) and strain (3) of sandwich composites were calculated according to the
formulations of ASTM D790-90 which are given below:
S  3PL / 2bd 2
(1)
E  L3m / 4bd 3
(2)

(l1  l0 ) / l0 
l / l0
(3)
where; S is the stress in the outer fibers at mid-span (N/m2), P is the load at a given point on the load-deflection
curve (N), L is the support span (m), b is the width of beam tested (m), d is the depth of beam tested (m), E is the
modulus of elasticity in bending (N/m 2), m is the slope of the tangent to the initial straight-line portion of the
load-deflection curve (N/m) of deflection. ɛ is the bending deflection (%), Δl is the elongation (m) and l0 is the initial
length (m).
The core shear strength (4) and facing stress (5) of sandwich composites were calculated according to the
formulations of ASTM C393 which are given below:
Pmax
Fsult 
(d  c) b
(4)


Pmax S
2t (d  c) b

(5)

ult

where; Fs is the core ultimate strength (MPa), Pmax is the maximum force prior to failure (N), t is the nominal
facing thickness (mm), d is the sandwich thickness (mm), c is the core thickness, b is the sandwich width (mm), σ is
the facing stress (MPa) and S is the span length (mm).
The absorbed-energy was calculated by software of impact tester according to formulation (6):
1
m ( i 2  r 2 )
2
(6)
where; EA, is absorbed-energy (J), m is the impactor mass (kg), vi is the velocity of impact (m/s) and vr,
rebounding velocity (m/s).


EA

IV. Results and discussions
The density, thickness and fiber fraction results of core, face and sandwich composites are presented in Tab. 1.
The thickness of sandwich composite was higher than those of the core and face materials as excepted. The fiber
volume fraction of E-glass/epoxy face composite was not high because of using hand lay-up method. And also, the
void content of E-glass/epoxy face composite was quite high due to the hand lay-up method. Both fiber volume
fraction and void content had obvious effects on the mechanical properties of composites. Density of core material
was lower than those of E-glass/epoxy face composite and sandwich composite, as expected. Sandwich
composite showed quite low density and areal weight which provide high specific strength.
3
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Tab. 1: The density, thickness and fiber fraction results.
Material
type
C
F
SC

Thickness
(mm)
6.20 ± 0.08
1.88 ± 0.06
9.73 ± 0.07

Density
(g/cm3)
0.15 ± 0.03
1.49 ± 0.09
0.62 ± 0.02

Areal weight
(kg/m2)
0.59 ± 0.04
2.68 ± 0.11
6.59 ± 0.16

Fiber volume fraction
(%)
41.40 ± 0.78
-

Void content
(%)
5.00 ± 0.492
-

Bending test results and core shear test results of sandwich composites are presented in Tab. 2. Fig. 5 shows the
load-extension behavior of sandwich composites. As seen in Fig. 5, the maximum bending load of sandwich
composite was about 19 times higher than the core material and about 6.5 times higher than the E-glass/epoxy
face composite. The packaging-waste/E-glass/epoxy sandwich composite was failed by buckling of the panel after
bending load which was generally caused by insufficient panel thickness and core stiffness. E-glass/epoxy face
composite showed a more ductile bending behavior compared to the sandwich composite which confirmed by the
deflection value. This was probably due to the high support span length of bending test. However, E-glass/epoxy
face composite showed a considerably higher bending strength compare to sandwich composite. The bending
strength of core material was negligible.
Tab. 2: Bending test results and core shear test results of sandwich composites.
Material
type

Load
(N)

Deflection
(%)

C
F
SC

31.20 ± 0.29
91.88 ± 6.28
587.75 ± 18.32

180.79 ± 35.45
2495.96 ± 119.54
55.31 ± 3.24

Bending
strength
(MPa)
3.19 ± 0.08
103.27 ± 6.51
24.70 ± 0.78

Core shear
strength
(MPa)

Facing stress
(MPa)

0.49 ± 0.01

26.06 ± 1.45

-

-

Fig. 5. The load-extension behaviour of sandwich composites.

The bending test results of developed sandwich composite was compared with a produced sandwich composite in
literature by using woven glass/PP fabric as face and a 80 kg/m 3 PP honeycomb as core material (Cabrera et al.,
2008). The core shear strength of packaging-waste/E-glass/epoxy sandwich composite was 0.49 MPa while the
core shear strength of woven glass/PP-honeycomb sandwich composite was 0.14 MPa. These results indicated
that the core shear strength of packaging-waste/E-glass/epoxy sandwich composite was about 3.5 times higher
than
that
of
woven
glass/PP-honeycomb
sandwich
composite.
The
facing
stresses
of
packaging-waste/E-glass/epoxy sandwich composite and woven glass/PP-honeycomb sandwich composite were
26.06 MPa and 30 MPa, respectively. Considering the price/performance properties of both sandwich composites,
it is possible to achieve the similar performance properties with 30% low-cost by using waste box.
Tab. 2 presents the impact test results of sandwich composites for 5J, 10J, 20J, 30J and 50J. Fig. 6 shows the
force-time, force-deformation, energy-time histories of the sandwich composites. Peak force values of sandwich
composites were varied from 1782.99 N to 4889.75 N. The peak forces of sandwich composites increased with
increasing impact energy levels. At 50J impact energy, the sample was fully perforated. At 30J impact energy, the
sandwich composite was partly perforated in which the front face and core were fully perforated while the back face
had a severe damage. Since the sandwich composites were perforated at 30J and 50J, their force-time histories
were different from those of the 20J, 10J and 5J impacted samples. As seen in Fig. 6(a), there were two-peaks
were obtained in force-time history of sandwich composites. In peak-1, some matrix-cracks, minor fiber breakages
and fiber-matrix delaminations were probably occurred. After that the peak force could be reached to its maximum
value which defined as peak-2.
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Tab. 5: The impact test results of sandwich composites.
Impact
energy

Velocity
(m/s)

Peak
deformation
(mm)
7.53
10.22
14.78
16.85
19.29

Peak force
(N)

5J
1.43
10J
2.02
20J
2.85
30J
3.49
50J
4.51
* pf: partly perforated
** fp: fully perforated

1782.99
2466.13
4507.07
4475.89
4889.75

Absorbed
energy
(J)
1.48
5.62
11.64
27.79
41.45

Damaged area
(mm2)
Front face
Back face
90.36
189.71
288.61
58.29
287.12 (pf*)
214.55 (pf)
267.82 (fp**)
315.24 (fp)

Dent depth
(mm)
0.25
0.71
1.57
5.05
10.73

Peak deformation values of sandwich composites were varied from 7.53 mm to 19.29 mm. Peak deformation
values also increased with increasing impact energy levels which indicated that the sandwich composites showed
more deflection at higher impact energy levels. The absorbed energy values of sandwich composites were varied
from 1.48J to 41.45 J. As shown in Fig. 6 (c), sandwich composite showed an energy-drop from 5J to 30J energy
levels after achieving the peak force because of the elastic-recovery. However, there was no an energy-drop at 50J
as a consequence of fully perforation that did not give any chance to elastic-recovery of the sandwich composite.

Fig. 6. Force-time (a), force-deformation (b), energy-time history of sandwich composites.

Fig. 8 (a) shows the damaged areas of sandwich composites on both front and back faces after impact test by
considering the peak loads. As seen in Fig. 8 (a), damaged areas generally increased by the increase in impact
energy levels. There were no damaged areas observed on back faces of the sandwich composites at 5J and 10 J
impact energy levels while the sandwich composite showed a small back face damaged area at 20 J. The front
face damaged areas and peak forces of sandwich composites at 20 J and 30 J impact energy levels were almost
same while the sandwich composite showed a 3.7 times higher back face damaged area at 30J. This was due to
the partly perforation occurred on front face of sandwich composite at 30J. It was concluded that the impact
damage threshold of sandwich composite was 30J. At this impact energy level, sandwich composite showed a
permanent deformation which partly occurred on the front face. Fig. 8 (b) shows the dent depths of sandwich
composites after impact test by considering the absorbed energy. The dent depths of sandwich composites
increased with impact energy levels. The more damage in sandwich composite caused the more energy absorption,
as expected.
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Fig. 7: Damaged area-peak force (a), dent depth-absorbed energy (b) of sandwich composites.

Fig. 8 shows the views of front and back face damaged areas of sandwich composites. Impact load caused
multiple-fiber-breakages and severe fiber/matrix delaminations on front face. Besides these failures, the fiber
pull-out was observed at the back faces of sandwich composites. It can be concluded that the core material
restricted the damaged area and increased the energy absorption of the sandwich composites which resulted as
relatively damage resistant materials.
5
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Fig. 8: Front and back face damaged area views of sandwich composites.

V. Conclusions
A novel packaging-waste/E-glass/Epoxy sandwich composite was developed and its bending and impact
properties were investigated. This sandwich composite had an important contribution to recycling process of
packaging wastes in a different perspective. The packaging-waste/E-glass/epoxy sandwich composite showed
quite low density and areal weight which provide high specific strength. The compatible bending test results were
obtained compared to literature with quite low-cost. The maximum bending load of sandwich composite was about
19 times higher than the core material and about 6.5 times higher than the E-glass/epoxy face composite. The
bending load caused a panel buckling type failure on the sandwich composite which was probably caused by the
insufficient panel thickness and core stiffness. The peak forces, peak deformations and absorbed energy values of
sandwich composites increased with increasing impact energy levels. Because of the fully-perforation at 50J, there
was not any elastic-recovery occurred. The damaged areas and dent depths of sandwich composites were
generally increased by the increase in impact energy levels, as expected. The more damage in sandwich
composite caused the more energy absorption. The impact damage threshold of sandwich composite was
determined as 30J in which the sandwich composite showed a partly-perforation on its front face. It can be
concluded that the core material restricted the damaged area and increased the energy absorption of the sandwich
composites which resulted as relatively damage resistant materials. Using thicker box as core material and filling
the cells of box with rigid foams to overcome the buckling type failure and to increase the damage tolerance of
sandwich composite could be the subject of future work. By this way, it could be possible to contribute the potential
thermal and sound insulation properties of sandwich composites especially using as siding components in
constructional applications.
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Abstract:
The flexure properties of nanostitched and nanoprepreg based three dimensional (3D) carbon/epoxy composites were studied.
Stitching and nano as well as both stitching and nano slightly improved the bending strength and modulus of stitched and
stitched/nano composites. The flexure failure of the base and base/nano structures was matrix and fiber breakages and large
delaminated areas, whereas the stitched and stitched/nano composites had lateral matrix-multiple warp and stitched yarn
breakages, and the delaminated areas were confined at the small area. The result showed that the introducing the stitching fiber
and multiwall carbon nanotubes in the base structure improved its out-of-plane failure properties as a form of restricted
delamination. Therefore, the stitched/nano composites could be considered as damage tolerance material.
Keywords: Carbon nanotubes, PAN carbon fiber, para-aramid fiber, nanoprepreg, nanostitching, mechanical properties.

I. Introduction
Textile structural composites have been used in space-aerospace and industrial end-uses due to their high damage
tolerance properties (Kamiya et al., 2000). However, they suffer delamination. In order to develop a delamination
free structure, Z-directional preforms were developed by three dimensional (3D) weaving (Bilisik, 2012), 3D braiding
(Bilisik, 2013), and stitching techniques (Tong et al., 2002, Bilisik and Yolacan, 2014). Recently, nanosphere, single
wall or multiwall tubes were employed in fiber composites by dispersing the nano in the resin using various
techniques such as shear mixing, ultrasonication and transfer-printing (Garcia et al., 2008, Khan and Kim, 2011).
Stitching improved the tensile and flexural properties of the two dimensional (2D) woven composite through the
distribution of the stress among the layers (Bilisik, 2011, Kang and Lee, 1994). It was demonstrated that higher
stitch density was better at impeding delamination growth by arresting cracks at closer interval and suppressing
crack propagation (Tan et al., 2012).
In single wall carbon nanotubes (SWCNTs) and multiwall carbon nanotubes (MWCNTs), sampling, size, surface
area/volume, density, crystallinity and purity are considered important material parameters (Iijima, 1991). The
higher degree of particle clustering led to lower modulus of the nanocomposites (Wang et al., 2011). A method was
employed to functionalize MWCNTs based on the silanization reaction for use in nanocomposites. The dispersion of
silane functional MWCNTs in the epoxy was improved (Ma et al., 2006). The objective of this study was to develop
nanostitched and nanoprepreg carbon/epoxy nano composites and to experimentally examine the flexural
properties of those structures.
II. Experimental Set-up and Procedure
Nanoprepreg and Nanostitched carbon/epoxy 3D nanopreform and nanocomposite
Polyacrylonitrile (PAN) carbon woven fabrics (Spinteks A.S., TR) were utilized to make multi-stitched 3D
nanopreform. The carbon fiber, epoxy resin and carbon fabric specifications are presented in Table 1. Table 2
shows the MWCNTs specifications in the study.
Tab. 1: Specifications of fiber, resin and carbon fabric substrates.
Fiber
Fiber type

Fiber
diameter
(µm)

Polyacrylonitrile
(PAN)
carbon
(12K, A-42, no twist,
AKSACA, TR)

6.0

Fiber density

Tensile
strength

Tensile
modulus

Elongation
at break

Melting
temperature

(g/cm3)

(GPa)

(GPa)

(%)

(⁰C)

1.78

4.20

240

1.8

1200>

1
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Resin
Epoxy
(Araldite LZ 5021,
Biesterfeld Spezialchemie
GmbH, DE)
Fabric
Fabric
Fabric Weave
treatme
label
nt

-

1.0-1.2

Yarn linear
density

CS
(Carbo
n
fabric)

Satin
(1/4)

3.3-3.4

Fabric density Fabric area
weight

(tex)
DO12,
standar
d epoxy
coating,
1.0-1.5
%

0.78-0.82

(per 10 cm)

Warp

Weft

Warp

Weft

800

800

38

38

5.0-8.5

Yarn crimp

Fabric
thickness

(%)

(mm)

(g/m2)
Warp

Weft

0.36

0.20

585

110-119

0.98

Tab. 2: Specifications of multiwall carbon nanotubes (MWCNTs) (www.nanothinx.com/raw-cnts-in-powder-form, Lehman et al.,
2011).
Nanomaterial

Particle
dimensions
(diameter x length
x wall thickness)

(nm x micron x nm)
Nanocarbon
tubes
(MWCNTs,
Nanothinx,GR)

15-35 x 10≥

x 1-2≥

Molecular
weight

Surface
area

Purity

Density

(g/mol)

(m2/g)

(%)

(g/cm3)

12.01

>100

≥97

1.74

Tensile
strength

Tensile
modulus

(GPa)

(TPa)

200

1.0

Melting
temperature

(°C)
3550

Basically, four types of carbon structures were developed: 1) base (CSU), in which CSU was a four layer carbon
satin (1/4) woven structure; 2) stitched (CS-TS), in which CS-TS was four layer satin(1/4) woven, one-directionally
Twaron CT stitched in warp (0°) structure; 3) base/nano (CSU-N) in which it was four layer satin(1/4) woven
structure with added MWCNTs; 4) stitched/nano (CS-TS-N). When the MWCNTs were added to the stitched
structure which is described above, it was defined as stitched/nano structure. One-directional stitching was made
on the layered woven structures using the Twaron CT stitching yarns as shown in Figure 1(a) and (b). The stitching
yarn properties are provided in Table 3.

Fig. 1: (a) Para-aramid Twaron CT multi-stitched 3D carbon preform and (b) carbon/epoxy composite.

Fiber type

Twaron CT
(Para-aramid fiber, Teijin, JP)

Tab. 3: Specifications of untwisted stitching yarn.
Fiber
diameter

Fiber
density

Tensile
strength

Tensile
modulus

Elongation
at break

(µm)

(g/cm3)

(GPa)

(GPa)

(%)

12

1.45

3.2

115

2.9

Yarn
linear
density
(dtex)
3360

Stitched/nano 3D carbon preforms were consolidated to make stitched/nano 3D carbon composites. Figure 2
shows processing step of the stitched 3D carbon/epoxy preform and composites. MWCNTs (0.03125, %wt.,
Nanothinx, GR) were added to epoxy resin (Araldite LZ 5021, Biesterfeld Spezialchemie GmbH, DE). In order to
conduct pre-mixing to prevent possible heterogeneous dispersion and early agglomeration, they were stirred by a
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magnetic mixer (Wisestir ®, Witeg, DE) at 240 rpm for 15 minutes. Then, the resin/carbon nanotube solution was
mixed in an ultrasonic bath (200 watt, 40 KHz, DAIHAN/WiseClean®, WUC-A03H, KR) at 25°C for 120 minutes.
Therefore, a highly homogenized resin/nano mixture was obtained. Aradur LZ 1571 (15.22, %wt., Biesterfeld
Spezialchemie GmbH, DE) as hardener and Accelerator 1573 (1.67, % wt., Biesterfeld Spezialchemie GmbH, DE)
as catalyzer were added to the resin/nano mixture. After, this the mixture was gently stirred by a glass rod, and
then mixed by a magnetic mixer at 250 rpm for 15 minutes to get a homogeneous mixture. The mixture (matrix)
was again vacuumed under 0.1 MPa pressure for 5 minutes. We first of all made the carbon/epoxy carbon
nanotube prepreg fabrics and yarns and then they were consolidated for the composite. The matrix was applied to
the carbon fabric by the hand layup method under atmospheric conditions. It was put in the shelf of an oven (Binder,
DE) to pre-cure at 90°C for 10 minutes in order to obtain the prepreg nanocarbon fabric. The same procedure was
also applied to the para-aramid stitching yarns to make prepreg yarns. The prepreg nanocarbon fabric was layered
as a [0°/90°]4 sequence. The four layered prepreg nanocarbon preform was manually stitched by para-aramid nano
stitching yarn using an in-house developed apparatus in order to make the stitched/nano composite. Stitching
density was 1 step/cm. The distance between the adjacent stitching lines was 1 cm. The stitched prepreg
carbon/epoxy carbon nanotube preform was put in a mold, and the mold was wrapped with Teflon film (FDM 2100,
DuPont, USA) for easy demolding after curing. The mold was cured using a hot press (Climax, TR) under 0.6 MPa
pressure (6 bar) and at 150°C for 15 minutes. After that, the mold was left in the press to cool until the temperature
was gradually decreased to 40°C. Then, the stitched carbon/epoxy carbon nanotube composite was removed from
the mold.

Fig. 2: Processing steps of multi-stitched 3D carbon/epoxy prepreg preform and composite.

Flexural test
The three point flexural test of the composite structures was performed on a Shimadzu AG-XD 50 (Japan) tester
equipped with Trapezium® software with a 5kN loading cell based on ASTM D790-10 as shown in Figure 3. The
bending testing speed was 1.3653 mm/min. The test dimensions were 12.7 (width) × 130 (length) mm. The L/d
(support span length/thickness) ratio was 32/1. The bending load applied to each sample was the warp (0˚,
lengthwise) direction.

Fig. 3: (a) Shimadzu AG-XD 50 tester with flexural test sample; (b) flexural fixture with sample at initial state.
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IV. Results and discussions
Density and fiber volume fraction
The density and fiber volume fraction results of base (CSU), stitched (CS-TS), base/nano (CSU-N) and
stitched/nano (CS-TS-N) composites are presented in Figure 4. As seen in Figure 4, the densities of the developed
structures varied from 1.48-1.55 g/cm3 and the average density was 1.50 g/cm 3. The measured total fiber weight
fractions (Vtfw) of all structures varied from 60.09-70.76% and the average total fiber weight fractions was 64.20%.
The measured stitching fiber weight fractions (Vsfw) of stitched and stitched/nano structures varied from 1.17-1.30%
and the average stitching fiber weight fraction was 1.44%. The void contents (weight base, Vc) of all structures
varied from 0.42-1.30%. These results were considered assuming that all structures were made in defect free
processing conditions from preform preparation to consolidation.
1.56
Fiber fraction

90

Density
1.54

80
70

1.52

60

1.5

50
40

1.48

30
20

1.46

10
0

Measured density (g/cm 3)

Total fiber (weight) fraction (%)

100

1.44

CSU

CS-TS

CSU-N

CS-TS-N

Base

Stitched

Nano

Stitched/Nano

Composite structures

Fig. 4: Fiber volume fraction and measured density of developed nanostitched 3D carbon/epoxy MWCNTs composites.

Flexural strength
Figure 5 shows the average flexure strength values of all the developed carbon/epoxy MWCNTs composites. The
flexure strength of the base (CSU), the base/nano (CSU-N), the stitched (CS-TS) and the stitched/nano
composites varied between 605.52-732.62 MPa. The bending strength of the p-aramid stitched/nano satin 1/4
(CS-TS-N) composite was 4.62% higher for stitched (CS-TS) and was 13.34% lower for base (CSU). In addition,
the flexure strength of base/nano (CSU-N) was 2.62% lower than that of the base (CSU). It was realized that
stitching and probably MWCNTs slightly increased the bending strength of all the stitched and stitched/nano
composites.
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Fig. 5: Flexure strength of various developed carbon/epoxy MCNT composites.

Flexural modulus
Figure 6 shows the average flexure modulus values of all the developed carbon/epoxy MWCNTs composites. As
shown in Figure 6, the flexure modulus of the base (CSU), the base/nano (CSU-N), the stitched (CS-TS) and the
stitched/nano (CS-TS-N) composites varied between 42.09-54.89 GPa. The flexure modulus of the p-aramid
stitched/nano satin 1/4 (CS-TS-N) composite was 8.33 % higher for stitched (CS-TS) and was lower (28.91%) for
base (CSU). In addition, the flexure modulus of base/nano (CSU-N) was 19.00% lower than that of the base (CTU).
It was realized that stitching and MWCNTs slightly affected the bending modulus of all the stitched and
stitched/nano composites.
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Fig. 6: Flexure modulus of various developed carbon/epoxy MCNT composites.

Flexural fracture
Tension side of the base (CSU) and base/nano (CSU-N) structures had lateral warp breakages and intra-layer
opening between warp and weft fibers. Compression side of the base (CSU) and base/nano (CSU-N) structure had
also lateral matrix and fiber breakages. In cross-section of the CSU, brittle tensile failures and large delaminated
areas were obtained. Layers were angularly sheared in the out-of-plane direction. Tension side of the base/nano
(CSU-N) had catastrophic layer-to-layer delamination and complete and partial layer breakages, whereas the
stitched/nano (CS-TS-N) structure had outwardly limited layer failure. Layer-to-layer delamination was locally
spread around the broken loop part of the p-aramid stitching yarn region. The out-of-plane directional stitching fiber
acted as if delamination barrier around the region.
V. Conclusions
Nanostitched carbon/epoxy nano composites were developed and their flexure properties were investigated. The
stitching and multiwall carbon nanotubes adding in the base structures slightly increased the flexure strength and
modulus of all the stitched and stitched/nano composites. However, we did not obtain the consistent results at all
the stitched, nano and stitched/nano composites. The flexure failure in the tension side of the base and base/nano
structures was matrix and fiber breakages and interlayer opening and large delaminated areas, whereas the
stitched and stitched/nano composites had lateral matrix-multiple warp fibers and partial p-aramid stitched filament
breakages, and the delaminated areas were restricted. The result showed that the addition of the stitching fiber and
multiwall carbon nanotubes in the base structure improved the out-of-plane failure properties as a form of restricted
delamination and could be considered as damage tolerance material.
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Abstract
Sound absorbing materials are widely used to provide acoustic comfort in indoor places. Nowadays, many types of sound
absorbing materials have been developed and mineral and polymer based natural, artificial and synthetic materials are used for
the development of these materials. An important group of sound absorbing materials are the materials which have a porous
structure. The most important part of these materials is the fibrous and cellular materials. This study is about the production of
nonwovens from chicken feathers which have a cellular interior. In this way, it is possible to combine the properties of both
cellular and fibrous materials. In this study, thermal bonding method was used to produce a nonwoven surface from chicken
feathers for sound insulation. Polyester based bicomponent fiber was used to connect the fibers together. The bicomponent
fibers were mixed with the chicken feathers at specific ratios to produce nonwoven surfaces with hot pressing method. The
samples were rested under normal atmospheric conditions for 48 hours and samples were prepared to measure the sound
insulation parameters in the impedance tube. The measurements were performed according to the standard and each sample
was measured in single, double and triple layers to see how the sound insulation parameters changed depending on the material
thickness. Examination of sound absorption parameters revealed that the developed material has the ability to absorb sound at
high frequencies like all porous materials. Two and three layer samples showed the good results in terms of sound absorbing
properties at medium and low frequencies. Developed materials are cheap and easy applicable materials and also light.
Production of these materials from waste raw materials show that these materials are so attractive.
Keywords: chicken feather fibers, sound absorption materials, nonwoven, sound insulation, microporous materials,
microcellular materials.

I. Introduction
Industrialization has caused significant environmental problems with all its positive aspects, one of which is the
problem of noise. The noise affecting human life negatively affects not only the temporary or permanent effects
on the sense of hearing but also the physiological and psychological effects. Especially in enclosed spaces, it has
become important to provide acoustic comfort in transport vehicles such as airplanes, cars and train wagons.
Numerous methods have been developed to remove the adverse effects of noise on human health. One of these
methods is the developed and application of sound absorbing materials which can be used to provide acoustic
comfort in closed spaces.
Today, mineral and polymer based natural, artificial and synthetic raw materials are used much more in the
production of materials with sound absorbing properties (Yang and Yu, 2011). Nonwoven surfaces, which have a
fibrous microporous content, have a special and widespread use among these materials. The fact that it is cheap
enough and produced with wide range are the greatest advantage of these materials. In recent years, the use of
nonwoven surfaces with different contents for the purpose of sound insulation has become widespread and these
materials are also used in the production of acoustic ceilings, protective barriers and other sound insulation
surfaces.
1
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Researches have shown that some properties of nonwovens may be more important in terms of sound insulation.
For example, nonwoven surfaces which are mostly composed of fine fibers and arranged irregularly, have more
sound absorption properties (Lee and Joo, 2003). It is also known that nonwoven surfaces formed from fibers with
large surface area absorb better sound than others (Narang, 1995). Research has shown that double-porous
materials have better sound absorbing properties. Especially materials with micro pores exhibit higher absorption
ability in the wider sound diaphragm (Boutin et.al. 1995, Boutin et.al. 1998, Dazel et.al., 2012).
Because of the chicken feather fibers with a 5-80μm have microporous internal structure, nonwoven surfaces
produced from these fibers have high insulating properties. Chicken feather fibers obtained by mechanically cutting
of the fibers from the rachis part are not yet commercialized raw materials, they are available for nonwoven surface
production. However, there is very little literature about the production of nonwoven surfaces from bird feather fibers.
In a study, information was given on the production of nonwoven surfaces within the laboratory by thermal bonding
of duck feather fibers (Xiangyu et.al., 2013). In several studies, nonwoven surfaces were produced from chicken
feather fiber by mixing with other fibers (Fan, 2008, Wrześniewska et.al., 2012).
The investigations have shown that chicken feather fibers have a microporous microstructure (Meyers et.al., 2010).
In Fıgure 1, SEM pictures of chicken feather fibers researched from us is given. The presence of porous spaces in
fibers provide macro and micro pores in the fibers. This means that there is a more energy loss during voice
transmission.

Figure 1. SEM image of chicken feather fiber

This study deals is about with production of nonwoven surfaces by thermal bonding method from chicken feather
fibers for sound insulation.

II. Experimental Set-up and Procedure
Material
Chicken feathers
In study, chicken feathers obtained from ‘Tad Piliç’ company in Gaziantep in Turkey was used. The feathers was
washed in laboratory and, disinfected and dried. The fibers were produced from dried feathers with special machine.
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Binding material
Chicken feather fibers can’t hold together due to its structure. In our past studies, we saw that the length of the
fibers obtained chickens grown in different regions in Turkey vary between 10-35mm and proportion of long fibers
were low. For this reason, the thermal binding method has been chosen as the most suitable method for the
production of nonwoven surfaces from chicken feather fibers. At the end of the TGA and DSC anaylzes, we have
shown that these fibers are sufficiently sensitive to heat and porous internal structure can be deteriorated under
high temperature. For this reason, polyester-based polypropylene coated bicomponent fibers which melt at low
temperatures have been used as binders in the study. The melting temperature of these fibers is 120 ºC

and the

process temperature is 130ºC.
Method
Formation of texture from chicken feather fibers
The production of nonwoven surfaces from chicken feather fibers is carried out with three steps: formation of fiber
and binder polymer mixture, formation of texture and fixation of texture. Specially designed vacuum laying
equipment was used to create a homogenous surface. In Figure 2a, the surface laid with the aid of this equipment
is given.

Figure 2. Production of sample from chicken feather fibers

Production of nonwoven surfaces from chicken feather fibers
According to the ration of preliminary experiments, the fiber and polymer material were weighed and mixed on a
precision scale and placed in 16x16cm metal molds and placed in a hot press machine. Thanks to metal molds,
press machine pressure and sample thickness were fixed and samples which were different volumetric density and
porosity were obtained. The pressing time was determined according to the internal temperature of the sample. A
thermal data logger was used for this purpose. After pressing, the samples were cooled by putting in the cooling
part of the same press, then left to rest for 48 hours under normal ambient conditions. The picture of the sample
produced in Figure 2b is given.
Production of samples for experimental studies
In the study, samples were produced from three different densities. The produced samples were put in a climate
cabin under normal ambient conditions (22ºC, 65% relative humidity), then thickness and weight of the samples
were measured and surface and volume weight and porosity calculated according to the average values of thickness
and weight. The specific weight of chicken feather fibers is 0,8g/cm³, and the specific weight of bicomponent fibers
3
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is 1,37g/cm³. The specific weight of the samples was calculated as the weighted average of the specific weights of
the binding polymer with the fibers.
Measurement of acoustic parameters of samples
The sound absorption coefficient of the samples was measured. Measurements were made according to ISO
10534-2 standard with BSWA IMPEDANCE TUBE SYSTEM SW+22SW477. The samples were cutten to 100mm
and 30mm diameters for the test. The samples were kept in the test cabinet under normal atmospheric conditions.
The samples were measured in one, two and three folds to see how the sound absorption coefficient.

III. Analysis
The thickness, weight and porosity values of the samples in the study are given in Table 4.
The surface weight of the material As is calculated as the weight of the unit area of the material.

𝐴𝐴𝑠𝑠 =

𝐴𝐴
𝑆𝑆

.

In here, A – the weight of material, S – surface area of material.
The volumetric weight of the material, Av is calculated as the weight of the unit volume:

𝐴𝐴𝑣𝑣 =

𝐴𝐴

𝑉𝑉𝑚𝑚

=

𝐴𝐴

𝑠𝑠ℎ

=

𝐴𝐴𝑦𝑦
ℎ

.

In this expression, Vm – the volume of the material, h – thickness.
The volumetric weigt differs from the specific gravity and takes into to account the volume of the material with the
pores.
The porosity of the material is calculated according to nominal weight Ad and volumetric weight,

𝐺𝐺 =

𝐴𝐴𝑑𝑑 −𝐴𝐴ℎ
𝐴𝐴𝑑𝑑

∙ %100 .
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Weight of
sample
0,001kg

Surface
weight of
sample,
kg/m2

Volumetric
weight of
sample,
kg/m3

Porosity

C

10gr fiber – 3gr
bicomponent fiber
20gr fiber – 6gr
bicomponent fiber

Average
sample
thickness,
0,01m

A

Sample
content

Sample
code

Table 4. Some parameters of produced samples

7,85

13

0,5078

64,69

0,9191

10,65

26

1,0156

95,36

0,8808
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As can be seen from Table 4, the thickness, surface and volumetric weights of the samples vary according to the
amount of fiber and binder polymer in the samples. The porosity values of the samples vary according to the
thickness and weight of the samples.

V. Results and discussions
The sound parameters of the samples were measured in an impedance tube. Each samples was placed in single,
double and triple layer in tube to see how the sound insulation parameters changed depending on the thickness of
sample. In Figure 4 and 5, the graphs of the sound absorption coefficient values obtained at the end of the
measurements of the samples are shown which reflect the change according to the sound frequency.

Figure 4. Curves of loss of sound transmission and absorption of samples produced by using 10gr fiber and 3gr binder
polymer

Figure 5. Curves of loss of sound transmission and absorption of samples produced by using 20gr fiber and 6gr binder
polymer

When look at the graphs, the first noticeable is that the samples have good sound absorption ability at medium and
high frequencies like all porous fibrous materials. This result is due to the fact that the structure of the fibers forming
the material is very thin and has a large surface area and the most important thing is that the fibers have a double
porous structure which is called double porosity.

When the thickness of sample increases, it is seen that

coefficient curve goes to left. However, the sound absorption of material reduce somewhat.

65
5

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

IV. Conclusions
Studies have shown that nonwoven structures obtained from chicken feather fibers have high sound absorption
properties. Chicken feather fibers are a natural porous material with a microporous internal structure. So this
nonwoven web made from chicken feather fibers can be alternative material with high sound absorption properties
when compared the classical sound-proof insulation materials on the market. These materials are not also a hazard
to human health and light weight and low economic value compared to mineral and synthetic sound-proof materials.
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Abstract:
In this study, conductive poly acrylonitrile (PAN) nanofibers were produced by electrospinning with the addition of silver nitrate
(AgNO3) into the spinning solution with different ratios. The effect of AgNO3 amount on the electrical conductivity of the nanofibers
were investigated. The surface characteristics and electrical properties of the electrospun mats were evaluated. Smooth
nanofibers with diameters under 1 µm were obtained. With the increasing AgNO3 amount, the conductivity values were increased.
It was seen that the conductivity results were comparable with the literature and conductive PAN/AgNO3 nanofibers are promising
for sensor applications.
Keywords: Conductive nanofibers, electrospinning, sensors.

I. Introduction
Electrically conductive nanofibers have gained much attention due to their superior properties like high ratio of
surface area to volume, flexibility, light weight, good mechanical strength and adequate electrical conductivity.
Therefore, these structures have potential applications as sensors, energy harvesting devices, field-effect
transistors and photovoltaic devices etc. (Ko etal. 2005, Aussawasathien etal. 2005, Zhi etal. 2012, Chen etal. 2014).
Nanofibers have very small diameters. The decrease in diameter leads to an increase in electrical conductivity due
the confinement. Therefore researchers have focused on fabrication of conductive nanofibers and their potential
applications (Ko etal. 2005).
Electrospinning is a simple and versatile method which uses electrical forces to produce nanofibers. In this method,
high voltage is applied to a pendant drop of a polymer solution held at a needle by its own surface tension. When
the voltage surpasses a critical value, an electrically charged jet of the polymer solution ejects from the needle and
travels to the grounded collector under the influence of the electrical field. During the travel of the jet, the solvent
evaporates, the jet gets thinner and solidified fibers with nanometer sizes are collected on the collector (Duzyer etal.
2011).
There are many methods to produce electrically conductive fibers such as using intrinsically conductive polymers,
coating a non-conductive fiber mat with conductive materials or adding conducting materials into a spinning solution
etc. Among these methods, adding conducting materials into a spinning solution is more preferable due to its easy
process. Silver is a well-known metal with high electrical conductivity. Therefore, it is one of the most investigated
material in electronic applications (Tiwari etal. 2008, Lu etal. 2008, Mushibe etal. 2012).
The aim of this study is to investigate the effect of AgNO 3 amount on the electrical conductivity of PAN nanofibers.
For this purpose, AgNO3 with different amounts were added into the spinning solution and PAN/AgNO 3 nanofibers
were produced by electrospinning. Surface and electrical properties of the nanofibers were evaluated.
II. Experimental Set-up and Procedure
Poly acrylonitrile (PAN) (Mw: 150 kDa), N,N-dimethylformamide (DMF), silver nitrate (AgNO3) and sodium
borohydride (NaBH4) were purchased from Sigma-Aldrich Inc and used without further purification.
In this study, two different solutions were prepared with 2 and 4% wt. AgNO3 addition into the spinning solution.
PAN nanofibers without addition of AgNO3 were also produced as reference. In order to prepare PAN/AgNO3
nanofibers, 8% wt. PAN was dissolved in DMF and kept on a hot plate at 75 ˚C until it was dissolved completely.
Separetely, 2 and 4% wt. AgNO3 were prepared in DMF and sonicated for 5 min. Afterwards, AgNO3/DMF solution
was added to PAN solution and left on the 35˚C hot plate for 1 h.
The fibers were fabricated by a Nanospinner24 electrospinning device. (Fig. 1) The fibers were collected on a glass
slide mounted on a rotating disc. The edges of the glass slide was painted with conductive carbon paint to measure
the conductivities of the mats. In electrospinning process, the flow rate was 0.5 mL/h, the distance between the
needle and the collector was 10 cm and the voltage was 15 kV. After electrospinning, the nanofibers were treated
with NaBH4 (1% wt. in water) in order to achieve a reduction process of AgNO 3 and obtain Ag.
1
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Fig. 1: Electrospinning Set-up

The surface characteristics of the nanofibers were investigated by a Carl Zeiss Evo 40 scanning electron
microscope (SEM).
Resistance of the samples were measured by a multimeter. Conductivities (σ) were calculated as follows:
𝑙𝑙

𝑅𝑅 = 𝜌𝜌 ……..........(1)
𝐴𝐴

Where, R is the electrical resistance of the sample (ohms, Ω), ρ is the resistivity of the sample (Ω.cm),
length of the sample (cm), A is the cross-sectional area of the sample (cm 2)

is the

1

𝜎𝜎 = ……………...(2)
𝜌𝜌

Where, σ, is the conductivity, defined as the inverse of resistivity. Conductivity has SI units of Siemens per
centimeter (S/cm).
Fabrication and resistance measurements of the nanofiber mats were carried out at the Laboratories of Textile
Engineering Department, Uludag Univesity. Surface characterization analysis were performed at Physics
Department, Uludag University (Bursa-Turkey).
III. Results and discussions
In this study, PAN nanofibers were fabricated by electrospinning with the addition of silver nitrate (AgNO3) into the
spinning solution. After electrospinning, the nanofibers were treated with NaBH 4 (1% wt. in water) in order to achieve
reduction of AgNO3 and obtain Ag.
PAN/AgNO3 nanofibers were successfully produced by electrospinning (Fig. 2). The increase in AgNO3 amount did
not have a significant effect on nanofiber diameter and nanofibers with diameters around 900 nm were produced
for all samples (Tab. 1). For all the samples, smooth fiber surfaces were observed. However, a few beads were also
seen within the fiber mat (Fig. 2).
After the reduction process, electrical conductivities of the samples were measured. An electrical conductivity of
0.77 x 10-4 and 0.84 x 10-4 S/cm was obtained for the PAN nanofibers with 2 and 4% wt. AgNO3, respectively (Tab.
1). The electrical conductivity values were increased with the increasing amount of AgNO3, as expected.
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Fig. 2: SEM images of the PAN/AgNO3 nanofibers, a) without AgNO3 addition, b) 4% wt. AgNO3 addition
Tab. 1: Electrical conductivities of PAN/AgNO3 nanofibers with different AgNO3 ratios
Material
Average Fiber Diameter (nm)
PAN (without AgNO3)
0,969
PAN/AgNO3 (2% wt.)
PAN/AgNO3 (4% wt.)

0,981
0,990

Conductivity (σ) (S/cm)
0.77 x 10-4
0.84 x 10-4

IV. Conclusions
Conductive textile materials have gained importance with the increasing demand for electrically conductive
materials with low weight, high flexibility and high mechanical strength.
Conductive nanofibers meet these expectations with their adequate electrical conductivity, high surface area per
volume, high flexibility, high mechanical strength and low weight. Due to their superior properties, conductive
nanofibers are preferred especially for sensor, energy harvesting device, field-effect transistor and photovoltaic
device applications.
There are many methods to produce conductive nanofibers. Among all the methods adding a conductive material
into the spinning solution is more preferable.
In this study, PAN was chosen as a template polymer. The effect of AgNO3 amount on the electrical conductivity of
PAN nanofibers was investigated. PAN/AgNO3 nanofibers with different AgNO3 amounts were fabricated by
electrospinning.
The increasing AgNO3 amount didn’t effect the electrospinning process and electrospun PAN/AgNO 3 nanofibers
with diameters around 900 nm were successfully produced.
With the increasing AgNO3 amount, electrical conductivies were increased as expected. An electrical conductivity
of 0.84 x 10-3 S/cm was obtained for the PAN nanofibers with 4% wt. AgNO3.
It can be concluded that, conductive nanofibers can be produced successfully by electrospinning with the addition
of AgNO3 into the spinning solution. It is clear that addition of AgNO3 increases the conductivity of PAN nanofibers.
These results indicate that PAN/AgNO3 nanofibers are promising for future applications where conductivity is
needed.
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Abstract
In textile industry, the quality of the fabric is directly related to the machinery used in production, as well as the materials used. At
this point the dye intended for use must be weighed automatically with a high degree of precision. After a homogenous and
complete dissolution has been achieved, it have to be transmitted quickly and lossless to the relevant dyeing machine pot. This
process, which seems simple but has a direct effect on the quality of the product, must be fully interactive with the active ERP
program with a totally automated and high reliable structure such that all the created work orders should be optimally aligned and
the dye preparation time will be minimized. The performance of the machine directly affects the quality of the fabric. In this study,
in order to realize high precision and optimum production time, the general working structure of the powder dyestuff systems is
modeled by discrete event system approach and an optimal supervisory control structure has been introduced by using Petri Nets.
And also the challenges for the powder dyestuff systems will be explained.
Keywords:

1. Introduction
Especially during the dyeing and finishing sessions of the whole process, responsibilities of the plant machinery are the ones of the
crutial points for the result of the process. Similarly, one of the main reason is the importance of the receipes of the fabric produced
in which has been already decided the production line as a result of several studies and tests in the laboratories of the textile
factories.
At this point, preparing the receipes with employees, in another words, weighing with all of the colors and components, dissolving
homogenously and generating the solution properly which will be applicated on the fabric directly, and transferring to the
responsible machines have to be seperated with human factors. This entirely process is executed mostly by the employees of textile
factories. However some of the corporated companies applicate the preparation of the receipes with the machines as a result of seeing
the benefits of correction and efficiency.

2. The Effecting Factors of Mechatronics
The seperation of the employee responsibilities from the beginning of the preparation of receipes to the point at which the solution is
applicated on the fabric has some benefits such as;
2.1. Benefits of Automation for Dye Processes
 decreasing the dye and chemical cost,
 decreasing the dyeing process time and increasing the productivity,
 taking reliable reports which is related to plant and products. (A big opportunity for analyising the mistakes of the process)
 decrasing the ratio of redye and refinish applications
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2.1.1.

Decreasing Dye and Chemical Costs

Weighing dyes and preparing receipes, the step before dissolving and making solution is one the most important stage of the
process. If the situation takes place that only one single mistake during the weighing of one color that receipe contains, first it is
tried to convert another receipe and stock by the dye kitchen responsible. However mostly it is not possible to convert and has
to be wastage. In consiquense, the accuracy and stability are continous necessities for this stace and machine works one of the
best solution of this stage.
It is also necessary to highlight the extra chemical consumption when the dye solution has not been homogenised and dissolving
process could not been complete properly.
2.1.2.

Decreasing Dyeing Processes’ Time and Increasing Productivity

One of the main purpose of the Production Management is decreasing the production time. In other words, pretty much effort has
been putted to decrease batch time. Waiting for chemicals and dye solutions are also greatest factor of batch time. By using
dispensing systems which has been designed and optimized according to production plants, waiting time for chemicals and dyes can
be cancelled out.
2.1.3.

Taking Reliable Reports Which is Related to Plant and Products

Monthly, seasonal, yearly or between dedicated dates’ consumption reports are ones the most significant parameters of the price of
final product. Tracking the consumption based on fabric, dye or dates is one of the biggest challenges of management. As a
beneficial solution of these kind of difficulties, taking report directly from machine means reliable information from reliable source.
Taking reports from consumption points is also beneficial to analyse and understand the weak points and mistakes in the processes.
2.1.4.

Decreasing the Ratio of Redye and Refinish Applications

Even though lots of detailed studies have been token place in labs with high technology equipments, there can be some different
result between labs and production plants which is forced the production team to applicate redye and refinish applications. Thus the
cost will be increase by chemical, dye, water and energy side, by usibility of fecilities side.
If reusibility, stability and accuricy of the receipes can be supplied with any kind of solution, it will be beneficial for globally textile
sector too.
2.1.5.

Decreasing Labour Cost

In production plant of textile sector, there must be employees in dye kitchen, chemical store and in dyehouses as operators and
helpers. Globally textile market has been forced the suppliers to decrease to total cost of unit products. Futhermore, the challanges of
human errors are becoming one of the crutial weak point of the companies. For that reason the necessity is no effect of employees to
dye and chemical processes.
2.2. The Effect of Software Communication Networks to Efficiency of Production
Networks, which are used frequently in distributed systems, in parallel programming, and in concurrent processing, can be classified
as directed bipartite graphs. Accordingly, an event or transition in a Petri Nets is a place and a direction (arrow, arc).
For an instance, it is shared a software communication network as a Petri Net diagram.
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1 The communication network as a Petri Net diagram between dyeing machine computers, a dyestuff automation system which by
weighing, dissolving and dispensing stages are made, a service software which execute communication service between mechatron ics.

In the example, the communication network has been shown between, dyeing machine control computers, a dyestuff automation
system which by weighing, dissolving and dispensing stages are made, a service software which execute communication service
between mechatronics and management softwares, user interface and ERP program.
First of all there is a master-slave relationship between Simplex and Enmos Service. The Emmos Service software receives alarm
information and IO information from Simplex via TCP / IP connection. Enmos service software saves this data from Simplex
Computers to Database. It is checked that there is an automatic job order in the database by Enmos service software during the
dyeing step of Simplex control computer. In case of there is a job order which is the same as the server program has searched, the
approvel of the job order will be received to dyestuff dispensing system (FW). The job order has been activated by dyestuff
automation system(FW), after receiving approval of this job order at FW. During the process, enmos service program periodically
check the status of this job order until the FW completes the job order or receives an error message.
As a second, the job orders from the ERP is filtered as selected dyeing steps and as a next stage it is transferred to the FW. After the
job order is started in the FW, the data is written to database of user interface program via the Enmos service.
monitoring data, report data, program data, recipe data and settings on the data base. Focus pulls them from the database while
viewing them and saves them in the database if necessary.

3. Conclusion
As a conclusion, dyeing and finishing process has become the weak point of whole stages of production for efficiency subject in
textile sector. For that reason, as the first step to Industry 4.0, giving the responsibility of the sensitive work load of employees to the
automation systems will increase the efficiency of production sharply.
Additionally, the one of the greatest consumptions of production, which can be called as raw materials of textile production, is
become more dangerous especially for wetlands. Automation of these consumptions coming more crutial point by above factors and
with the ever-increasing environmental ethics.
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Abstract
The liquid transfer performances of cotton fabrics are an important parameter in terms of clothing comfort. In order to improve
the liquid transfer properties, various fabric constructions have been carried out and different methods have been developed to
improve the liquid transfer properties. In this study, moisture transfer performances of 100% cotton woven fabrics printed with
hydrophobic paste were investigated. The effects of the continuous and discontinuous states of hydrophilic and hydrophobic
honeycomb areas applied to the print patterns and the ratios of these areas on the moisture transmission properties of the
fabrics have been examined. Moisture transfer performance tests were evaluated in vertical wicking, drop absorbency and
moisture management test methods. The effects of printing pattern properties were investigated on the moisture transfer
performance of the cotton fabrics.
Keywords: Cotton Fabric, Moisture Transfer, Honeycomb Print Patterns

I. Introduction
The liquid transfer properties of textile materials are an important factor affecting their performance. There are a lot
of studies to change the fluid transfer properties of fabrics (liquid absorption, liquid repellency and breathability
etc.). In the case of absorption, there is an interaction between the water molecules and the molecules of the
fibrous structure. Therefore, natural fibers with hydrophilic groups interacting with the water absorb liquid because
they have molecules that can bind with water. Since synthetic fibers have very small numbers of interactions with
water, liquid absorption capacities are very low (Morton et al., 1997; Aksoy et al., 2011).
Moisture absorbing fibers are able to absorb a large number of water molecules, which allows them to have high
moisture gain under standard atmospheric conditions. It is observed that the increase of humidity attracting groups
improves properties such as water vapor permeability and absorbency on textile surfaces, but it affects liquid
moisture transmission properties in the opposite direction. Synthetic fibers have low ability to absorb liquids due to
the high crystallinity of the structures due to their non-hygroscopic nature, while their ability to dry has improved.
Thus, moisture can easily be transmitted to the external environment. As a result of mixing moisture absorbing
fibers and non-moisture absorbing fibers with good absorbency properties, and moisture transmission properties of
textile surfaces can be improved (Das et al., 2009; Atasağun, 2015).
The most advantageous fiber in terms of comfort is to transfer the liquid quickly and to dry quickly. A fiber with a
higher liquid absorption capacity causes a wet feeling and deterioration in comfort due to the long drying time.
Cotton is a very advantageous raw material in the conditions of everyday clothing in which there is limited sweat. In
this case, cotton can keep the microclimate dry and comfortable by absorbing small sweat formations. In order to
ensure the continuity of clothing comfort, moisture-controlled fabrics have been developed using different methods.
Generally, in these fabrics produced, the basic principle is to be multi-layered. Thus, by using non-moisture
absorbing fibers in the skin-contacting portions of the fabrics, it is ensured that the liquid is not absorbed and
transferred to an upper layer. Moisture absorbing fibers used in the upper layer also provide liquid absorption and
are transferred to the external environment (Shishoo, 2005; Patnaik et al., 2006; Atasağun, 2015).
Depending on the different water absorption capabilities of the fibers, the two-ply knitted fabrics can be grouped
under four categories; the first one; if both the inner and outer layers are made of non-moisture absorbing yarns; it
will be difficult to absorb the water by the structure in the inner layer. Through the pores in the resulting sweat fabric,
the water will diffuse as a vapor and evaporate very slowly, which will cause inconvenience in user. The second
one; if the inner layer is made of moisture absorbing yarns and the outer layer is made of non-moisture absorbing
yarns; it is absorbed by the inner layer in contact with the skin but will not be transferred to the outer layer due to
the upper layer not absorbing moisture. Because of this situation, the fabric will feel wet and cold by the user. The
third one; if both the inner and outer layers are made of moisture absorbing yarns; the liquid absorbed by the inner
layer will be transferred to the outer layer and the outer wet area will be transferred to the surrounding area. The
rate of evaporation is directly related to the area formed. As the amount of liquid remaining in the inner layer
increases and the outer wetting area becomes smaller, the evaporation rate will decrease and the fabric will feel
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wet and cold. The fourth one, if the outer layer is made of moisture absorbing yarn, the inner layer is made of nonmoisture absorbing yarn; the sweat will be absorbed directly by the inner layer hardly. However, it can be
transferred to the outer layer by capillary absorbtion movement through the fibers in the inner layer. The outer layer
is highly water absorbent and forms a large wet area that allows it to evaporate quickly. This improves the comfort
of the garment (Long, 1999; Atasağun, 2015).
Wicking Windows™ technology is a moisture management application developed to eliminate the sense of
wetness in fabric. This method was developed based on the natural moisture transport feature of the cotton. This
technology is applied through print application of repellent areas onto the skin side of a cotton fabric. Some parts of
the fabric with wicking windows are water-repellent. This process is not applied to other regions. Special chemical
paste is prepared for the fabric. This print paste is transparent and applied to the back of the fabric. Wicking
Windows™ technology has reduced the intake of moisture capacity of cotton and it provides a feeling of being drier
and more comfortable, especially in exercise and sport activities (www.cottoninc.com, 2017).
Wetting of textile materials is defined as a displacement of the fiber / air interface by the fiber / liquid interface, and
wetting is a prerequisite for capillary wetting, defined as spontaneous transfer within the fiber mass of the liquid
under the influence of capillary forces. Capillarity refers to the action of a liquid in a narrow tube, slit or void,
depending on the surface tension of the liquid. If the adhesion forces between the fluid and the tube wall are
greater than the cohesive forces between the molecules of the fluid, a capillary action occurs. The liquid flow
direction is directed towards reducing the pressure difference. The flow stops when the pressure difference is zero.
According to the capillarity rules, the liquid flow will be faster in the small capillary radius than in the large radius
(Aksoy et al., 2011). Due to the effect of low capillary diameter, the capillary pressure increases and the liquid
moves faster and the capillary absorbtion height is higher (Mukhopadhyay et al., 2008; Ramakrishnan et al., 2009;
Atasağun, 2015).
In this study, the results of a research on a method for improving the liquid transfer properties of 100 % cotton
fabric woven with plain weave were evaluated.
II. Experimental Set-up and Procedure
In this study, the results of a research on a method for improving the liquid transfer properties of 100 % cotton
fabric (warp and weft yarn count: Ne 41/1; 87 warp/cm, 25 weft/cm) woven with plain weave were evaluated. For
this purpose, a printing paste with hydrophobic feature (fluorochemical water repellent) was applied to the back
surface of the cotton fabric. Approximately 100 poise printing paste viscosity was applied. Two different printing
patterns (continued and non-continued honeycomb structure) were used (Figures 1-2). The printed and
non-printed area percentages of the applied print patterns were given in Table 1.

Fig. 1: 1th Rotary Screen

Fig. 2: 2nd Rotary Screen
Tab. 1: Properties of rotary screen
Printed Area [%]

Non-Printed Area [%]

1th Pattern (1th Rotary Screen)

86

14

2nd Pattern (2nd Rotary Screen)

4

96

2
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The areas of the printing paste that the print pattern passes through the open areas on the fabric bring hydrophobic
parts to the fabric surface. In the first pattern (Fig. 1), the inside of the honeycomb (white region in the 1th rotary
screen) is printed with hydrophobic printing paste, and the cotton channels (black region in the 1th rotary screen)
around the honeycomb are continuous. In the second pattern (Fig. 2), the inside of the honeycombs is cotton
(black region in the 2nd rotary screen) and the channels around the honeycomb (white region in the 2nd rotary screen)
are printed with hydrophobic printing paste.
The liquid transmission properties of the fabrics were tested with Vertical Wicking (AATCC 197-2013), Drop
Absorbency (AATCC 79-2014) and SDL Atlas M290 Moisture Management Tester (MMT) (AATCC 195-2012).
Vertical wicking test method is used to evaluate the ability of vertically aligned fabric specimens to transport liquid
along and/or through them. In the vertical wicking test, the height of the water was measured after 5 minutes.
Drop absorbency test method is for the determination of the water absorbency of yarns, fabrics and garments. In
the drop absorbency test, the time from the 1 cm height to the distilled water dripped onto the fabric surface, until
the glaze formed on the fabric surface disappears, was evaluated.
Moisture management test method is for the measurement, evaluation and classification of liquid moisture
management properties of textile fabrics. The Moisture Management Tester (MMT) was developed to measure
dynamic liquid transport properties of textile materials in multi-dimensions. MMT instrument consist of upper and
lower concentric moisture sensors. The specimen is held flat under fixed pressure between the sensors while
standard test solution (0.9% sodium chloride solution mimics human perspiration) is introduced onto the top
surface of the fabric. Electrical resistance changes between the upper and lower sensors are then recorded
dynamically on computer. The fabric side that was used as ‘top’ during testing refers to side of the fabric surface
that would be directly in contact with human body skin while wearing the garment made by the fabric. The ‘bottom’
fabric side refers to side of the fabric surface that would be the outer surface of a garment (www.sdl.atlas.com,
2005; Venkatesh et al., 2013; Özgen et al., 2014; Selli et al., 2017; Umair et al., 2016; Baltušnikaitė et al., 2014).
Wetting time (top and bottom), spreading speed (top and bottom), accumulative one-way transport capability and
overall moisture management capability of the cotton fabrics were evaluated with the grading scale given
according to AATCC Test Method 195-2012.
Wetting time (WTT and WTB) range values were compared with the grading scale according to AATCC Test
Method 195-2012 which is according to the 5 grade scale (1-5). The grades of the indexes are: 1 (≥120) =
non-wetting, 2 (20-119) = slow, 3 (5-19) = medium, 4 (3-5) = speed, 5 (<3) = very speed.
Spreading speed (SST and SSB) range values were compared with the grading scale according to AATCC Test
Method 195 (2012) which is according to the 5 grade scale (1-5). The grades of the indexes are: 1 (0.0-0.9) = very
slow, 2 (1.0-1.9) = slow, 3 (2-2.9) = medium, 4 (3-4) = speed, 5 (>4) = very speed.
OWTC range values were compared with the grading scale according to AATCC Test Method 195 (2012) which is
according to the 5 grade scale (1-5). The grades of the indexes are: 1 (<-50) = very poor, 2 (-50-99) = poor, 3
(100-199) = good, 4 (200-400) = very good, 5 (>400) = excellent.
OMMC range values were compared with the grading scale according to AATCC Test Method 195 (2012) which is
according to the 5 grade scale (1-5). The grades of the indexes are: 1 (0.0-0.19) = very poor, 2 (0.2-0.39) = poor, 3
(0.4-0.59) = good, 4 (0.60-0.80) = very good, 5 (>0.80) = excellent.
In the drop absorbency and moisture management tests, the water was dropped on the printed side of the fabric
that would be directly in contact with human body skin. Fabrics were conditioned at 65±2 % relative humidity and
21±1°C for 24 hours in accordance with ASTM D 1776-2009 standards before measurements.
III. Analysis
In Figures 3 and 4, microscopic images (20 times magnified) of progress of the water were shown when water was
dripped onto the cotton fabric surface printed with the 1 st and 2nd pattern. In the continued honeycomb pattern of
cotton channels (1th pattern), it appears that the liquid moves along the channels on the wetted fabric surface
(Fig.3).
In the non-continued cotton honeycomb pattern (2nd pattern), it appears that the liquid not moves on the wetted
fabric surface. It was seen that continuous hydrophobic channel formation inhibits the continuity of the cotton
surface in the printing pattern (2nd pattern) formed by the non-continued cotton honeycomb surfaces. This situation
seems to prevent the liquid from moving on the surface (Fig.4).
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Fig. 3: Continued honeycomb (1th pattern)

Fig. 4: Non-continued honeycomb (2nd pattern)

IV. Results and discussions
Analaysis of the Vertical Wicking Height
In Fig. 5, when the vertical wetting height variations of non-printed and printed with 1th and 2nd pattern cotton fabrics
were examined, it was seen that the vertical wicking height of cotton fabric printed with the first pattern was lower
than that of non-printed cotton fabric. The lowest vertical wicking height value was obtained in the cotton fabric
printed with the second pattern.

Fig. 5: Vertical wicking height

Analaysis of the Drop Absorbency
In Figure 6, it was observed that the lowest drop absorbency time appears to occur in the non-printed cotton fabric.
It can be seen that the drop absorbency time of the fabric which was printed by the first pattern (continued
honeycomb pattern of cotton channels) was higher than that of the non-printed fabric.
In the case of a cotton fabric printed by the second pattern (continued hydrophobic channel), the dropping water
remained on the surface of the fabric for almost 10 minutes, and it was seen that the water did not absorb easily as
shown in Fig 4. In the case where the continuity of the hydrophilic areas on the fabric surface was inhibited, the
absorption time of the liquid dropped onto the cotton fabric surface was found to be quite high. Non-continued
hydrophilic areas have been shown to cause the liquid to remain on the surface of the fabric for a long period of
time, which makes it difficult to transfer to the other side comfortably.
In Figures 5 and 6, when the values of the vertical wicking height and the water absorption time of the non-printed
cotton fabric were examined, it was seen that the water was absorbed in a short time and spread more to the
surface. However, when the fabric was printed with the 1st pattern (water spreading through the hydrophilic
channels forming continuity), the vertical wicking height was found to be lower, although the water absorption time
was slightly increased. This result could be showed that the water can be transferred to the bottom surface of the
fabric with less spreading on the surface.
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Fig. 6: Drop absorbency time

Analaysis of the Moisture Management
Wetting time top and bottom (WTT and WTB), spreading speed top and bottom (SST and SSB), accumulative
one-way transport capability (OWTC) and overall moisture management capability (OMMC) of the non-printed and
printed with 1th and 2nd pattern cotton samples were examined by the Moisture Management Tester (MMT) and
results were given in Table 2.
Tab. 2: Moisture Management Test Results
Fabric

Wetting
Time Top
(WTT)

Wetting Time
Bottom
(WTB)

Spreading
Speed Top
(SST)

Spreading
Speed Bottom
(SSB)

Accumulative
One-Way Transport
Capability
(OWTC)

Overall Moisture
Management
Capability
(OMMC)

Non-Printed

2,922

2,922

3,3039

3,5075

476,5927

0,8498

3,078

3,078

3,84885

4,62885

879,44475

0,9553

119,953

5,875

0

1,0779

1112,174

0,7565

Printed with
1th Pattern
Printed with
2nd Pattern

The wetting time of the top (WTT) and bottom (WTB) surfaces of the fabrics printed with the 1st pattern where the
continuous cotton honeycomb areas (hydrophilic areas) were approximately the same, and the obtained values
gave "speed" wetting times to the grading scale of AATCC Test Method 195. The spreading speed top (SST) of this
fabric has been found to be "speed" and the spreading speed bottom (SSB) of this fabric has been found to be
"very speed" to the grading scale.
Wetting time top (WTT) value on the surface with which the liquid came in contact (skin contact with the fabric) in
the fabrics printed with the 2nd pattern where the cotton honeycomb areas were non-continuous (hydrophobic
printed channels were continues) was almost "non-wetting" when compared with the AATCC Test Method 195
grading scale. It was seen that the wetting time of the bottom (WTB) surface (where the fabric comes into contact
with the environment) was "medium". It was seen that the spreading speed top (SST) value of the fabric printed
with 2nd pattern was "0" on the top of the fabric which was in contact with the liquid, and it was observed that the
liquid did not spread on the surface. On the other side (bottom side) of the fabric, spreading speed bottom (SSB)
values were found to be at "slow" grading scale values.
In the first pattern, despite the fact that the hydrophobic printed areas in the fabric were higher than the cotton
areas, the continuous structure formed by the honeycomb cotton channels provided the wetting times (top and
bottom) and the spreading speed of fabrcis were high. In the second pattern, it was found that the percentages of
hydrophobic printed areas was lower than the percentages of cotton area, but it was found that the continuous
hydrophobic honeycomb channels on the cotton surface inhibited the spread of the liquid.
It was observed that the overall moisture management capability (OMMC) values of the fabric printed with the 1st
pattern were better than those of the fabric printed with the 2 nd pattern. The OMMC value of the fabric printed with
first pattern was "excellent" scale value, whereas the OMMC value of fabric printed with second pattern was found
to be "very good". Accumulative one-way transport capability (OWTC) values for both fabrics (printed with the 1th
and 2nd pattern) were found to be "excellent". When comparing between the moisture management properties of
the non-printed and printed with the 1th pattern of cotton fabrics, it was observed that all of the examined moisture
management values were improved in the printed with the 1th pattern of cotton fabric.
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V. Conclusions
In this study, the results of a research on a method for improving the liquid transfer properties of 100 % cotton
fabric woven with plain weave were evaluated. In order to improve the moisture transmission of the cotton fabrics,
the back surfaces of the fabrics were subjected to hydrophobic character printing with different pattern
characteristics. The effects of the continuous and discontinuous states of hydrophilic and hydrophobic honeycomb
areas applied to the print patterns and the ratios of these areas on the liquid transfer properties of the fabrics have
been examined. For this purpose, vertical wicking height, drop absorbancy time and moisture management
properties of fabrics were evaluated.
From the results obtained, it has been observed that the moisture transmission properties of the fabrics were
improved, although the proportion of hydrophobic areas was high, in the case of the printing pattern applied to the
fabric, where the continuous honeycomb channels were hydrophilic. In the printing pattern applied to the fabric, the
moisture transmission properties of the fabrics show a poor performance even though the proportions of the
hydrophilic areas were high, where the continuous honeycomb channels were hydrophobic (when the continuity of
the cotton areas was not provided). In cases where the continuity of the hydrophilic areas was blocked, it was
observed that the water spreading on the fabric did not show any dispersion and the SST values were "0”.
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Abstract
In 2007 a chemical regulation order was adopted in Europe and China, to protect the environment and human beings from
hazardous substances in consumer goods and their working environment. It is a topic of interest for the rest of the world, as well.
Some substances are banned by law from the industrial application. The organic solvents Dimethylformamide (DMF) and
Dimethylacetamide (DMAc) are candidates for prohibition. To be prepared, the producers of carbon fibre precursors, hollow
fibres and wet spun textile products are looking for alternative solvents for their production processes and try to gain according
process Know-How. Aqueous solutions of inorganic salts are the most promising alternative.
The relevance of chemical regulations for the fibre industry and in particular for the carbon fibre precursor production process
will be discussed and the major changes due to the use of inorganic solvents are shown. Some of the main characteristics and
advantages of these solvents are considered. Appropriate spinning conditions and their effect on the process costs are in the
focus of this work. The Institute of Textile Technology at RWTH-Aachen University (ITA) is one of the leading textile research
institutes in Europe. The experience we gained during the trials on our wet spinning lines and from the collaboration with
industry partners will be part of the work
Keywords: wet spinning, sodium thiocyanate, NaSCN, cost-saving, green process

I. Introduction
Wet spun Polyacrylonitrile (PAN) fibres account for about 10.2 % of the worldwide produced chemical fibres [1, 2].
Typical applications are textile products like jackets or shirts and home textiles. Moreover wet spun PAN fibres are
the pre-material for the production of high-performance carbon fibres, which are used in technical applications like
sports cars and wind turbines. For economic reasons, a large number of producers use toxic solvents for the
production of PAN fibres, namely DMF and DMAc. These solvents are carcinogenic and reproduction toxic and
thus they have to be handled carefully. Moreover, the use of these solvents could be prohibited in the future. Less
harmful alternatives are aqueous solutions of salts, like NaSCN and ZnCl2 or the organic solvent Dimethylsulfoxide
(DMSO).

Fig. 1: Schematic representation of the wet spinning process.

For wet spinning of PAN, the polymer is dissolved in an organic or inorganic solvent and is then extruded into a
bath of solvent and water. The polymer coagulates to solid fibres, which can be conducted to the washing and
stretching step before they are dried and winded up (Figure 1). During the process, the fibres are stretched at high
temperatures to paralyze the polymer chains and eliminate pores between the chains. As a result, the fibre
properties are better and the strength of the fibres is higher. The type of solvent used for the dissolution and
spinning of the polymer has a large influence on the fibre properties and affects the choice of parameters for the
following process steps.
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II. Experimental Set-up and Procedure
In the following, some basic experiences we made during our experiments with aqueous solutions of ZnCl2 and
NaSCN will be presented. This can help to get an impression of the challenges and characteristics of the spinning
process with inorganic salts. The process is compared with the DMSO process in Chapter 3 (Results). This can
help to decide which solvent is better suited for which field of application. The focus is on the process handling and
the process control.
2.1

Wet spinning trials

The trials were performed on a technical scale wet spinning line with one spinning bath, two washing baths, a hot
air drying oven and a winder (Figure 2).

Fig. 2: Technical scale wet spinning line at the Institute of Textile Technology at RWTH Aachen University
2.1.1

Spinning Dope preparation

The first step in the process is the preparation of the spinning dope. The inorganic salt is dissolved in deionized
water with a concentration of 54 wt.-% of salt. Afterwards, the PAN-Polymer powder (8 wt.-% in case of ZnCl2, 13
wt.-% in case of NaSCN) is added while stirring until a homogeneous suspension is obtained (Figure 4, left). This
suspension is filled into the storage tank of the spinning line and heated up to 75 °C. The spinning dope is held at
this temperature for two days and continuously stirred until the PAN polymer powder is fully dissolved. To ensure,
that there are no impurities in the spinning dope, it passes through a bundle of filters before it is spun to fibres.
2.1.2

Spinning process

For the spinning trials, the parameters listed in Table 3 were kept constant. The spinning bath temperature, the
solvent concentration inside the spinning bath, the temperature of the spinning solution, the polymer content of the
spinning solution and the solvent concentration inside the first washing bath were varied. One factor at a time was
varied to observe the influence of the factor on the fibre quality. The aim was to find appropriate process conditions
and a starting point for a full factorial experimental design. From these trials, general trends and effects can be
derived and compared to the standard process with organic solvents. The total stretching degree from the exit of
the coagulation bath to the winder is about 2.75, which is really low. Thus, the mechanical properties are not
comparable to fully stretched fibres. In this study, the focus is on the coagulation conditions. That is why we
consider and compare the properties of the fully coagulated, fully washed and nearly unstretched fibres to
investigate this process step.
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Tab. 1: Parameters kept constant within the trials with NaSCN[aq.] as solvent

Parameter
Pump rate (1,75 cm3/round)
Spinning jet
Speed Duo 1 (v1)
Speed Duo 2 (v2)
Speed Duo 3 (v3) (winding speed)
Temperature drying oven
Temperature washing bath 1
Temperature washing bath 2

Value
10 rpm
600 holes, 70µm
4 m/min
8,8 m/min
11 m/min
150 °C
75 °C
77 °C

Jet stretch 0,52

III. Analysis
The fibre quality was evaluated by the single filament properties. For each investigated parameter set 30 filaments
of the sample material were tested with a FAVIMAT+ from Textechno. The Strength, residual elongation, fineness
and Young’s modulus were considered as well as the standard deviation of each value. The testing parameters are
shown in Tab. 4.
Tab. 2: Parameters for single filament testing

Property

Pre-load[cN/tex]

Fineness
Strength and residual
elongation

0,75
0,5

Clamping
length[mm]
25
25

Testing
speed
[mm/min]
0,625; 1,25; 1,88; 2,5
6,25; 12,5; 18,8; 25

IV. Results and discussions
From Literature and own trials the following trends for the NaSCN process could be derived:
• The best fibre qualities could be obtained at polymer concentrations in the spinning dope of 16 wt.% PAN and a
solvent concentration of 16 wt.% NaSCN in the spinning bath (Table 3, sample SP7). The sample SP7 shows good
mechanical properties (high strength, moderate residual elongation, low variation coefficients). SP6 serves as an
example of typical mechanical properties attained at a polymer concentration of 14 wt.% at comparable process
conditions. These results are in accordance with the literature [3].
Nevertheless, at these high polymer concentrations in the spinning dope, the fibre homogeneity (CV-Values) gets
worse over time, which is linked with an increase of the pump pressure. A PAN concentration of 16 wt.% seem to
be near the critical solvability level of the solvent. Thus, undissolved polymer particles in the spinning solution are
occurring, which increasingly block the spinning holes and filters over time. For a stable process, the PAN
concentration should be below 16 wt.% for the used polymer grade.
Tab. 3: Parameters and relating mechanical properties for different samples to see the influence of PAN concentration and
process Temperatures on the fibre properties

PAN
Konz.

T Dope

T KB

NaSCN
KB

NaSCN
WB1

strength
[cN/tex]

-CV-

Residual
elongation

-CV-

Titer

-CV-

SP6

14

25

18

15,9%

9,3%

7,88

7,09

35,84

11,03

5,45

6,84

SP7

16

25

12

16,3%

9,0%

14,58

2,65

27,55

7,02

5,81

3,22

SP8

16

25

12

16,5%

8,2%

12,52

6,19

26,34

11,08

5,47

6,69

SP9

16

25

12

15,5%

8,1%

13,07

17,71

25,79

21,84

5

16,36

During the trials, it could be observed, that the best spinning behavior and fibre properties could be obtained at
spinning dope temperatures of about 25 °C. That means that the spinning solution does not have to be heated up,
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but can be extruded at room temperature. This helps to reduce production costs. Moreover, the spinning bath
should be cooled down to temperatures of about 12 °C to achieve homogenous and good fibre properties. Similar
results for the spinning bath temperature are found in [3, 4, 5]. Sample SP7 is produced with these conditions and
shows low CV-values and good mechanical properties after the coagulation and washing of the fibres.
• A high solvent concentration in the spinning bath decreases the coagulation speed and allows a higher stretching
degree inside the spinning bath (jet stretch) [2]. Thus higher NaSCN concentrations have a positive effect on the
fibre quality and process stability. The comparison between samples produced with 13 wt.% to 15.5wt.% NaSCN
inside the coagulation bath reveals that the higher solvent concentration has an advantage in dependence on the
degree of jet stretch and the used polymer grade (see Table 4). At the given jet stretch of 0.52, the residual
elongation of the fibre samples increases with increasing NaSCN concentration of the coagulation bath (Table 4,
sample A, B, C). At the same time, the strength of the fibres decreases. This indicates, that the fibres get orientated
by the jet stretch inside the coagulation bath. At lower NaSCN concentrations inside the coagulation bath, the
fibres coagulate quicker because of the“harder” coagulation conditions and the orientation of the fibres can not
relax before the solidification of the polymer.
Tab. 4: Parameters and relating mechanical properties for different samples to see the influence of NaSCN concentration in the
spinning bath on the fibre properties

PAN
Konz.

T
Kessel

T KB

NaSCN
KB

NaSCN
WB1

Festigk.
[cN/tex]

-CV-

Restdeh
nung

-CV-

Titer

-CV-

B

14

23,3

18

13,1%

5%

11,39

3,42

25,69

18,3

5,15

16,99

C

14

33,5

16,9

14

5%

9,88

3,78

30,15

16,17

5,1

2,35

D

14

22,8

18

15,4%

8,5%

8,91

7,45

35,07

12,12

5,36

5,53

Effects on production costs
Based on these findings, a model process was developed in cooperation with partners from industry (EPC
Engineering & Technologies GmbH). A cost analysis was performed according to the assumptions in Table 5. As a
result of this process cost scenario, production costs of 4.83 € per kilogram of manufactured precursor yarn are
determined for the NaSCN process. Similar considerations were performed for DMSO and DMF as the solvent. In
case of DMSO, the calculation resulted in a price of 6.59/kg precursor and for DMF in a price of 6.49€. Thus the
use of NaSCN offers cost advantages of about 25%. The production costs are highly sensitive to changes in
acrylonitrile prices, electricity prices and labor costs.
Tab. 5: Assumptions for the model process and cost analysis

Characteristic

values

Production capacity

3400 t/a Precursor

PAN-concentration in spinning dope

15 wt% PAN

Temperature spinning dope

20 °C

Temperature coagulation bath

10 °C

Production waste

5%

Maintainance costs

3,5 % of Investment for plants

Production time

24 h/d; 330 d/a

Men power

10 plant operators, 1 Shift supervisor

Produktionsstandort

Germany

4
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V. Conclusions
Carbon fibres are one of the most interesting and promising materials for different fields of application like
transportation, construction and electricity. About 90 % of all carbon fibres are based on PAN [6]. Thus, the
improvement of this process route is important to bring down production costs and make carbon fibres available for
more fields of application. This can help to reduce emissions and accelerate the technological progress in many
fields of industry.
In the past, the use of the toxic and environmental unfriendly organic solvents was more economic especially if the
companies produce both textile and technical fibres. This is the reason, why most of the producers work with these
solvents until today. But the technical progress in related fields like the wastewater treatment and new political
regulations changed this situation. The traditional process route with DMF or DMAc does not seem to be more
economic anymore.
Modern reverse osmosis plants work 60 times more efficient than the commonly used distillation plants. This
technology is not suited for organic solvents but can be used with the inorganic solvents NaSCN or ZnCl 2.
Moreover, work safety and health protection becomes more important in all countries of the world. In Europe and
China, the allowed limiting values of the reprotoxic solvents in the consumer goods have been seriously reduced.
The industrial use of these solvents will be forbidden in Europe from 2020. The import of consumer goods is also
tightly controlled. Producers have to meet these limits if they want to sell their goods to Europe or China. Thus, the
inorganic solvents become more attractive and more cost-efficient in the future.
In the paper, some of the main characteristics of the spinning process with NaSCN[aq.] as solvent have been
presented. The process differs from the spinning process with organic solvents but leads to a more efficient and
economic production. The resulting fibre price is about 25 % lower than in case of DMSO or DMF.
The process parameters for appropriate fibre characteristics differ from the process with organic solvents and there
is only a little Know-How available from the literature. For this reason, the process has to be investigated in more
detail to develop adjusted equipment and a more cost efficient carbon fibre production process to bring down
carbon fibre price in the future.
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Abstract
The demand for composite components is rapidly increasing by a simultaneous demand for increasing component performance.
Compared to established construction materials, production technologies in the composite field often have a lower technological
maturity. Current production technologies for fiber reinforced plastics (FRP) are using 3D multi-layer textile preforms. The
preform production is often characterized by high manual workload. High level of automation, including automated quality
assurance, is often cost-effective only at high volumes. In the highly innovative EU and OP.EFRE funded “CarboLase”-project
ITA RWTH Aachen University and Fraunhofer ILT are developing in corporation with industry partners the future fully automated
preforming process chain. Sensors as well as flexible software and hardware interfaces are integrated in the process chain,
enabling the transfer of product and process data along the process chain. One core innovation is the combination of productive
2D CNC cutting, high-precision laser material processing of the textile preforms by ultra-short pulsed laser radiation and a fully
automated application of metallic fasteners into the preforms. The technologies are integrated in a single robot cell.
Keywords: Composites, Laser, Automation

I. Introduction
The demand for components made of fibre-reinforced plastics (FRP) is constantly increasing due to the growing
importance of energy and resource efficiency with a simultaneous demand for increasing component performance
[1, 2, 3]. For manufacturing technology, this means that process chains in particular must be simplified and costs
must be reduced despite the wide variety of geometries.
Due to the high lightweight construction potential, the demand for FRP components for "multi-material design"
applications is growing simultaneously. The concept of multi-material design plays a central role in the
development of future generations of vehicles. The concept is based on the best combination of material, design
and production technology to increase the total performance of a part. [4] In order to take advantage of this mixed
material construction method, challenges in the field of joining technologies have to be overcome [5, 6, 7]. The
realization of detachable, flexible and standardized connections is a prerequisite for the substitution of existing
components by FRP components. These connections are realized by metallic fasteners (e.g. inserts with internal
or external threads) [4, 8, 9]

Fig. 1: Motivation – Fasteners for multi-material design applications

The production of textilie, near net-shape preforms, together with material costs, is the main cost driver for the
production of FRP components (together up to 70% of component costs) [10]. Currently, the production of FRP
components, especially in small and medium-sized companies, is characterized by a high proportion of manual
work. This can lead to a high susceptibility to errors in the entire production process and to fluctuations in
production quality. This results in a high number of scrap in the form of textile waste (up to 50%) and defective,
already cured components.
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Fasteners are currently being integrated via complex mechanical finishing of the hard component. [10, 11] Due to
the highly abrasive material properties, contact-based mechanical finishing of cured FRP components (e.g. drilling
or milling) is time- and cost-intensive (up to 20% of component costs) [10]. Automated integration of the fasteners
before consolidation into three-dimensional textile preforms has failed so far due to deficient procedures for the
feasibility to cut highly presions notches into multi-layer textile preforms.
As an alternative to mechanical machining processes, laser processing offers the advantages of tool wear-free
operation, high flexibility and the highest precision in the micrometer range. Compared to conventional lasers,
ultra-short pulse lasers in particular allow low-damage processing with minimal heat impact and increased
precision. [12, 13, 14, 15]

Fig. 2: Comparison of the cutting edge for contact (left) and contactless material processing by laser (right)

II. Experimental Set-up and Procedure
Since March 2017, the CarboLase project has been adressing the descriptive challenges. The core innovation is
the combination of productive 2D CNC cutting, high-precision laser material processing of textile preforms using
ultra-short pulsed (UKP) laser radiation and fully automatic handling of individual preforms with integrated metallic
inserts. The technologies are integrated into a robot cell. By the integration of flexible software/hardware interfaces
and sensors in the production process, a highly flexible, hybrid production system is created. The networking of the
sub-steps in preforming (cutting, stacking, joining and forming), laser beam drilling and integration of the fasteners
as well as handling processes are carried out automatically with high reproducibility (Fig. 3).

Fig. 3: Representation of the CarboLase process chain
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IV. Results and discussions
A core component of the process chain is also the realization of a flexible tool which enables the forming, the
thermal activation of polymeric binder powders between the textile layer packages, the laser material processing to
drill holes, and the integration of fasteners on one station. One central challenge is the separation of the required
air flows for the:
 heating of the preforms to melt the polymeric binders between the individual layers during forming,
 cooling of the preforms after forming has been completed and
 removal of gases and particles generated during laser material processing.
The last air stream must be removed separately and filtered immediately, as the carbon fibre particles, some of
which are harmful to health, endanger employees and short-circuit electronic components due to their electrical
conductivity. Due to their highly abrasive nature, carbonfiber particles in the micrometer range can lead to
significant wear in axes systems and robot joints. In order to unite the tasks mentioned above into one step, which
used to be are carried out in separate stations according to the state of the art, different concepts were developed
and evaluated. Figure 4 shows a CAD-model of the identified solution concept. This is currently being implemented
at the ITA Preform Center.

Fig. 4: Detailed view of the multifunctional tool.

V. Conclusions
Industry and research work closely together in the CarboLase project. Together with AMPHOS GmbH, the
Fraunhofer Institute for Laser Technology ILT develops laser technology tasks in a project context. As a system
integrator, LUNOVU GmbH supports the networking of individual process steps and implements the integration of
sensor technology into the robotic cell at the Institute of Textile Technology at RWTH Aachen University ITA.
Kohlhage Fasteners GmbH & Co. KG develops the automated provision and integration of fasteners (inserts). ITA
takes over the implementation of the automated process chain for the production of laser-processed preforms in
close cooperation with all project partners.
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Abstract
In this study, a novel agrotextile material possessing both efficient water and fertilizer management was
developed and also applicability of this material under real conditions was tested. To this end, a nonwoven
material was coated with polymer/fertilizer mixtures and used as a source of water and fertilizer for Yedikule
lettuce in greenhouse trials. In this context, we determined the area and chlorophyll content of leafs. The results
showed that that utilization of the concerned coated nonwoven structures in agriculture/horticulture has the
potential to reduce the irrigation water and fertilizer consumption and thus help practicing sustainable agriculture.
Keywords: Agrotextile, controlled release fertilizer, water retention, lettuce.

I. Introduction
The increasing number in world’s population means higher demand for food and water. Threats in
agricultural production such as pests, loss of soil fertility and lack of water and nutrients may result in
low percentage of plants to harvest (Web page, 2018). To overcome these problems, farmers can
perform excessive irrigation and artificial fertilization, which impact negatively the sustainability of the
ecosystem. If these problems are not addressed, fertilizer industry faces a continuing challenge which
affects people’s food supply and environment as well as the surrounding ecosystem. This is done
either through improvement of fertilizers already in use, i.e., appropriate product design, or through
development of new specific fertilizer types, which is still at their infancy stage (Trenkel, 2010).
In the past decades, development and application of controlled release fertilizer (CRF) has drawn
attention all over the world due to its ability to enhance nutrient release rate as well as minimize the
environmental pollution caused by the lost fertilizers. In addition, there have been a lot of studies on
CRF materials possessing water absorption and retention properties. CRF, which is often called as
coated/encapsulated fertilizer, contains a plant nutrient in a form which delays its availability for plant
uptake and use after application (Trenkel, 2010). In addition to their non-renewability and low
biodegradability characteristics, the materials used in CRF production generally result in many
environmental pollution problems, hindering them from the large-scale applications in agricultural
fields. Thus, it is necessary to use biodegradable polymers in the CRF production.
Poly(vinyl alcohol) (PVOH) and carboxymethyl cellulose (CMC) are a biodegradable, non-toxic and
low cost polymers. In addition, CMC is one of the water soluble cellulose derivatives and it has been
used to make hydrogels with high water absorbency and water retention properties through physical or
chemical cross-linking. Above all, CRF production is costly and difficult because of additional
chemicals and complex synthetic routes (Xiang etal., 2008, Wang etal., 2012, Morita etal., 2002, Jin
etal., 2013). Additionally, CRFs can not give the nutrients according to the crop nutrient demand,
which is problematic in terms of both supporting proper plant growth and environmental issues (Morita
etal., 2002, Drost etal. 2002 Tian etal., 2005).
A different solution in this field would be the production of innovative agrotextile materials, which is
thought to address the above-mentioned problems. To this end, we generated an agrotextile material
possessing both efficient water and fertilizer management together with a mulching effect in a simple
and cheap way for the first time.
II. Experimental set-up and procedure
Materials
A nonwoven material was coated with a polymer/fertilizer mixture and cured under different conditions.
To this end, the following materials were used: Needle-punched nonwoven fabric (75/25 poly(ethylene
terephthalate)/viscose (PET/CV)) as base material, poly(viniyl alcohol) (PVOH, Mw: 146 000-186 000
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g/mol) and carboxymethyl cellulose (CMC, ASELSY2000, viscosity: 40 600 mPa·s) as coating
polymers, ammonium sulfate (AS, 21% N) and potassium nitrate (PN, 13% N) as fertilizer, citric acid
(CA, ACS reagent) as cross-linker for the CMC and Yedikule lettuce (Argeto vegetable seeds) as
plant.
Preparation and coating of PVOH/AS and CMC/PN solution
PVOH particles were dissolved in distilled water by heating in an oil bath at 95 oC. Ammonium sulfate
particles were added to the PVOH solution while dissolution proceeded. Afterwards, the PVOH/AS
solution was cooled down to ambient temperature and coating was performed. Coated fabric was
dried in an air-circulating oven at 80 °C. CMC particles were slowly added to distilled water at 100 oC
by stirring. Potassium nitrate was dissolved in distilled water at ambient temperature, added slowly to
the CMC solution. The solution was left to cool down to ambient temperature and then citric acid was
added. Finally, the PVOH/AS coated fabric was coated with the CMC/PN solution and subsequently
cured at 80 °C for 6 h.
Preparation of soil and germination of seeds for greenhouse trial
The greenhouse experiment was established at Erciyes University’s Soil Science and Plant Nutrition
laboratory and conducted from 05.12.2017 to 06.02.2018. Pots were filled with pre-prepared loamy
soil to a total weight of 5 kg. Then, the seeds were germinated at room temperature (25˚C - 30˚C) for
20 days. Afterwards, the coated fabrics were placed in the pots and then the lettuce plants were
watered two times a week by replacing the volume of water lost by evapotranspiration for 100%
irrigation pots, but the volume of water lost for the other samples (apply 50% water stress) was
calculated by the average weight loss of 100% pots at the end of each irrigation.
Harvesting
Lettuces were harvested three times at about two week intervals. Samples were placed in paper bags
to be transferred to the laboratory for analysis.
III. Analysis
Chlorophyll content analysis
The relative chlorophyll content (SPAD value) was determined by means of SPAD-502 chlorophyll
meter (Konica Minolta, Japan). Chlorophyll measurements were performed in all three harvesting
periods.
Leaf area analysis
During the all harvesting process, the total leaf area (LA) of the Yedikule lettuce plants was measured
with a leaf area measuring device (LI-COR, LI 3100 model, USA). The measurements were recorded
in cm2.
IV. Results and discussions
Leaf chlorophyll content and area
In both experiments, a high interaction was observed between N and the variety in terms of total leaf
area and leaf chlorophyll content.
V. Conclusions
The type of applied fertilizer affects the concentration of nitrogen in the edible parts of lettuce. Our
experimental results show that pots containing the agrotextile material are superior to others in terms
of soil quality, appearance, and the accumulation of nitrogen. The results of this study show that the
improved agrotextile material would be a significant step forward in the field of sustainable efficient
agriculture.
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Abstract

The purpose of this study is to investigate the sound insulation characteristics of magnetite containing nonwoven
materials in the range 125–6300 Hz frequencies. Initially, we focus on the effects of magnetite loading amount,
coating polymer type, magnetite particle size and the nonwoven’s physical properties like fiber type material
thickness, density, airflow resistance and porosity. To this end, nonwoven fabrics were coated with ethylene vinyl
acetate/magnetite and styrene butadiene copolymer latex/magnetite blends. Then, sound transmission loss
measurements of the layered structures were performed via experimental data collected from Brüel and Kjær
transmission loss tube Type 4206T. The noise insulation capacity of layered structures changes primarily
depending on the type of coating polymers and magnetite loading amount.
Keywords: Nonwoven fabric, coating, magnetite, styrene butadiene copolymer latex, ethylene vinyl acetate,
sound transmission loss.

I. Introduction
Over the last few years, customer demands regarding acoustic performance, together with the
tightening of legal regulations on noise emission levels and human exposure to noise, have made the
noise and vibration properties into important design criteria for vehicles (Desmet et al., 2013). The high
noise and vibration levels, to which drivers of vehicles are often exposed for long periods of time,
degrade the driver’s and passengers’ comfort and induce stress, fatigue and feelings of insecurity.
Therefore, it is important to be well optimized noise and vibration of motor vehicles for the automotive
industry, when considering health problems and globalization combined with increased competition in
the marketplace. This can be achieved when the intensity of sound is brought down to a level that is
not harmful to human ears (Jayaraman, 2015).
Achieving a pleasing environment can be obtained by using various techniques that employ different
materials (Jayaraman, 2015). Currently, the sound absorption market is dominated with glass wool,
foam and fibrous materials which prove to be the most valuable materials. However, many of these
materials are not the best suited for close contact with humans. For example, fiberglass which is a
common absorption material has hazardous effects when ingested by an individual (Maigure, 2015).
For this reason, nonwovens which are biologically friendly porous materials could be considered to be
a prospective candidate for sound absorption (Jayaraman, 2015). On the other hand, the inorganic
particulate-filled polymer composites, have been received much attention in the recent decade as
sound barrier/insulation materials (Liang, 2015). Typical inorganic filled polymers are loaded plastics,
loaded bitumen based heavy layers, and highly filled elastomers. Among others, highly filled
elastomers are the most important sound barrier materials thanks to their massiveness and yet
limpness (Hedeyati etal., 2009). The inorganic materials used so far for this purpose in elastomers are
as follows: calcite (CaCO3) (Liang, 2015, Hedeyati etal., 2009, Freundlich etal., 2004), barite (BaSO4)
(Hedeyati etal., 2009, Freundlich etal., 2004), carbon black (CB) (Lee etal., 2010, Jung etal., 2004),
CB+nanoclay (NC) hybrid filler (Annadurai etal., 2016), carbon nanotube (CNT) (Lee etal., 2008), mica
(Hedeyati etal., 2009), iron oxide silicate (Tsurumaru etal., 1988), and magnetite (Fe3O4) (Baeck,
1999, Zybarth, 2005). At this stage, it should be mentioned that magnetite is one of the most important
inorganic fillers used in polymers for sound damping purposes due to its high solid density (Baeck,
1999). In addition to the alone usage of nonwoven fabrics and inorganic filled elastomers, they can
also be used in combination, in which they are put together by coating or lamination (Atakan etal.,
2014, Canbolat etal., 2015, Vulpitta etal, 2009, Carson etal., 2014, Tang etal., 2017).
This study was undertaken for the first time to reveal the effect of different processing parameters
such as magnetite grinding, magnetite loading amount, type of coating polymer and also sound
frequency on the sound insulation of layered nonwoven structures. Besides, the effect of these
parameters on mechanical properties was investigated. Sound insulation was evaluated through the
sound transmission loss (STL) measurements using impedance tube equipped with four microphones.
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II. Experimental set-up and procedure
Materials
A nonwoven material was coated with a polymer/magnetite blends and cured under different
conditions. To this end, the following materials were used: Nonwoven fabric (HP Pelzer Pimsa
Otomotiv A.Ş., Turkey) as base material, carboxylated styrene butadiene copolymer latex (SBR,
LITEX T 77A40, Synthomer GmbH, Germany) and ethylene vinyl acetate (EVA, ALCUDIA® PA-440,
Repsol, Spain) as coating polymers and magnetite (MagniF 50, LKAB Minerals GmbH, Greece) as
acoustic material.
Specimen preparation
Grinding
Magnetite was dry ground in a Fritsch Pulverisette 5 planetary ball-mill at 400 rpm using balls with 5
mm diameter.
Preparation of SBR/magnetite mixtures and nonwoven coating
SBR was stirred by using a mechanical stirrer at room temperature. Afterwards, the previously
calculated amounts of magnetite (100 g/m 2, 200 g/m2, and 400 g/m2) were added. Nonwoven fabrics
were coated with the help of a Mathis laboratory SV coating device immediately after the mixing
process. The latex coated fabric was dried in an air-circulating oven at 80oC for 3 h and subsequently
cured at 120 °C for 10 min (Web page, 2017).
Preparation of EVA/magnetite compounds and nonwoven coating
EVA/magnetite compounds were generated using a co-rotating intermeshing twin screw extruder.
EVA/magnetite physical mixtures were dried at 50 oC for 24 h in an air-circulating oven and fed to the
extruder immediately after drying. The temperature of the extruder barrel zones was set to 50 oC, 5 x
170 oC, and the compounds were generated at a screw speed of 300 rpm. Coating of the nonwoven
fabrics was performed by using GULNAR 15 tone laboratory press (Gülnar Plastik Makineleri San. ve
Tic. A.Ş., Turkey).
III. Analysis
Particle size analysis
Particle size and particle size distribution analyses were performed on Mastersizer 3000 laser
diﬀraction particle size analyzer (Malvern Instruments Ltd, UK) from wet dispersions.
Sound transmission loss
Sound transmission loss of the samples was measured according to ASTM E 2611-17, which uses an
impedance tube equipped with four microphones, and a digital frequency analyzer for STL
measurement (ASTM E 2611, 2017).
IV. Results and Discussions
Particle size of the magnetite
Particle size is defined as equivalent diameter of a spherical particle and given as d10, d50 and d97
values. (d10: diameter where 10% of the population lies below this value, d 50: diameter where 50% of
the population lies below this value (mean particle size), and d97: diameter where 97% of the
population lies below this value). Particle size of the magnetite decreased to required level (d50<10 μm
after grinding (d10: 3.48 μm, d50: 7.35 μm, d97: 23.47 μm).
Sound transmission loss of the coated nonwoven structures
Considering the fact that a reduction of 3 dB in sound level is regarded as a noticeable improvement
(Whitney etal., 1996, Web page, 2017), only the EVA/magnetite coated nonwoven structures delivered
satisfactory results in terms of sound insulation property, which could be explained as follows: Coating
with EVA enables a tight and compact structure, which hinders sound transmission substantially. In
this case, usage of magnetite can show its benefit as a sound damping material. But, contribution of
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the magnetite is very limited in the latex coated nonwovens due to their having a fibrous, open and/or
crack structure depending on the magnetite loading amount.

V. Conclusions
The loading amount of magnetite and type of coating polymer have significant effect on the sound
insulation properties of the layered structures. The crack structure, which occurred in SBR/magnetite
coatings, limited sound insulation properties of these structures. On the other hand, tight structure of
EVA/magnetite samples led to a remarkable sound insulation improvement
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Abstract:
Recent development in chemistry, fibres and electronic technology provides new material directions for designers to develop
dynamic textiles that can change colour and pattern as a response to external environmental stimuli. Such dynamic textiles
create many opportunities including novel surface decorations, development of flexible displays that can express emotions or
signals and textiles for safety and camouflage. The photochromic material can be used to design textiles embedded with
reversible multi-colour changing effects that can be experienced in daylight conditions. The activation of the colour changing
effect of photochromic textiles is mainly influenced by the ultraviolet radiation that has a wavelength below 400 nm.
One of the limitations of using photochromic colourants for the development of multi-colour changing textiles is the inability to
control the activation of individual colours that have been applied to the textile surface. As such, the resulting visual experience
has the tendency to become predictable for observers, thus, restrict the creative product design possibilities. The research
conducted in this paper aimed to address this by exploring the possibility of handling different activation methods to control the
kinetic behaviour of photochromic textiles. Three different activation methods including; sunlight, artificial UV lights and SMD
UV LEDs were examined, and the possibilities to use each of these activation methods for the excitation of controllable
multi-colour changing photochromic effects was highlighted. The paper concludes with a discussion on the creative design
possibilities that can be exploited with such controllable multi-colour changing photochromic textiles, and appropriate visuals
have been referred to justify the findings.

Keywords:

Dynamic aesthetics, Multi-colour changing textiles, Non-emissive colours, Printed textile design

I. Introduction
Photochromism is a chemical process where a compound undergoes a reversible change between two states
having separate absorption spectra (Bamfield and Hutchings, 2010). This change occurs due to the influences of
the ultraviolet radiation. The forward colour change is facilitated by UV light, and the change in the reverse direction
occurs either thermally when the UV source is removed (T-type photochromism) or photochemically induced with an
irradiation of a different wavelength of light (P-type photochromism) (Christie, 2013). The colour change in
photochromism is generally ‘colourless to coloured’ and the materials undergoing this change called ‘photochromic
materials’.
Photochromism was first reported in the 19th century by Fritzsche, who observed a colour change in tetracene in the
presence of light (Tian and Zhang, 2016; Parhizkar, Zhao and Lin, 2014; Aldib, 2013). Interest in photochromism
increased around the 1940s, but the commercial awareness of photochromism has been identified during 1960s
due to the development of photochromic lenses, which darken in sunlight converting glasses to sunglasses (Little,
2008). Since then, this phenomenon was studied in much greater depth, and most of the research literature have
been reported in the areas of chemistry, physics, material sciences, crystallography, optics and polymer sciences
(Parhizkar, Zhao and Lin, 2014). There is also a growing research interest in photochromic textiles and considerable
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research has been published in the areas of application technologies including exhaust dyeing of synthetic fabrics
(Billah, Christie and Shamey, 2008; Aldib and Christie, 2011), measuring the photo coloration of printed
photochromic textiles (Little and Christie, 2010a; Vikova, 2011) and the assessment of the technical performance
photochromic textiles prepared with screen printing method (Little and Christie, 2010b; 2011).
The non-emissive reversible colour changing properties of photochromic colourants can offer numerous design
opportunities to significantly enhance the aesthetics of textile products. Despite the scientifically oriented research
attempts in photochromic textiles, the ability to utilise reversible colour changing properties of photochromic
colourants as a means of producing novel visual effects for textile application has only been exploited to a lesser
extent (Corns, Partington and Towns, 2009). One of the fundamental reasons for this lack of design research is the
difficulty of controlling the activation of individual photochromic colours that have been applied onto the textile
surface.

For example, when a textile printed with four different photochromic colours, the respective colours of

print activate simultaneously upon exposure to UV light. As such, the dynamic visual experience facilitated through
this material has the tendency to be predictable for observers. The research reported in this paper aimed to
this by exploring the possibility of handling different activation methods to control the overall kinetic behaviour of
printed photochromic textiles. This research paper attempted to examine sunlight and artificial UV light sources as
activation methods. The ability to control the photochromic colour changing effect was investigated by considering
the following features;
1. Controlling the colour changing visual effect by altering the colourfulness (colour strength or depth of
of the activated photochromic print design.
2. Controlling the colour changing visual effect by changing colours in specific (designated) areas of the
photochromic print design.
The research highlighted a number of decisive parameters associated with sunlight and artificial UV light sources.
The observational visual data was presented in order to describe the ability to use these parameters to make an
impact on the dynamic visual characteristics of printed photochromic textiles. In addition, the paper also examined
the possibility of electronically controlling the colour changing functionalities of printed photochromic textiles. To
realise this, regulated UV radiation was reflected onto the reverse side of the photochromic textile using
small-scale Surface Mounted Device UV LEDs. The experimentation indicated the ability of instantly activating a
larger area of a print design with strong, deep multiple photochromic colours. Two decisive parameters that can be
used to electronically activate and control the dynamic colour changing characteristics of printed photochromic
textiles were highlighted. The paper concludes with a discussion on the creative design possibilities of each
activation method when complemented with printed photochromic textiles.
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II. Experimental Set-up and Procedure
Author’s design practice and design thinking was considered as the main method of investigation, and the data
(visual, textual, numerical) was generated by directly experimenting with the photochromic material, screen print
processes, activation methods and related technologies. The progress of this research was mainly monitored by
‘observing’ the colour changing effect of the printed samples and evaluating them with relevant activation
procedures that had been used to produce those effects. These observations were captured under consistent
visual data capturing settings with three different activating methods. This form of structured and directed
observational data collecting procedures enabled to considerably reduce the subjective nature of the observational
data and also to achieve high validity and reliability of the research outcomes. The activating methods and
associated data capturing settings are;



Capturing setting 01: Activating printed photochromic textiles with solar UV radiation (sunlight)

The textile samples printed with multiple photochromic inks were photographed before and after sunlight exposure.
The images collected from this approach visualised the different types of effects that the printed textile designs can
have when they were placed in indoor or outdoor conditions. The photographic procedure and the equipment used
during this setting can be seen in Table 1.
Tab. 1: The description of data capturing setting 01

Capturing Setting 01
1

Photographic procedure

Photographed before the sunlight exposure.
Photographed after approximately 10 seconds of sunlight exposure.
Different angles and zooming lenses were used to capture the larger
areas of the activated photochromic colour of the printed textile
surfaces.



2

Equipment used

Canon DSLR camera with 18-135 mm focus lenses

3

Image type

Camera Raw Images

Capturing setting 02: Activating printed photochromic textiles with an artificial UV light (UV torch)

In capturing setting 02, visual data were collected by using a UV torch with two LEDs with a capability of emitting a
consistent 365 nm UV wavelength profile. The technical specification of the torch and photographic procedure of
this setting can be seen in Table 2.

3
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Tab. 2: The description of data capturing setting 02

Capturing Setting 02
Description
Model

3 modes
zoomable
UV torch

Weight

130g

Working
voltage

4.5 V

Output
power

5W

No.
LEDs

of

UV
wavelengt
h

1

Photographic
procedure

2
365nm

Photographed before UV exposure.
The UV torch was directed onto the printed photochromic textile sample and
switch on for approximately 10 seconds. The photographic evidence were
recorded as soon as the UV torch was switched off.
In order to examine how the printed photochromic colours react to variable
UV radiation intensity, the visual data can also be recorded by altering the
operating distance between the printed textile surface and the UV torch. To
achieve this, the UV torch was held onto a table clamp and placed on a
stationary position. The printed photochromic textile samples were mounted
onto whiteboards/wall and exposed to UV torch in variable distances.

2

Equipment used

Canon DSLR camera with 18-135 mm focus lenses

3

Image type

Camera Raw Images
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Capturing setting 03: Activating printed photochromic textiles with SMD UV LEDs

A Surface Mount UV emitting LEDs (SMD UV LEDs) were used according to the following procedures in order to
collect the observational visual data.
Tab. 3: The description of data capturing setting 03

Capturing Setting 03
Description

1

Photographic
procedure

Model

Surface
Mount UV
LED

Dimension
Radiant
flux

6.8 (L), 6.8
(W), 2.1 (H)
mm
590 mW
maximum

Forward
voltage

3.2 V to 3.9
V

Forward
current

Variable

Peak
wavelengt
h

365 nm

As an approach to regulate the UV radiation intensity that is reflected onto
the reverse side of the printed textile surface, the SMD UV LED was
activated for variable time intervals and the photographic evidence was
recorded as soon as the SMD UV LED was switched off.
As an approach to regulate the UV radiation intensity that is reflected onto
the reverse side of the printed textile surface, the operating distance
between the printed textile surface and the SMD UV LED was also altered.
In order to accurately change the operating distance, a milling machine
base equip with measurable X/Y axis was employed.

2

Equipment used

Canon DSLR camera with 18-135 mm focus lenses

3

Image type

Camera Raw Images

The photochromic textile samples examined in this research paper were produced by screen printing (a screen
made out of 90T monofilament polyester mesh) commercially available water based photochromic inks as a
pigment printing method.

5
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The water based photochromic inks visualise a colourless effect once printed onto textiles. When exposed to UV
radiation, the inks change colour from colourless to coloured (colourless → coloured). When removed from the UV
exposure, the inks gradually return to their original colourless state (colourless ← coloured). The water based
photochromic inks are commercially available in different reversible colour changing options including; Clear
(colourless) ⥨ blue1, clear ⥨ red, clear ⥨ yellow, clear ⥨ green and clear ⥨ purple. In order to produce the

muti-colour changing textiles, primary photochromic colours of blue, red and yellow were screen printed onto
medium weight plain cotton white (PCW) fabric. To expand the colour changing options, some textile samples were
also printed with the combination of photochromic and static pigment inks. An important technical properties
associated with the commercially available water based photochromic inks can be referred in Table 4.

Tab. 4: Technical properties of the commercially available water based photochromic inks

Water based photochromic ink
properties
Ink composition / Printing paste

Description

Pigment content of the ink (%)

50% photochromic pigment slurry + 50 % water based textile acrylic
binder
24 ± 2 %

Pigment size

95% of the pigments are less than 8 microns (µm)

Solvent

Water

Ink viscosity (cps)²

˃ 5000

(Viscosity of the mixture of slurry and
textile binder measured on a LVT
Brookfield viscometer at 25 ºC)
Recommended mesh size for screen
printing

90 T (Number of threads per 1cm)

Finishing parameter

The printed ink should be dried at 130 ºC for 2 to 3 minutes

Storage

Do not store in temperature in excess of 25 ºC. Do not freeze.

III. Analysis
The observational visual data collected from consistent data capturing settings were used as the main sources of
analysis. Throughout this research, the visual data analysis was made by comparing the degree of activated
photochromic colour against the relevant activation method that had been experimented. This process was also
complemented with critical reflective practice that enabled the author to obtain an original insight into the behaviour
of the material as well as the impact of individual activation method for the excitation of controllable colour
changing effect on photochromic textiles.

Clear (colourless) ⥨ blue symbolize the reversible colour changing effect of photochromic blue colour which changes from
clear or colourless to blue upon UV exposure and returns back to colourless when remove from the UV radiation.

1
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IV. Results and discussions

Sunlight (Solar UV radiation) as an activation method

According to Lucas, et al. (2006), the Ultraviolet radiation that was emitted by the sun can be classified into three
main bands; UV A (315 nm – 400 nm), UV B (280 nm – 315 nm) and UV C (100 nm – 280 nm). When sunlight
passes through the atmosphere, 100% of UV-C and approximately 90% of UV B radiation are absorbed by the
ozone layer. Thus, the solar UV radiation mainly consists of UV A and a small component of UV B (Lucas et al.,
2006). Commercially available photochromic colourants change colour upon exposure to any UV wavelength,
therefore, exposing the printed photochromic textiles to sunlight can be considered as the most convenient method
of activation.
In response to incident sunlight, the textiles printed with photochromic colour changing inks ‘rapidly’ change colour
from colourless to coloured. The intensity of solar UV radiation is determined by many environmental factors such
as time of the day, time of the year (season), latitude and cloud cover (Lucas et al., 2006). Depending on these
environmental factors, a subtle variation on the activated effects can be observed on the printed photochromic
textiles. For example, the images in figure 1 demonstrate how the different outdoor conditions could change the
colourfulness of the activated multicolour photochromic textiles. It is not possible to predict the environmental
factors that influence the outdoor conditions. Therefore, sunlight can be considered as an uncontrollable activation
method that could trigger an unpredictable multi-colour changing effect on the printed photochromic textiles.
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1a.
1b.
1c.
1d.

Multi-coloured photochromic pattern before UV exposure.
The photochromic pattern was activated by direct exposure to solar UV on a sunny day (UK Summer) at
12.30 pm.
The photochromic pattern was activated by direct exposure to solar UV on a cloudy day (UK Winter) at
10.30 am.
The photochromic pattern was activated by direct exposure to solar UV on a cloudy day (UK Winter) at
4.30 pm.

Fig. 1: The images demonstrate the different activated multi-colour effects of a photochromic pattern (Capturing setting 01).

Although it was difficult to predict how strong the photochromic colours activate under sunlight, it was still possible
to create a subtle variation on the activating area of the printed photochromic design. As can be observed in figure
2, the activation of the multiple photochromic colours can be temporarily altered 2 by interrupting the interaction of
sunlight with the printed photochromic textile surface.

2

The effect is temporal since the inactive photochromic colours activate as soon as they expose to sunlight.
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2a.

The image shows a design printed with multiple photochromic colour-changing options. Upon exposure to
direct sunlight, photochromic colours activated (left). When the interaction of the sunlight was interrupted
with a transparent UV absorbing acrylic sheet (right), the area printed with photochromic colours remained
inactive.

2b.

Our physical movements can also trigger temporal effects on the activated photochromic design.

Fig. 2: Images show the possibility of activating a temporal effect by interrupting the sunlight exposure of the printed
photochromic textile surface (Capturing setting 01).

Moreover, the interaction of the sunlight can also be disrupted by manipulating the printed photochromic textile
surface with different methods such as folding, pleating or layering. For example, as can be seen in figure 3 (image
3a), the printed photochromic area, which was directly exposed to sunlight, remains with activated photochromic
colours as long as it was exposed to sunlight. However, the activation of the fabric beneath the pleat was reduced
due to obscuration by the top fabric layer. When the pleat was unfolded and was exposed to direct sunlight, the
inactive photochromic colours started to rapidly change colour to match with the surrounding activated effect of the
photochromic design.

Fig. 3: The images demonstrate the potential of manipulating the photochromic textiles in order to obtain a temporal variation on
the activated multi-colour photochromic effect (Capturing setting 01).

As highlighted above, exposure to direct sunlight can result in rapid activation of strong photochromic colours, and
the colourfulness of the activated print remains as long as the surface was directly interacting with strong/bright
sunlight. Therefore, in order to observe slow changes of subtle hues, the printed photochromic textile has to be
kept away from sunlight exposure (indoor) so that the activated photochromic colours could deactivate gradually
into their original colourless state. Depending on the photochromic colour-changing options integrated into the
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printed image or pattern, the subtle variation of transitional hues can also be observed in an indoor environment
Therefore, regularly changing the surrounding environment of the printed photochromic textile surface from indoor
to outdoor enable the observer to experience a dynamic printed effect where a decorative design appears, change
colour and disappear with different colourfulness.

Fig. 4: The images show the dynamic visual effects that can be activated by changing the surrounding environment from
outdoor to indoor.

Sunlight (Solar UV radiation) as an activation method:

Decisive parameter that can be used to

activate a temporal multi-colour effect on printed photochromic textiles
Since the commercially available photochromic colourants simultaneously activate to UV radiation, it is difficult to
control the changes of individual colours of a photochromic design. Therefore, as an approach to control the overall
dynamic visual characteristics of photochromic designs, the following features have been considered.
1. Controlling the colour changing photochromic effect by altering the colourfulness (colour strength or colour
depth) of the activated photochromic print design3.
Or
2. Controlling the colour changing photochromic effect by changing colours in specific (designated) areas of
the photochromic print design.

3

The colourfulness of a photochromic print can also be determined by the colorant concentrations on the ink formula. However,
as described in section II of this paper, a consistent pigment slurry concentration was maintained for the preparation of the inks
for each photochromic colour.
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Sunlight, as an activation source, triggers an instant colour change 4 on the entire imagery or pattern printed with
photochromic inks. Moreover, the intensity of solar UV radiation can change the colourfulness of the activated
multiple photochromic colours, however, this could be highly uncontrollable and unpredictable since it was
determined by many environmental factors. Even though the dynamic visual characteristics of photochromic
textiles could not be ‘controlled’ under sunlight (in terms of colourfulness and activating area of the design), the
interruption of sunlight exposure may create a subtle and temporal effect on the activated photochromic surface (as
can be seen in figure 2 and 3). Such temporal effects can differ depending on the type of interference. For example,
the presence of external objects or surface modification methods such as folding, pleating or gathering can
facilitate a different level of interference for the sunlight exposure of printed photochromic textile. Therefore, the
interruption of sunlight exposure can be considered as a decisive parameter that can only trigger a subtle and
temporal effect on the textile printed with multiple photochromic colours.

Artificial UV emitting light sources as an activation method

An alternative method of activating a printed photochromic textile would be to use an artificial light source that has
the capability to emit UV radiation at various intensities. There are many types of UV light sources commercially
available, and some of the general information is summarised in the following table.

Tab. 5: Commercially available UV light sources.
UV light source

Technical Specifications
Commercially available UV LED torches offer a different
level of output power ranging between 5W to 8W.
Emit peak wavelengths in the ranges of 365nm, 375nm,
385nm, 395nm.
Most torches are equipped with one to several numbers of
UV LEDs

UV LED torches
Source: Various suppliers

4

Generally, supply UV radiation in an angle ranging
between 10º to 140º

As soon as the photochromic textile is exposed to sunlight, the color changing effect can be observed.
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Equip with one or two UV tubes with a power of 4W, 15W,
25W or 40W.
Generally available in different wavelengths in the regions
of UV-A, UV-B, and UV-C.
Variable UV radiation angles.

Handheld or large format UV lamps
Source: Ultra-violet products Ltd.
(www.uvp.com)
Generally equipped with a UV bulb with a power of 35W or
50W.
The beam profile can be selected from spot beam to flood
beam. At a distance of 38cm, the UV intensity of a 50W
bulb is 60000µw/cm² (Spot beam) or 5800 µw/cm² (Flood
beam).
At a distance of 38cm, a 50W bulb covers an area that has
a diameter of 14 cm (Spot beam) or 29 cm (Flood beam).
High intensity UV spot / flood lights
Source:
Advanced
NTD
(www.advanced-ndt.co.uk)

LTD

The bulb achieves full power within 5 to 15 seconds of
operation. After that, the bulb provides a constant UV
intensity.
Peak wavelength 365 nm.

Compared to solar UV radiation, the artificial UV emitting light sources can be handled to supply a consistent UV
radiation onto the printed photochromic textile surface. It is also important to understand, how the consistent UV
radiation emitted by these light sources could be used to control the overall dynamic visual characteristics of
printed photochromic textile designs. As indicated in the previous section of this paper, altering the colourfulness of
the activated multiple photochromic colours or changing colours in designated areas of the printed design can be
considered as potential features to control the visual effects of photochromic designs. The following section
investigates the possibility of achieving such controllable features when using artificial UV lights as an activation
method.
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Artificial UV emitting light sources as an activation method: Decisive parameters that can be
used to activate and control the multi-colour changing characteristics of photochromic textiles
As highlighted by Viková, Christie and Vik (2014), exposing the photochromic print to a higher UV radiation
intensity can result in a strong, deep photochromic colours activated on the printed textile surface. The simplest
method of regulating the UV radiation intensity supplied by a particular UV light source (that has a specific output
power) would be to alter the operating distance between the printed textile surface and the UV light source.
Furthermore, the exposure duration of the photochromic print (operating duration of the artificial UV light source)
can also increase the colourfulness of the activated photochromic colours until it reaches to its maximum level.
Since the adjustment of operating duration of the UV light source or operating distance of the UV light source can
change the colourfulness of a photochromic effect, they can be considered as decisive parameters that can be
used to control the dynamic visual characteristics of printed photochromic textiles. These variable parameters can
be implemented with any commercially available UV emitting light sources. Depending on the technical
specification of the selected light source (output power, radiation angle) the above parameters can activate and
control the multi-colour changing effect of the printed photochromic textile surface. Some of the examples of such
controllable photochromic effects can be seen in figures 5 and 6 below.

Fig. 5: Images show a textile printed with a combination of photochromic and static pigment colours. Different levels of activated
photochromic colours can be observed when using UV torches with different technical specifications (Capturing setting 02).
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Fig. 6: When an artificial UV light is transmitted through a stencil, an imprint of the stencil can be transferred onto the printed
photochromic textile surface. By altering the operating duration or operating distance of the light source, the colourfulness of the
activated multiple photochromic colours can be accurately controlled.

Commercially available UV emitting light sources can also be handled to control the dynamic aesthetics by
changing colours in specific (designated) parts of the printed photochromic textiles. For example, a UV torch or a
high-intensity UV spotlight can be focused onto a specific area so that the printed areas of the design change
colour according the photochromic ink/colour option that had been printed on the textile surface. Depending on the
requirement, the observers could change the focus of the UV source to another area of the printed surface. This
allows the printed design of the focused area to be activated while previously activated areas are transforming into
their original appearances. An example for such controllable colour changing effect can be seen in figure 7.

Fig. 7: Using a UV light source to control the colour changing effects in different areas of the printed design.
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Although the artificial UV lights can be used to control the dynamic aesthetics of photochromic designs, they,
however, present some limitations. The artificial UV lights (UV torches, UV lamps or high-intensity UV spotlights)
are larger in size, and the emission of UV radiation has to be directed either to the printed photochromic textile
surface or the reverse side of the photochromic surface. The operating duration, operating distance or even the
direction of UV emission of the light sources can be physically or mechanically controlled. However, these
mechanisms tend to occur externally to the printed photochromic textile surface. Moreover, repeatedly pointing an
artificial UV light source towards a particular area of a photochromic design may create a predictable activation of a
multiple colour changing effect. The operating duration or distance of the UV light source may change the
colourfulness of the activating photochromic colours. However, the repeating flashes of the UV light on a particular
printed area could give life to photochromic elements to appear or change colour repeatedly in a similar way. (i.e.
Once the observer experience an effect, they can expect the same effect when repeatedly reflect the UV light).
Due to such limitations, the creative applications of dynamic photochromic textiles could be restricted to a certain
extent. In order to expand the boundaries and to locate new application scenarios, it is important to identify a
versatile activation method to support the multiple colour changing functionalities of the printed photochromic
textiles. Moreover, if there is an ability to complement an electronically controllable activation method alongside
with fine decorative multicoloured photochromic prints, visually stimulating experiences can be obtained since the
activation method can conveniently control the colour changing functionalities of the decorative features of
photochromic printed designs. As an approach to instantly activate a larger area (territory) of printed design with
stronger photochromic colours, Surface Mount Device UV emitting LEDs (SMD UV LEDs) can be used to reflect
UV radiation to the reverse side of the printed photochromic textile surface. The description of the activation
method, the parameters and the potential of electronically controlling the activation of stronger photochromic
effects were discussed in the following section of the paper.

SMD UV LEDs as an electronically controllable activation method
Compared to conventional artificial UV sources such as lamps or bulbs, UV emitting LEDs offer a number of
advantages. For example, UV emitting LEDs consume less power to operate, and the output beam can be focused
directly onto a targeted area. Unlike conventional artificial UV sources, UV LEDs do not require any warm-up times
and the emission of UV radiation can be switched on and off within a few tens of nanoseconds or even faster
(Kneissl, 2016). The UV LEDs can be operated at moderate DC voltages, and the emission wavelength of UV
LEDs can be designed to cover any wavelength in the UV spectral range of UV-A (400nm - 320nm), UV B (320nm
– 280nm) and UV C (280nm – 200 nm).
When attempting to use SMD UV LEDs to activate and control the kinetic behaviour of printed photochromic
textiles, it was important to consider a device with higher output power (radiant flux) value. Thus, an SMD UV LED
that can emit a peak wavelength of 385nm with a considerably higher radiant flux (590 mW) was used, and the
reflected UV light was regulated by altering the parameters of operating duration and operating distance of the
SMD UV LED. In order to understand how the visual characteristics of photochromic textiles respond to the
regulated UV light, a geometrical pattern consisted with different sizes of squared shapes was designed and
screen printed onto medium weight plain cotton white (PCW) fabric with water based photochromic red inks.
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Fig. 8: The photopositive artwork of the geometrical pattern that was printed onto the PCW fabric.

As indicated in figure 9, the printed PCW fabric was mounted onto a thick whiteboard frame and placed in a
stationary position. Fine copper wires were soldered onto the SMD UV LED according to the manufacturer’s
recommended conditions and connected to laboratory DC power supply. The laboratory DC power supply also
offered the flexibility to input a constant electrical power at different time intervals. The soldered LED chip was
attached to a whiteboard and then mounted onto an adjustable milling machine base (equipped with a measurable
X, Y axis) which was placed behind the printed PCW fabric surface. By maintaining the input electrical power
(forward voltage 3.5 V, forward current approximately 550 mA) and the operating distance between the SMD UV
LED to the printed PCW fabric surface (30 mm), the LED device was switched on for 2 seconds, 5 seconds, 10
seconds and 15 seconds respectively. After activating the printed fabric, the LED was switched off, and the
resulting colour changing effects were captured photographically and can be seen in figure 10.
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Fig. 9: Experimental apparatus.

Fig. 10: Changes to the photochromic effect when switch on the SMD UV LED for variable time intervals (Capturing setting 03).
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As can be seen in the above images, increasing the operating duration of the SMD UV LED could increase the
colourfulness of the photochromic pattern until it reaches its maximum level. The recorded visual data also
provided an indication of the measurement of the activating territory (colour spot) that could be achieved by placing
a small SMD UV LED from the reverse side of the photochromic textile. For example, when the LED was switched
on for 2 seconds, a spot that has a diameter of 4 cm (approximately) can be activated. When the operating time of
the SMD UV LED was increased to 10 seconds, the diameter of the activated spot was increased (12 cm) and a
much stronger photochromic red colour spot can be observed.
The ability to change the colourfulness of the photochromic print by altering the operating distance of the SMD UV
LED was also examined. The adjustable milling machine base equipped with measurable X/Y axis, allowed the gap
between the photochromic textile and the LED device to be set precisely. The SMD UV LED was switched on for 10
seconds (with voltages of 3.3V, 3.4V and 3.5V) and the gap between the printed PCW fabric and the LED device
was accurately adjusted for various distances. After 10 seconds of activation, the SMD LED was switched off, and
the activated photochromic effects of the PCW fabric were visually recorded in figures 11 and 12.

Fig. 11: The dependence of the photochromic effect on the gap between the PCW and SMD UV LED.
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Fig. 12: The dependence of the photochromic PCW fabric surface on voltage values and operating distances.

19

114

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Different photochromic effects resulted as a response to the variable operating distances of the SMD UV LED.
According to the visuals presented in figures 11 and 12, it was evident that the operating distance between the
textile surface and the SMD UV LED clearly determining the colourfulness as well as the measurement of the
colour changing spots that can be observed on the PCW fabric. For example, having a gap of 5 mm to 10 mm
between the fabric and the LED can activate a strong, deep photochromic spot that has a diameter of 4 cm. When
the gap is increased to 30 mm, the colourfulness of the activated spot was decreased; however, the diameter of the
activated spot was significantly increased up to 12 cm. When the gap between the fabric and the SMD UV LED
was further increased, a larger spot with lighter photochromic red colour can be observed. Supplying higher
electrical power to the operation of the SMD UV LED can also enhance the colourfulness of the activated spot;
however, this factor can only become significant when there is a larger gap between the fabric surface and the
SMD LED device.
This experiment was conducted with the latest SMD UV LED device that was available at the time of the
experiment. However, due to the rapid development of the LED technology, there can be superior SMD UV LED
devices that can operate with the lower electrical power to emit stronger UV radiation (higher radiant flux) in larger
emission angle. Having such devices could significantly enhance the resulting visual characteristics of the
activated photochromic textiles.

SMD UV LEDs as an activation method: Decisive parameters that can be used to electronically
activate and control the dynamic visual characteristics of printed photochromic textiles

As indicated in the previous section, the dynamic visual effects of printed photochromic designs can be controlled
by altering the colourfulness of the design or changing colours in specific (designated) areas of the design. One of
the advantages of using SMD UV LEDs as an activation method is the ability to connect the operation of the
individual SMD UV LED to an electronic circuit so that the functions of the LED can be controlled electronically. For
example, a circuit can be designed to switch on the SMD UV LED for a specific time duration and this system can
be used as a method to supply controllable UV radiation to the reverse side of the photochromic design. As shown
in figure 9, an electronically controllable SMD UV LED activation of 2 seconds, 5 seconds, 10 seconds or 20
seconds could trigger photochromic colours to be observed in different colourfulness. The larger spots can give life
to a number of photochromic colour changing options. This would allow a multi-coloured spot to be appeared in
variable colourfulness and disappear according to the operating duration of the SMD UV LED. An example of such
electronically controllable effect is given in figure 13.
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Fig. 13: Images show the activation and deactivation of a multi-coloured circular spot for the regulated operation of SMD UV
LED (Capturing setting 03).

According to the findings reported in figures 11 and 12, the alteration of the operating distance of SMD UV LED can
significantly change the measurement of the colour changing spot while creating an impact on the colourfulness of
the photochromic textile surface. However, attempting to electronically control the gap between the fabric surface
and the SMD UV LED could be an impractical option since it requires development of a complex mechanism.
As an approach to simultaneously activate a number of larger circular zones in designated areas of a printed
photochromic design, a number of SMD UV LEDs could be used on a grid panel and positioned from the reverse
side of the printed surface. Electronic circuitry designed with a programmable sequence could activate the
individual SMD UV LED to specific sequences and variable time of operations. Such programmable electronic
activation of the SMD UV LED grid can influence an instant activation of photochromic spots in different areas of
the design in various colourfulness. By considering this potential, it was evident that the operating duration and
operating sequences of the SMD UV LEDs can define the visual effect of multi-coloured photochromic prints, thus,
they can be considered as the decisive parameters that can be used to ‘electronically’ activate and control the
dynamic visual characteristics of printed photochromic textiles.
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IV. Conclusions
Three methods for the activation and controlling of multi-color photochromic effects on textiles were examined, and
main research findings in relation to these methods were summarised in the following section.
The textiles prepared with commercially available water based photochromic inks instantly and uniformly changed
colour upon exposure to sunlight. The intensity of solar UV radiation changes according to many environmental
factors, thus, sunlight as an activation source triggers an uncontrollable and unpredictable colour changing effect
on the photochromic designs printed on textile surfaces. It was evident that the photochromic design remains
active as long as the textile is exposed to sunlight. However, the research suggested that the interruption of
sunlight exposure can be used as a decisive parameter in order to activate a subtle and temporal effect on the
printed photochromic designs. The design practitioners could apply this parameter innovatively to enhance the
visual appearance of a textile product. For example, the ability to dynamically change the surface appearance of a
garment without using any external power sources (batteries) or integrating conductive material could open up new
design opportunities in fashion designing. Further experimentation could result in innovative garments or textile
accessories with the ability to animate the appearance in an indoor or outdoor environment.
Artificial UV lights including UV torches, UV bench lamps or high-intensity UV spotlights can also be used as
activation methods for the textiles printed with water based photochromic inks. According to Viková, Christie and
Vik (2014), the UV radiation intensity can determine the colourfulness of a photochromic textile, thus, the operating
duration or operating distance of the artificial UV lights can be used as decisive parameters in order to make an
impact on the visual characteristics of printed photochromic textiles.
The paper also examined the potential of using SMD UV LEDs as an electronically controllable activation method
to instantly trigger a larger area of printed design with stronger photochromic colours. In order to obtain strong
photochromic spot that has a diameter of approximately 12 cm, the SMD UV LED had to be positioned 30 mm
away (from the reverse side of the printed PCW fabric) and should be switched on for 10 seconds under 3.5 V. It is
also possible to further enhance the colourfulness of the activated spot, however, that require a longer operation of
the SMD UV LED (i.e. switching on the LED for 15 seconds). As an approach to activate circular zones in
designated areas of a larger printed photochromic design, a number of SMD UV LEDs can be used as a grid panel
and can be complemented with electronic circuitry. Different operating durations and sequences of the SMD UV
LED would enable the different spots of the photochromic design to activate in variable colourfulness.
The ability to electronically control the photochromic effects with small-scale SMD UV LEDs would create new
application scenarios for multi-colour changing printed photochromic textiles. For example, this technology can be
applied to design large scaled smart textile displays or textile hangings to enhance the visual experiences within a
built environment. Since the SMD UV LEDs can influence an instant activation of a larger circular zone, minimum
numbers of LEDs are required to activate a complete decorative imagery or pattern screen printed with
photochromic inks. The printed textile designers could consider the positioning of the SMD UV LEDs and the
measurement of the activating circular zones to design decorative images or patterns. Depending on the
photochromic colour changing inks being used to screen print the image or pattern, the decisive parameters of
operating duration and operating sequences of the SMD UV LEDs could be programmed. This would enable the
observer to experience a dynamic visual effect where larger spots in different areas of the printed design
22
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simultaneously appear with multiple colours, change into totally different colours and gradually return to their
original state while visualising multiple transitional hues. Moreover, it is also possible to develop complex electronic
circuitry that can sense external information (i.e. distance, voice levels) and control the decisive parameters of
operating duration and sequences of the SMD UV LED grid panel. Such features could invite the observers to
interact with the photochromic textile display/hanging and consequently, facilitate an unpredictable activation of
dynamic visual effects on printed photochromic textile surface.
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Abstract
Research in textile technology and biosensors for the development of smart textiles, wearable sensors and textile electrodes
has brought great contributions to health monitoring areas. Such contributions have also been a source of inspiration for the
Arts field. Schizophonic Machine is an artistic, conceptual and experimental proposal of a wearable interface (smart clothing),
aiming to enhance the artistic experience so as to register possible signs of sensation. It is assumed that the human body is a
“sound body”, a sonorous body, whose vital signs (“vibrations”) change according to the emotions produced in the
relationships established in the daily life and the sensations triggered in the encounter with Art. What would the body in its
relation with Art “sound” like? Is it possible to capture the sensations - those which precede emotions - produced in their
encounter with Art? A sound body presumes a listening. This proposal, which is a result of 20 years of research, intends to
pursue those questions, but not necessarily to answer them; quite the contrary: to experiment with other possible listenings
beginning with available sensors and textile technology.
Keywords: schizophonia, body, listening, sensations, wearable interface, smart textiles.

Introduction
Schizophonic Machine is both a conceptual and experimental proposal. As a concept, schizophonia is suggested
to be a condition to our existence right before the body becomes a body, and this one a schizophonic machine, in
whose interior affects float, a continent where the sonorous rest. Among the sounds from the outside and the
ones produced within the (human) body there is a zone of indiscernibility that speaks (sometimes yells) in silence,
but keeps histories in its cellular memories that could be told from the points of view of sound and listening.
As an experimental proposal, the Schizophonic Machine emerges from the desire to tell this body’s history (its
affective memories) from a sonorous-visual experimentation with “affective technologies” and sensory devices
(such as biosensors and e-textiles) aiming to explore new possibilities of listening, having the body as an object,
the skin as an interface, and the sight as a listening (a “listening of sight”). Beyond the exploratory use of those
technologies, what is intended is an exercise of creation in which the production of sensations – the effective
potency of Art – is experienced by means of a reverse process: a self-affection when the spectator becomes the
work of art and vice-versa.
Schizophonia is a concept coined by Canadian composer Murray Schafer to describe the split (schizo) between
the sound and its issuing source (phonia), the split between an original sound and its electroacoustic reproduction
in a soundscape. When he devised this concept, Schafer thought of how technologies capable of transmitting
sounds instantly from one place to another (such as the radio and telephone), and equipment capable of
recording and reproducing them in the future brought a dose of “schizophrenic” drama. Schizophonia is
approached herein on a more poetical aspect, from a view of the body as a “sound body” 1 (a schizophonic
machine).
Schizophonia would be a condition to our existence. Within the uterus, the fetus listens to the mother’s sounds
and recognizes them, but listens to the external sounds without recognizing the source that produces them. The
fetus not only listens to the sounds, but also vibrates with them, transfigures itself in sound, thus it defines its
sound, a rhythmic identity.
As a starting point to tell the affective memories of the body, the creation of a wearable interface is proposed, an
interface capable of making the body’s sound frequencies visible by means of a transduction process of sonorous
frequencies into luminous ones. Making these frequencies visible would result in a visual mapping of the emotions



1
We are a sound body if we take other body frequencies not easily audible into consideration, as American composer John
Cage’s experience in the anechoic chamber in 1951 reports. Cf. John Cage. Silence: lectures and writings by John Cage.
Middletown: Wesleyan University Press, 1973.
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produced by the body, whose sonorities (frequencies) alter upon the emotions that are triggered to it, as it is the
case with blood pressure and heart rate, which raise and accelerate, respectively, depending on the intensity of
emotional discharge.
But as for the sensation, which precedes emotions - would it be possible to visualize it? In order to visualize it, it
would be necessary to capture it. “How to capture these signals” is the great question of this research, if we think
of the “sonorities of the body” (its frequencies) from a point of view deeper and more subtle than the heart beats,
for example. It would be necessary to create a favorable environment for this capturing. Or else, to enjoy
environments with greater affective potency: an art gallery, for example.
The Schizomachine proposal starts from this: a wearable interface to be exposed at a museum as a work of art.
But not a work to be appreciated at a distance, as when one observes a painting, for example. One would have to
wear it, and transform themself in art. Instead of looking at it from the outside, one would look at it from within by
getting into the machine. This is where the questions emerge: What would the body, in its relation with Art,
“sound” like? Is it possible to capture the sensations produced in the body’s encounter with Art?

Theoretical concept: the schizo-body and sensitive communication
These questions emerge as a result of 20 years of research, bringing to light three important components of our
communication process: sensations, emotions, and feelings, which compose an aesthetic dimension of (our
body’s) life and consequently of communication in its most silent, deep and sensitive form. Aesthetic, in its
primary assemblage (aisthesis, from Greek, to feel), would be the “elementary particle of speech” from which the
becomings of sensitive communication unfold. One speaks of silence in the gesture or in the speech, in the sound
of a butterfly’s wings or Messian’s birds, in the encounter between an orchid and a wasp, in Pollock’s Action
Painting, in a black or white woman’s death. In all that is beautiful and ugly, there is the sensitive in all that affects,
crosses and communicates.
Many authors support the thought that communication is not a human privilege. Plants, animals, fungi, bacteria,
viruses etc. exhibit mechanisms of communication, each with their singularities projected by nature 2. Before that,
however, from a macro existence, these beings, living and communicating, exhibit a machinic efficiency in the
microscopic universe (in sub-cell and cell units, organs etc.). The same efficiency that ensures their existence
also guarantees their communication with the environment. Similarly, with all their machinic complexity, long
before acquiring the (oral and written) language, the human being already communicated in their “proto-existence”
in the “uterine box”, making us believe that human communication also “speaks” in its micro-universe long before
an existence in the macro.
Communication comes about naturally, in the bond established between the fetus and the mother, in the bees’
dance, in the birds’ chirping, and it precedes the (verbal) language, or before that, language precedes it: the
sensitive, tacit, silent (non-verbal) language, from which the complex plot of social communication will later be set.
This plot of what has been known as communication reveals itself in the codified language of speaking, writing,
music, the press, the computer…, but also of the body, gesture, culture.
Communication would be as well a natural process (the birds’ chirp, a bee’s buzz, the ants’ silent labor, a baby’s
cry), artificial (verbal, oral and written language; sound and musical language; visual and computer language) and
sensitive (the one that crosses the other two, the gesture, the movement, the silence, the imperceptible). An
aesthetic process on which the body depends - because the body feels, even before it becomes a body.
Everything begins and ends with a body. Thus, communication would be possible in its most silent form,
beginning with the body before it becomes a body.
A body can be anything: a sonorous object 3, a work of art or the very human body. “Anything” sounds, even if it is
imperceptible. What has drawn my attention is the human body, which I perceive as a “sound body”. A body is not
defined by its organs or functions, but by “a relation of movement and rest, speed and slowness, by a combination
of atoms, an emission of particles.” (Deleuze & Guattari, 1987: 276). “The body has a breath and a scream”4. It
vibrates, therefore. It has movement and sensations. “It moves as it feels, and it feels itself moving” 5.



In her book entitled Comunicação e Pesquisa (São Paulo: Hacker Editores, 2001), Lucia Santaella made a mapping of the
Communication area, and presented definitions of communication by various authors right in the beginning of the book, from
Philosophy and Theory of Systems to the Cognitive Sciences.
3
A reference to the concept of sound object (objet sonore), coined by French composer Pierre Schaeffer.
4 Antonin Artaud. Eu, Atonin Artaud. Lisboa: Assírio e Alvin, (2007).
5
Brian Massumi. Parables for the Virtual: Movement, Affect, Sensation. Durham: Duke University Press, (2002).
2
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If a body is not defined by its form but by its “cartography” (as we can see in neuroimaging brain maps or MRI),
which contents go through it? To start with, the sound, which “designs” its rhythmical identity as it is composed
with other sounds, other bodies. Each body, a sonority. Each sonority, an identity. We are “music” 6, therefore.
Like communication, emotion is not a human privilege. Even the simplest beings in their machinery are capable of
having emotions. Paramecium, amoeba, and fly are among the examples cited by Portuguese neuroscientist
António Damásio 7 on Looking for Spinoza: joy, sorrow and the feeling brain (2003), to whom emotion is a
biological and evolutionary process 8. For neuroscience, emotions precede feelings because they are physical
reactions of the body elaborated in the process of evolution of species in order to guarantee life (homeostasis).
Emotions are apparent (a face that blushes with embarrassment, shaky hands and a trembling voice when
speaking in public); they manifest in the body as detectable chemical and neural responses, even when they are
not visible to the naked eye (such as background emotions, with subtle body and facial manifestations). These
responses are automatic, produced when the brain detects an emotional-competent stimulus (ECS), an object or
event whose real or remembered presence releases the emotion. According to Damásio (2003: 53), “the brain is
prepared by evolution to respond to certain ECSs with specific repertoires of action. However, the list of ECSs is
not confined to those prescribed by evolution. It includes many others learned in a lifetime of experience.”
Feelings are a third stage in this sensitive process, when the intellect comes into play to interpret the sign
(emotion, what caused it, why etc.). If emotions are apparent, feelings are invisible; they constitute the
background of the mind. We may not be able to hide anger, for example (the face and the body denounce us), but
we are able to hide the hurt (either consciously or unconsciously) felt by the same agent that had caused the
anger in the past (what once was just body reaction, when interpreted by the mind, often becomes resentment).
Emotions betray us publicly. They are immediate bodily reactions, but feelings can be kept secret, repressed or
sublimated. I call this feeling stage thirdness, and the emotion stage secondness, from Charles Sanders Peirce’s
Semiotics9. But before this body reacts, there is an early stage that precedes the other two: firstness, where
sensation occurs.
From the point of view of Peircean semiotics, life is a semiotic process in which these three sensitive stages
happen all the time, going unnoticed. They are like breathing, to which we only turn our attention when we run out
of it. Otherwise, we keep on living, unaware of this simple act of breathing, on which our life depends. The
sensation would become apparent when the duration and intensity with which the phenomenon that affected us
were “long” enough to make us aware of its presence, as in artistic experience, for instance. On the other hand, it
would remain acting, subtly and quietly, as part of “everyday emotions”.
“Long enough” does not mean it is measurable in time (how long did it last?). It is more of a “lasting intensity”,
though immeasurable and unspeakable; a non-time or suspended time experience. In a work of art, sensation is
what is preserved. Although the work does not last any longer than its support and materials (stone, canvas,
color, chemistry etc.), the sensation is preserved in the affected body’s memory as well as in the work’s affection
potency. “In a novel or a film, the young man will stop smiling, but he will start to smile again when we turn to this
page or that moment.” (Deleuze & Guattari, 2013: 163).
If the sensation is not measurable in the experience of time (the chronological), is it possible to capture and
visualize affective states produced in its encounter with Art? What happens in the brain before the physiological
reactions of the body when a person is looking at / listening to a work of art? How to capture and interpret the
signals that precede body reactions (changes in blood pressure, heart rate, sweat, temperature, muscle tension
etc.), as soon as the stimulus reaches the brain (sensation), and how to use those data to construct this schizointerface, without losing sight of the artistic function it proposes, are the challenges of this research.



Perhaps it would be better to say that we are a “sound body”, as mentioned above, if we consider the traditional concept of
music, which implies a composer’s existence. However, I use the idea of music herein from the poetics of the concept of the
body ruled by the brain.
7 Several researchers have brought great contributions to the study field of emotion, especially on the emotional recognition,
such as Ekman (1980, 1992, 1994), Picard (2000), Schwartz, Weinberg, and Singer (1981), Sinha, Lovalo and Parsons
(1992), Roberts and Weerts (1982), Ax (1953) etc. Damásio is adopted here for his identification with the schizo-interface
concept, and for leading to ways for a future record of the sensation awakened in the encounter with Art.
8
“It is legitimate to ask at this point why emotions precede feelings. My answer is simple: We have emotions first and feelings
after because evolution came up with emotions first and feelings later. Emotions are built from simple reactions that easily
promote the survival of an organism and thus could easily prevail in evolution.” (Damásio, 2003: 30)
9 Cf. Electronic edition of The Collected Papers of Charles Sanders Peirce. Reproducing Vols. I-VI ed. Charles Hartshorne and
Paul Weiss (Cambridge, MA: Harvard University Press, 1931-1935), Vols. VII-VIII ed. Arthur W. Burks (same publisher, 1958).
6
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A wearable schizo-interface: the Schizomachine concept
Schizomachine is a proposal of smart clothing design that intends to make this sensitive communication process
of the human body visible when in contact with art. We begin from the hypothesis that Art is capable of enhancing
the aesthetic dynamic of life (the sensitive); it makes us more vulnerable and receptive to the unpredictable, to the
affections that a certain work is capable of shooting at us. This schizo-interface aims to make these “inaudible
traits of the body” visible by means of the viewer’s physiological parameter monitoring methods during the artistic
experience. It is believed that in an artistic context, outside a laboratory, more subtle states of emotions 10
(sensation) can be observed.
In order to do so, technologies are needed to identify the emotions in real time while they are felt by the subject,
with the possibility of sending data via Bluetooth. Before the very design of the interface, tests using the selected
technologies are required so as to identify the one that best fits the project, and to develop a way to capture and
evaluate the physiological components of emotion in an environment less similar to a laboratory. The technology
chosen should be effective for individuals from any culture, and who carry distinct physiological characteristics; it
should also be discreet and versatile enough to be used in any artistic context.
With the purpose of making this interface building viable, the work concept has led the research. Inspired by
artists Marcel Duchamp11 (when the concept becomes a work of art), John Cage12 (listening is the work of art),
Marina Abramovic13 (the body is a work of art), Helio Oiticia14 and Lygia Clark15 (action is the work of art), the
Schizomachine suggests placing the body in the work and the work in the body, and transforming the spectator
into a work of art so as to boost the affective production during the experience. To blend concept (schizophonia),
listening (listening to the sight), body (a wearable interface), and action (wearing it on it instead of observing it)
into a single concept - the body as a schizophonic machine: as a body-machine, how am I affected by this
schizophonic garment while it reveals my body’s affective thoughts?
Among the various fonts of inspiration in the field of wearable interfaces are the Bubelle dress (2006), developed
by Studio XO16, which changed colors based on the wearer’s mood, and the poetic and conceptual dresses by
Chinese artist Yin Gao 17 , such as (No)Where (Now)Here (2013), made of “photoluminescent thread and
imbedded eye tracking technology activated by spectators’ gaze.”
Technically, the results reached by Project BIOTEX18, an EU-funded project (2005-2008) “that aimed to develop
textile sensors to measure physiological parameters and the chemical composition of body fluids,” showed the
possibility to monitor a number of physiological parameters together with sweat composition in real time. Among
the sensors developed by this project are sodium, conductivity, and pH sensors, besides sensors for sweat rate,
ECG, respiration, and blood oxygenation. Nevertheless, the “action” of the Schizomachine concept should
consider possible subtle movements or no user movement, which may hinder data capture and would make it
impracticable to use these biosensors.
The interface’s visual concept follows the proposal of a second skin with wearable sensors distributed around a
wearer’s body, which suggests the need for biosensors where the textile itself is the sensor. This seems to be the
BIOTEX project contribution. However, sensory devices should allow integration with a programming environment
that can put the transduction of emotion into effect, which is not clear about the sensors developed by BIOTEX,
since most medical equipment comes with proprietary software tools and do not allow integration with
programming environments such as Processing and Max/MSP, and prototyping platforms, such as Arduino.
Alternatively, we are in testing process with the biosensors and board developed by Bitalino19, to capture signals
of Electromyography (EMG), Electrocardiography (ECG), Electrodermal Activity (EDA), Electroencephalography
(EEG), and the EEG systems developed by Wearable Sensing20, for capturing and evaluating EEG signals with
more precision.


10

Emotion is treated here in a broad sense, including the previously presented concept of sensation, since there are still no
records that indicate sensation in itself, as a state before emotions.
11 A reference to the ready-mades, concept-works created by the artist between 1912 and 1919.
12 A reference to his work named 4’33” (1952).
13
A reference to her several performances, especially to the exhibition The Artist is Present, MOMA, 2010.
14
A reference to the work Parangolé (1964).
15 A reference to the work O eu e o Tu (1967).
16
http://www.studio-xo.com/
17
http://yinggao.ca/info/contact/
18 Cf. http://ieeexplore.ieee.org/document/5373946/
19 http://bitalino.com/en/
20
http://wearablesensing.com/index.php
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Final Considerations
It is too early to confirm the hypotheses and concepts presented herein. However, empirical experiments with
undergraduate students of Journalism at the Federal University of Ouro Preto, Brazil, between 2013 and 2017, as
well as previous personal experiences when I started this study in 1998, strongly indicated the affective potency
(and communication potency, on a sensitive bias) of Art, especially of Contemporary Art, as well as of other
sensitive processes of communication, and their influence on our physical and emotional states. The proposed
wearable interface emerges as a way to test those experiences with cutting-edge technologies, not making
technology the goal, though. Technology should only be used as part of the design process, in order to enable the
theoretical-aesthetic concept of the interface. This research is expected to bring contributions to the areas of Art,
Technology, and Communication.
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Abstract
3 mol% Dy3+ doped cobalt niobate (NiNb2O6) compound has been synthesized by molten salt method using Li 2SO4/Na2SO4 salt
mixture as a flux. X-ray diffraction patterns of 3 mol% Dy3+ doped NiNb2O6 compound indicated orthorhombic columbite single
phase. SEM analysis revealed that Dy3+ doped NiNb2O6 has a submicron particle size. The photoluminescence of NiNb2O6:Dy3+
phosphor has exhibited in a dominant yellow emission at 579 nm with an excitation wavelength of 366 nm. The synthesized
submicron phosphor particles were successfully incorporated into Polyurethane fibers by utilizing electrospinning technique.
The average fiber diameter obtained through the process ranged between 192±62 nm and 387±341 nm. Mechanical
characteristics of the produced nanofibrous webs were strongly influenced by the fiber morphologies and size (diameter)
distribution rather than the phosphor particles incorporated into the fibers and/or located on the web. The photoluminescence of
composite fiber material increased with the increasing phosphor content.
Keywords: electrospinning, luminescence, nanofiber, rare earth ion

I. Introduction
Rapidly developing photonic technology in the last three decades has make human life easier with new
impressions and solutions in terms of speed, capacity and simplicity. Luminescence applications are used a wide
field such as lighting, screen technology, laser technology, imaging technologies, optical data communication etc.
The rare earth (RE) ions most commonly used for luminescence applications as phosphors, lasers, and amplifiers
are the so-called lanthanide ions. These ions are usually incorporated in crystals as divalent or trivalent cations
(Nakamura and Fasol,1997).
There are several investigations on the luminescent properties of electrospun fiber composite materials. For
example, Poly(vinyl alcohol)/[EuW 10O36]9 composite fibers were obtained by the electrospinning technique (Lu et.al,
2006). In another study, Dy3+ doped CoNb2O6 was synthesized by molten salt synthesis and then incorporated into
Polyamide 6 fibers by using electrospinning technique (Erdem et.al, 2017).
In this study, 3 mol% Dy3+ doped NiNb2O6 was synthesized by molten salt synthesis and then incorporated into
Polyurethane (PU) fibers by using electrospinning technique. Because, 3 mol% Dy3+ doping concentration is the
best concentration data for highest emission of NiNb2O6 phosphor which was previously studied by (Ekmekçi et.al,
2015) we’ve used this doping value for incorporation.

1
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II. Experimental Set-up and Procedure

Fig. 1: Flow diagram of molten salt synthesis

Figure 1 shows the flow diagram of molten salt synthesis. 3 mol% Dy3+ doped NiNb2O6 columbite ceramic powders
were synthesized via molten salt route by mixing starting materials of nickel nitrate [Ni(NO3)2.6H2O] and niobium
oxide (Nb2O5) at a salt to oxide weight ratio of 2:1. Li 2SO4-Na2SO4 salt mixture was used at molar ratio of
0.635/0.365. After mixing of starting materials (nickel nitrate, niobium oxide, and dysprosium oxide) in an agate
mortar, Li2SO4 and Na2SO4 salt mixture was subsequently added and ground together with the first mixture. Then
they were mixed well to provide homogeneity. After calcining of sufficient amount of mixture at 900 ◦C for 4 hours in
an alumina crucible, they were washed with ultrapure water and vacuum filtered several times in order to remove
ionic salts from the oxides. The presence of the sulfate ions in filtrate were controlled by qualitative reactions.
III. Analyses
The phase determination in sintered samples were investigated by X-ray diffractometer (XRD, Rigaku Corp.,
D-MAX 2200) using Cu-Kradiation at a scan rate of 2°/min between 20-65° and Ni filter.
Morphologic properties of powder and fibers were investigated by scanning electron microscopy «SEM» (FEI,
Oregon, USA, Inspect S50). Elemental compositions of sintered powders were analyzed by SEM-EDS (JEOL,
Tokyo, Japan, JSM–5910LV) which is equipped with energy dispersive spectroscopy «EDS» (OXFORD
Instruments, Abingdon, England, INCAx-Sight 7274; 133-eV resolution 5.9 keV).
Photoluminescence (PL) measurements, excitation and emission spectra were recorded by using a Scinco
floromaster-FS/2 model fluorometer with a Xe-arc lamp (150 W) as excitation source. All of the measurements
were carried out at room temperature.
IV. Electrospinning process
Polyurethane (PU) which has a molecular weight of 155,000 g/mol was acquired from NanoFMG (Turkey).
Tetrahydrofuran (THF) and N,N-dimethylformamide (DMF) purchased from Sigma–Aldrich (Germany) were used
as solvents without further purification. All other chemicals used were reagent grade.
PU (10 wt%) was dissolved in dimethylformamide (DMF)/tetrahydrofurane (THF) mixed solvents at the ratio of
50/50%, (v/v) at room temperature for 6 h by using lab-oratory type magnetic stirrer (Stuart, SB 162). The second
blend solution was prepared by adding 50 mg of NiNb2O6:Dy3+ (LUM) compound and BYK 411 (rheological agent) into
the PU solution. Viscosities of the solutions were identified with a Brookfield Digital Viscometerby using s21 type
spindle with a rotational speed of 100 rpm/min.The electrical conductivity of the blended solutions was also
mea-sured with a laboratory type conductivity meter (WTW, Cond 3110) under ambient atmosphere.
Electrospinning process parameters were determined as the following; feding rate, 2 ml/h; applied voltage, 33 kV;
distance between feeding unit to collector, 23 cm.
2
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V. Results and discussions
V.I. X-ray diffraction analysis of 3 mol% Dy3+ doped NiNb2O6 powder
As luminescence materials, rare earth doped oxides have excellent chemical and thermal stability along with
outstanding luminescent efficiency and their color purity, for this reason, they are used a very large field. Among
the oxide materials, columbite-type niobate compounds MNb2O6 (M= Sr, Co, Cd, Ni, etc.) having orthorhombic unit
cell and space group Pbcn (60) are known as interesting host materials. Columbite structures are of interest due to
their optical, dielectric and magnetic properties. Figure 2 shows the structure of NiNb2O6columbitethat consists of
two kinds of octahedra as NiO6 and NbO6. There are three kinds of empty octahedral sites as 4a, 4b and 8d in the
columbite structure. The Dy3+located into the crystal with push-pull forces as the interstitial ion.

Fig. 2: Representation of CoNb2O6 columbite crystal structure projected along the c axis

In this study, in the literatüre has been previously reported 3 mol% Dy3+ doped nickel niobate (NiNb2O6) compound
which synthesized by molten salt method by (Ekmekçi et.al, 2015).

Fig. 3: XRD patterns of 3 mol% Dy3+ doped powder

XRD pattern of 3 mol% Dy3+ doped NiNb2O6 powder is presented in Figure 3 that occurred with calcination time of 4
hours at 800 ºC. The 3 mol% Dy3+ doped NiNb2O6 phase crystallized (JCPDS card no: 32-0304) in orthorhombic
symmetry with space group Pbcn(60) having the columbite type structure.

3
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V.II. SEM-EDS analyses of 3 mol% Dy3+ doped NiNb2O6 powder

Fig.4:Scanning electron microscope (SEM) photography of 3 mol% Dy3+ doped NiNb2O6powder

Fig.5: Energy dispersive spectroscopy (EDS) analysis of 3 mol% Dy3+ doped NiNb2O6powder

Figure 4 gives the SEM micrograph of 3 mol% Dy3+ doped powder at 40.000 magnification. The average grain size
is about 300 nm and in the range of between 100 and 650 nm. Figure 5 shows EDS analysis revealed that the
elemental compositions (weight% and atomic%) of 3 mol Dy3+ doped NiNb2O6 grains were in agreement with the
atomic theoretical composition.
V.III. SEM analysis of 3 mol% NiNb2O6:Dy3+ incorporated PU composite fiber
In Figure 6, SEM micrographs exhibited that unifom and defect free pure PU and LUM incorporated fibers were
gained thgrough the electrospinning process. The diameter sizes of obtained fibers were measured as 595±320
nm for pure PU and 555±295 nm for LUM incorporated PU fibers.
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Fig.6: SEM micrographs of (a) Polyurethane (PU) fiber and (b) 0.05 g, 3 mol% NiNb2O6:Dy3+ of incorporated composite fibers
at magnification 10.000×

V.IV. Spectroscopic analysis

Fig.7: Atomic structure of rare earth ions

Figure7 shows atomic structure of rare earth ions. The (RE)3+ ions are formed by ionization of a number of atoms
located in periodic table after lanthanum: from the cerium (at.no 58), which has an outer electronic
configuration ....5s2 5p6 5d1 4f1 6s2, to the ytterbium (at. no 70), with an outer electronic configuration ....5s2 5p6
5d1 4f14 6s2.
Trivalent rare earth (RE)3+ ions after losing the 5d1 and 6s2 electrons have an outer electronic
configuration ....4fn5s2 5p6 , where n (n=1,2,..13) varies from 1 cerium (Ce3+) to 13 (Yb3+) and indicates the number
of electrons in the unfilled 4f shell. The 4f n electrons are, in fact, the valence electrons that are responsible for the
optical transitions. In (RE)3+, the shells of 4f are shielded by the surrounding 5s and 5p shells. Since the
5
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luminescence of (RE)3+ ions originates from the transitions within the 4f shell, and because this shell is surrounded
by shells 5s and 5p, the absorption and emission of ions are affected less than other factors such as crystal field.
Since valence electrons are the same for all ions, they all exhibit very similar reactivity and coordination behavior.

Fig.8: Emission spectrum of composite fibers incorporated 3 mol% NiNb 2O6:Dy3+ under 354 nm excitation.

The photoluminescence of NiNb2O6:Dy3+ phosphor has been previously reported in the literature in which the
highest luminescence was obtained for 3 mole% Dy3+ doped sample (Ekmekci et. al, 2015). As seen from Figure 8,
the emission spectrum of composite fiber occurred due to NiNb2O6:Dy3+ phosphor powder which incorporated PU
fiber. One of the RE3+ ions, Dy3+ ion has two predominant emissons in the 4f–4f transitons where luminescence of
composit fiber has occurred. The yellow color (577 nm) corresponds to the electric dipole band transition 4F9/2→
6H
4
6
3+
13/2 and, the blue color (485 nm) corresponds to the F9/2→ H15/2 magnetic dipole transitionof the Dy dopants.

Fig. 9: The schematic energy levels of Dy3+ ion or NiNb2O6:Dy3+ phosphor which incorporated composite fibers.

Energy level diagram of trivalent Dy ion is given in Figure 9. The energy levels of the Dy3+ ion excited from the
ground state by using 354 nm wavelength, are beginning to the emission after a non-radiative transition. Radiative
transition level of Dy3+ ion 4F9/2 is, emission transition bands 6H13/2 (yellow color at 577 nm) and 6H15/2 (blue color 485
nm) are.
VI. Conclusions
NiNb2O6:Dy3+

incorporated Polyurethane (PU) composite fibers have been succesfully produced by
6
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electrospinning process. Electrospun membrane exhibited luminescent characteristics. For future studies, particle
size of NiNb2O6:Dy3+ can be decreased so that the surface area of the particles can be increased to obtain better
luminescent effect. Besides, by altering the solution properties as well as electrospinning process parameters,
better electrospun nanofibrous membrane morphology and characteristics can be established.
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Abstract:
In this study, it is aimed to determine the effects of filament fineness on the water resistance property of water
repellency finished filament woven fabrics. For this aim, 1/1 Plain weave polyester filament woven fabrics were
produced from 110 dtex polyester yarn samples with different filament finenesses (0.33 dtex, 0.57 dtex, 0.76 dtex,
1.14 dtex, 3.05 dtex). Water repellent finish was applied to these samples and water repellency and water
resistance properties of the finished samples were tested. As a result of this study it is observed that the filament
fineness has no considerable effect on water repellency (spray test) and contact angle. But, an obvious increasing
trend of water resistance was available with finer fialments in yarn structure. In this study, the effect of water
repellency treatment was also investigated for breaking strength, breaking elongation, static tear strength, dynamic
tear strength, air permeability and water vapour permeability for water repellency treated and untreated samples. A
minor increase was observed for air permeability whereas there was a minor decrease in water vapour
permeability after water repellency treatment. Also, there was no consistent trend for breaking strength but higher
results were obtained for both static and dynamic tear strength after water repellency treatment.
Keywords:

Microfilament, woven fabric, water resistance, water repellency

I. Introduction
Water resistance is the most important property in the application fileds for fabrics used as the sportswear, rain
coat, tent, sleeping bag and surgical gowns. Today, generally coating and laminating techniques are applied to th
fabric surface to obtain water resistance for a good barrier effect against weather conditions. Despite the coated
and laminated products serve good barrier effect against weather conditions, in the literature some researchers
suggested densely woven and water repellency treated microfilament woven fabrics for a good breatheability
instead of coated and laminated fabrics (Ruckman,1997a; Ruckman,1997b; Holmes, 2000). Many researchers
support the foresight of the high barrier effect against weather conditions and improve the water resistance
properties by means of water repellency finishing of densely woven microfilament woven fabrics. Since densely
woven fabrics produced from microfilament yarns have a very compact structure due to small pore dimensions
between the fibers inside the yarns and between yarns themselves (Çoban, 1999; Schinder 2004; Molliet, 1963;
Holme, 2003). Thus it should be possible to obtain higher water resistance by providing finer filaments in fabrics
structure.
II. Material and Method
This study was focused on the effects of filament linear density on the water resistance property of the polyester
filament woven fabrics. Polyester microfilament textured yarns of 110 dtex with 0.33, 0.57 and 0.76 dtex filament
linear densities and conventional polyester textured yarns of 110 dtex with 1.14 and 3.05 dtex filament linear
densities were chosen. Then 1/1 Plain woven fabric samples were produced by using these yarns merely in weft
direction. For warp yarn 83 dtex polyester yarn with 1.14 dtex filament linear density was used. Figure 1, exhibits
the SEM views of the weft yarn cross sections used in the study.
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(a)

(b)

(c)

(e)

(d)

Figure 1. Cross-sectional SEM views of weft yarns with (a) 0.33 dtex, (b) 0.57 dtex, (c) 0.76 dtex, (d) 1.14 dtex, (e) 3.05 dtex
filament linear density with 1720 times magnification

The woven samples were then applied to water repellency treatment by fluorocarbon-based finishing material with
a sample foulard. 20 g/L of water repellent chemical was used in the solution. Wet pick-up of the fabric samples
was about 65% with the squeezing pressure of 3. The samples were dried by a sample drying machine at the
drying temperature of 170ºC for 1 minute drying time. SEM views of the sample fabrics are given in Figure 2,
suffices for exhibiting the non-existence of an additional layer on fabric surface after water repellency treatment.
(a)

(b
)

(c)

(e
)

(d)

Figure 2. SEM views fabric samples with weft yarns of (a) 0.33 dtex, (b) 0.57 dtex, (c) 0.76 dtex, (d) 1.14 dtex, (e) 3.05 dtex
filament linear density - 160 times magnification

The structural properties of unfinished and finished samples namely, weft/warp sett, fabric mass and fabric
thickness were determined according to TS 250 EN1049-2 (1996), TS EN 12127 (1999) and TS 7128 EN ISO
5084 (1998), respectively and are given in Table 1.
Table 1. Structural properties of samples before and after water repellency treatment
Filament linear Thickness, mm
Fabric mass, g/m²
Weft sett, wefts/cm
density, dtex
Untreated
Treated
Untreated
Treated
Untreated
Treated
0.33
0.22
0.21
117
119
32
32
0.57
0.22
0.21
116
118
32
32
0.76
0.22
0.22
115
117
32
32
1.14
0.23
0.22
116
118
32
32
3.05
0.24
0.23
118
121
32
32

Warp sett, warps/cm
Untreated
Treated
77
77
77
77
77
77
77
77
77
77

After finishing, water repellency of fabric samples was determined according to standard of TS 259 EN 24920,
spray method and also the contact angle of the samples was determined according to TS EN 828, by using Tetha
Attension Optical Tensiometer test device with distilled water. The water resistance of the samples was determined
according to TS 257 EN 20811 by using a hydrostatic pressure test device with 100 cm² test head and 10 cm water
column/min pressure rate. Besides, air permeability, water vapour permeability, tensile strength, dynamic tear
strength and static tear strength tests were performed to observe the effect of water repellency treatment according
to TS 391 EN ISO 9237, BS EN 7209, TS EN ISO 13934-1, TS EN ISO 13937-1, TS EN ISO 13937-2, respectively.
2
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III.Results and Discussion
Water Repellency
The spray rating levels of the samples are given in Table 2 and contact angle values of the samples are given in
Table 3.
Table 2. Spray rating levels of the samples
Filament linear density,
Rating
dtex
0.33
AATCC 100 / ISO 5
0.57
AATCC 100 / ISO 5
0.76
AATCC 100 / ISO 5
1.14
AATCC 100 / ISO 5
3.05
AATCC 100 / ISO 5

Table 3. Contact angle values of the samples
Filament linear density, dtex
0.33
0.57
0.76
1.14
3.05

Contact angle, º
134
135
132
138
135

As a result of spray rating and contact angle tests, it is seen that a good level of repellency was obtained after
water-repellent treatment. But also, it should be regarded that there is no considerable effect of filament fineness
on water repellecy as seen in previous studies (Öztürk, 2016; Akıncı 2017).
Water Resistance
Water resistance of treated samples is given in Figure 3. As it is seen, there is an obvious tendency of water
resistance increase as the filaments get finer in fabric structure. The filament fineness, pore dimension and total
pore size of the sample yarns used in this study can be compared with Figure 1. It is seen that dimension of one
pore between the filaments and total pore size in yarn cross section decrease as the finer filaments are used. So
that, for water repellency treated fabrics, increase in water resistance by finer filaments is a probable result of
decreasing the porosity of the fabric structure proving the literature (Çoban, 1999; Schinder 2004; Molliet, 1963;
Holme, 2003).
90
80
70
60
50
40
30
20
10
0

cm water
column

0,33

Water Resistance

0,57
0,76
1,14
Filament linear density, dtex

3,05

Figure 3. Water resistance of water repellency finished samples

Air Permeability
Air permeability of the samples before and after the water repellency treatment is given in Figure 4. It is seen from
Figure 1 that the total porosity between the filaments in yarn increase as the coarser filaments are used. Higher
porosity provides an easier passage of air through the fabric and air permeability increases. For the samples used
in this study, a regular tendency of increase in air permeability is obvious for coarser filaments for both untreated
and treated samples. Also, a slight increase in air permeability is observed after water repellency treatment. By
water repellency finishing lower surface tension is obtained for fabrics surface. This situation may be a probable
result of lower affinity of air to fabric surface providing an easier passage of air through the fabric.
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Figure 4. Air permeability of untreated and treated samples

Water Vapour Permeability
Figure 5 exhibits the water vapour permeability of the samples before and after the water repellency treatment.
There is a slight increase in water vapour permeability of the fabrics as the filaments get coarser in the yarn
structure for both untreated and treated samples. Besides, there is a minor decrease in water vapour permeability
after the water repellency treatment.
Water vapour permeability

g/m².gün
1000
Untreated

Treated

800
600
400
200
0
0,33

0,57

0,76

1,14

3,05

Filament linear density, dtex

Figure 5. Water vapour permeability of untreated and treated samples

Tensile Strength
Tensile strength and elongation values of the samples for both untreated and treated samples are given in Figures
6 and 7, respectively.
Tensile strength - weft direction

N
800
700

Untreated

Treated

0,33

0,57

600
500
400
300
200
100
0
0,76

1,14

3,05

Filament linear density, dtex

Figure 6. Tensile strength of untreated and treated samples
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Tensile strength values of the samples increase by using finer filaments in yarn structure for untreated samples. On
the other hand, there is no regular tendency in tensile strength with water repellency treatment. With respect to
elongation, there is no regular tendency of increasing or decreasing with filament linear density. Besides, higher
elongation values are observed for treated samples in comparison to untreated samples

35

Elongation - Weft direction

%
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30

Treated

25
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10
5
0
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1,14
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3,05

Figure 7. Elongation of untreated and treated samples

Static Tear Strength
Static tear strength of the untreated and treated samples is given in Figure 8. It is seen that, there is no
considerable effect of filament linear density on static tear strength. But, the water repellency treated samples have
considerably higher static tear strength results than untreated ones.

20

Static tear strength

N
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Figure 8. Static tear strength of untreated and treated samples

Dynamic Tear Strength
Figure 9 shows the dynamic tear strength of untreated and treated samples. Similar to static tear strength filament
linear density does not have any effect on dynamic tear strength. Also, water repellency treatment has no
considerable effect on dynamic tear strength.
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Figure 9. Dynamic tear strength of untreated and treated samples
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IV. Conclusions
As a result of this study it is observed that the filament linear density has no considerable effect on spray test
results and contact angle, but also an obvious increasing trend of water resistance is available. In this study, the
effect of water repellency treatment was also investigated for air permeability, water vapour permeability breaking
strength, breaking elongation, static tear strength and dynamic tear strength. For this aim, related tests were
performed for water repellency treated and untreated samples. A minor increase was observed for air permeability
whereas there was a minor decrease in water vapour permeability after water repellency treatment. Also, there was
no consistent trend for breaking strength but an increase was detected for breaking elongation after treatment.
With respect to tear strength, there is a considerable increase in static tear strength after water repellency
treatment whereas the dynamic tear strength of the samples are similar for untreated and treated samples.
References
Akıncı C. F., Mikrofilament İnceliğinin ve Atkı Sıklığının Su İticilik Bitim İşlemi Görmüş Bezayağı ve Panama
Kumaşların Performans Özelliklerine Etkilerinin Araştırılması. Yüksek Lisans Tezi. Tekstil Mühendisliği Bölümü,
Kahramanmaraş, (2017).
Çoban S., Genel Tekstil Terbiyesi ve Bitim İşlemleri, Tekstil ve Konfeksiyon Araştırma Uygulama Merkezi Yayını,
İzmir, 153-160, (1999).
Holmes D.A., Performance Characteristics of Waterproof Breathable Fabrics, Journal of Industrial Textiles, 29,
306-316, (2000).
Holme I., Water Repellency and Waterproofing (DEREK HEYWOOD Editor). Textile Finishing, Society of Dyers
and Colorists, Hampshire / U.K., 135-213, (2003).
Molliet J.L., Waterproofing and Water-Repellency, Elseiver Publishing, New York, 46-293, (1963).
Öztürk Ş., Dokuma kumaşların yüzey pürüzlülüğü ile yapısal özellikleri arasındaki ilişkinin incelenmesi, Yüksek
Lisans Tezi, Namık Kemal Üniversitesi Fen Bilimleri Enstitüsü, (2016).
Ruckman J.E., Water Vapour Transfer in Waterproof Breathable Fabrics Part 1:Under Steady-State Conditions,
International Journal of Clothing Science and Technology, 9, 1, 10-22, (1997a).
Ruckman J.E., Water Vapour Transfer in Waterproof Breathable Fabrics Part 2:Under Windy Conditions,
International Journal of Clothing Science and Technology, 9, 1, 23-33, (1997b).
Schindler W.D., Chemical Finishing of Textiles, Woodhead Publishing, Cambridge/England, 74-85, (2004).

6

137

ETT0066

8th International İstanbul Textile Conference - Evolution Technical Textile(ETT2018), April 14-16, 2018, İstanbul, Turkey

Comparison of the Workplace through the String Diagram Method and Simulation
Program in the Manufacturing of Apparel
1Mücella GÜNER, 2Mehmet KÜÇÜK
Prof. Dr., Ege University, Engineering Faculty, Textile Engineering Department, Izmir, Turkey
2 Res. Asst., Ege University, Engineering Faculty, Textile Engineering Department, Izmir, Turkey
E-mail: mehmet.kucuk@ege.edu.tr
1

Abstract:
In this study, the paths taken and the distances covered between the entrance to the sewing plant of the materials (like fabrics,
interlinings, sewing threads and so on.) for manufacturing and the exit of this product were determined and examined by the
string diagram method and a selected simulation program. In this study "Simul8" was used as a simulation program.
According to the findings, sewing plant of the factory was rearranged and the distances were recalculated. Through both of the
two methods used in the study, the products were produced with shorter time and also higher efficiency. The results are
obtained from these determinations and calculations by both methods and, in addition, the advantages and disadvantages of
each method are compared accordingly.
Keywords: Apparel production, Sewing plant, The String Diagram, Simulation

I. Introduction
Since the production of apparel has a labor-intensive system, it is necessary for the employees to be actively and
continuously involved in this production. Production activities cause employees to make necessary or unnecessary
relocations. Such shifts are likely to create a mess and confusion with the loss of time and efficiency in the
workplace. For this reason, the working environment must be constantly organized in order to eliminate
unnecessary movements.
The main purpose of the work study techniques is to increase the manufacturing efficience and the productivity in
today's production systems. In addition to this, getting rid of unnecessary practices, organizing daily manufacturing
activities as economically as possible, standardizing working methods, determining the standarts of the operation
times, increasing the utilization rate of the production factors and moving to better working conditions can be listed
also as the purposes of the work study activities (Kuruüzün, 1992).
The distance between the factory material entry point and taking its output as a product is extremely important for
the duration time of this transition. Many method study technics have been used to determine this distance. One of
these methods, called the "String Diagram”, comes into view as a scaled plan used to track and measure the
movement pathways during the product transformation (Figure 1). On the other hand, simulation programs that
allow a movement to be simulated in a computer environment, which has increased in popularity over the last
years with the development of technology, provide a model for a real system (Figure 2). In this study "Simul8" was
used as a simulation program.

In this study, the movements and the processes of turning the materials and the accessories into a product were
determined and studied by these two methods in order to reducte unnecessary movements during the operations.
One of these methods is the string diagram which is a more primitive method than the other one. The string diagram
which is one of the simplest and the most useful techniques of the method study, is a scaled plan or model to track
and measure the movement of an operator, material or machine (Kurt, 2003). The other method is to simulate the
1
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system in a computer software. Simulation is the creation of a real process or a system within a certain period of
time in the computer environment (Banks, 2000). Simulation is used for making a description of a system and for
obtaining information about its operations. Simulation is also used for modelling a project both existing or in design
stage. Within the scope of this study, the operation period (from the pieces to final product) of a product which was
manufactured in a company in Izmir was examined by both the string diagram and the simulation method. The
advantages and disadvantages of these two methods were compared with each other and explained.
II. Method
II. a. The String Diagram
The string diagram provides showing the paths of the production inputs (operator, material or machine) in
production processes and the intensity of these paths in scaled diagram (Karayalçın, 1986). The string diagram is a
special form of flow diagrams and is generated by measuring and drawing the inputs' paths. The preparation of the
string diagram starts as the other method studies; all the relevant processes are recorded by direct observations
(Kurt, 2003). The string diagram can be used to calculate how far an operator, a machine or a material is traveled
during the production.
The movement paths of the inputs with the string diagram are examined by the following steps;
1.
2.
3.
4.
5.

Firstly, the company's scaled bird's-eye view plan (with all the details such as doors, pillars, partitions) is
drawn.
The input/s is/are monitored while moving from one point (station) to another.
Each station where the inputs move, the departure and arrival times are recorded. The recording
processes continues until the movement is ensured. This may take several hours, a day or longer.
The drawed plan should be put on a soft wooden board and the pins placed on each stations. Afterwards,
the routes according to the movements of the inputs can be determined by wrapping thread on the pins.
As a result, the routes of the inputs are obtained. The most used path by the inputs are indicated by the
maximum number of wrapping threads. So it can be seen and calculated how far the inputs have
progressed during the production (çev. Akal, 2004).

This practice continues until when an arrangement which the minimum movement of the inputs between the
designated stations is obtained.
II. b. The Simulation Method
Simulation is the transfer of a real event (such as a model, a production, or a service) to a computer environment to
experiments that event to understand the behavior. These experiments are carried out in the virtual environment. It
is a system that allows to check the results (such as the process time, the productivity) by realizing the event in the
virtual environment. According to another definition, simulation is a mathematical method that defines a
time-dependent model of a real event. With this method it is possible to evaluate different strategies on an event
with the same inputs and conditions. Simulation method deals with all the events operationally. In this direction, it
examines the system holistically by asking questions such as, what, when, where and how (Banks, 2000).
The below steps should be followed when implementing the simulation method;
1.
2.
3.
4.
5.
6.
7.

The processes to be investigated must be well understood. The first step is to identfy the problem.
Simulation begins by gathering sufficient information and providing the necessary information to
understand the problem or event.
The objectives are determined.
The model of the processes should be created. In this step, all the data related to the processes must be
collected in a complete form.
The time unit and the total working time should be determined.
All the process time of each process and the entrance times to the station where the operation is carried
out should be entered into the system.
The resources should be determined and simulation should be run accordingly. The resources ensure the
operations in the incident take place.
The results obtained are evaluated and graphs can be generated if necessary (Simul8 User Manual,
2000).

III. Material
The material of this study is the t-shirt which is shown in Figure 3. The t-shirt is made of 100% cotton, 200 gsm
2
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fabric. The front piece of the t-shirt has a design for print. The sleeve hems and collar have green pipe, each one
has 1 main label, 1 washing instruction, 1 size label (Figure 3). The production flow of the t-shirt is also shown in
Figure 4.

Figure 3. The material of the study

Figure 4. The production flow of the t-shirt
All necessary steps for the production of the T-shirt and the machines that were used are shown in Table 1.
Table 1. Operations and the machines
LETTER
A
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OPERATION
SEWING SIZE TAG

MACHINE
LOCKSTITCH
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B
C
D
E
F
G
H
I
J
K
L
M
N

SLEEVE PIPING
COLLAR PIPING
SHOULDER STITCHING
SEWING SLEEVES
SHOULDER STITCHING
SEWING SLEEVES
SEWING WASHING INSTRUCTION
HEM STITCHING
SEWING MAIN LABEL
PIPING
SIDE SEAM
PIPING
SIDE SEAM

COVERSTITCH
COVERSTITCH
OVERLOCK
OVERLOCK
OVERLOCK
OVERLOCK
LOCKSTITCH
COVERSTITCH
LOCKSTITCH
LOCKSTITCH
OVERLOCK
LOCKSTITCH
OVERLOCK

After the procurement procedures required for the production of t-shirt, the following steps which are shown in
Table 2 are displayed.
Table 2. The steps for t-shirt production
STEPS
NUMBERS
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(7’)
(8)
(9)
(10)
(11)
(12)
(13)
(14)
(15)
(16)
(16')
(17)
(17')
(18)
(18')
(19)
(20)
(21)
(21')
(22)
(23)
(23')
(24)

STEPS
The purchased fabrics are moved from the entrance door to the storage area.
Fabrics from the warehouse are brought to the fabric inspection machine.
The fabrics are brought to the spreading table to perform the cutting process.
After the spreading process is performed, the fabrics are brought to the cutter
for cutting.
After the cutting process, the cut pieces are kept in the assorting area.
The pieces are brought from the assorting area to the numbering table. The
pieces are divided into two here.
The front pieces are sent to the outside for printing operation.
The back pieces and the sleeves are sent to the control.
The front pieces are brought to the control table after the printing operation.
After the check is completed on the control table, all pieces are placed in the
wheeled shelf.
The pieces are transported to the baskets for the production department.
The baskets are placed in the transport cart.
At the same time the accessories are brought to the transport cart.
The pieces are transported to the production department via transport cart.
The back pieces are brought to the A (lockstitch machine) for sewing the size
tags.
The sleeves are brought to the B (coverstitch machine) for sleeve piping.
The back pieces at A (lockstitch machine) and the front pieces on the
unpacking table are seperated into two and sent to D (overlock machine) and F
(overlock machine) for front-to-back shoulder stitching.
After the shoulder stitching process, the front and back pieces are brought to C
(coverstitch machine) for collar piping process.
After the collar piping process, the pieces are divided into two and sent to E
(overlock machine) and G (overlock machine) for sewing the sleeves. At the
same time, the sleeves are brought to E (overlock machine) and G (overlock
machine) from B (coverstitch machine).
After sewing processes of the sleeves, all the pieces are brought to H
(lockstitch machine) for sewing the washing instruction label.
All the pieces are brought to J (lockstitch machine) for sewing the main label.
After sewing the main label, the pieces are seperated into two and sent to L
(overlock machine) and N (overlock machine) for the side seam.
After the side seam, the pieces are sent to I (coverstitch machine) for the hem
stitching.
After the hem stitching, the pieces are brought to K (lockstitch machine) and M
(lockstitch machine) to complete the piping process.
The t-shirts (finished products) are placed in saddles and sent to quality control
department.
4
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(25)
(26)
(26')
(26'')
(27)
(27')
(27'')
(28)
(28')
(28'')
(29)
(30)
(31)
(32)

The first station of quality control department is needle detector to check
whether any needle piece is left on the product.
In order to clean the product from the threads, all the products seperated in
three and sent to thread cleaning table 1, 2 and 3.
Then the products are sent to ironing table 1, 2 and 3 for the ironing process.
Then the products are sent to quality control table 1, 2 and 3 for the quality
control process.
Then the products are sent to measuring table for the size check.
Then the products are taken on the packaging table.
The packaging are done.
Finally the packages are sent to exit for the shipment.

IV. Findings
IV. a. The String Diagram
In the scope of the study, the diagram that was obtained after the examination of the company with the string
diagram is shown in Figure 4. After completing the wooden board of that company, the diagram below was drawn
with the help of Microsoft Windows 10 - Paint.

Figure 4. The string diagram of the company
In the present situation of the company, the product is make 59m+2cm in the cutting department which has an area
of 260 m2, 65m+6cm in the production and quality control department which has an area of 340 m2.
IV. b. The Simulation Method
After the simulation processes, the shceme which is shown in Figure 5 was obtained.
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Figure 5. The simulation of the company
As shown in Figure 5, the first step of the simulation is to use the "object entry" menu in the program's toolbar to
specify the start points with the "work entry points" option, taking into account the flow order of the system.
Subsequently, similarly with the former step, the options such as "work centers" and "resources" stations are
assigned depending on the work done. These stations are connected manually with the help of arrows. These
operations are repeated until the entire plant is simulated, and the system can be started when the simulating
process is completed. As a result of the simulating process, the total distance covered by the materials in the plant
is calculated as approximately 125 meters. This distance is almost the same as the total distance obtained by the
string diagram method.
IV. Results and Discussions
Similar results were obtained when two different methods were applied to the same system. The advantages of
these two methods over each other are as follows.
-

The investment cost of the simulation method is higher than the string diagram method.

-

It is necessary to undergo the training procedure of this method and the program to be used prior to apply
the simulation method. In the string diagram, it is possible to practice without a special training.

-

It is possible to calculate the path of a product in the process of taking its final state, and it is also possible
to follow the same pattern of an employee or a machine. However, in the simulation method, only the
product follow-up can be realized.

-

While it is possible to see the return percentages from the quality control, the percentages of the machine
breakdowns and the durations by the simulation method, only the follow up of the production factor can be
performed by the string diagram.

-

In the simulation method, the parts of the product can be fed individually, if desired, in a bundle between
predetermined stations. However, in the string diagram, it is possible to feed only one piece between the
stations.

-

Simulation method can be used under the development of the various conditions and scenarios, following
the creation of the present situation, and it is possible to obtain the results in terms of distance, duration
and efficiency. In the string diagram, it is possible to establish a new layout of the production system, after
the current state is established, but the distance information will be the only data that the method can
provide.

-

The simulation method detects the bottleneck points in the system, if the unit durations of each operation
6
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are entered to the system. In the string diagram method, the method for detecting bottleneck points needs
to be supported by different methods such as line balancing.
V. Conclusions
One of the biggest problems experienced in the apparel sector during productions is the incorrect positioning of the
production factors. As a result of these faults, problems arise such as the accumulation of the product parts in a
production station, the unnecessary movements of the workers in workplaces, the unnecessary extension of the
production completion periods, the blockages due to waiting in the work flow. As a result, problems such as
customer waiting, overloading of the machines, and occasional idle times lead to the inefficient utilization of the
deparments in the factory.
There are many different methods in the work study methodology for solving such problems. The string diagram
and the simulation method are also one of them. The string diagram is the simplest and the most effective way for
determining the numerical values of the improvements that will be made on the system defects at end of the
observations. The equipments (such as the machines, raw materials, accessories) can be placed in the most
appropriate manner and the material and human movement in the company area can be easily controlled and
utilized fully with the help of this method (Tr. Akal Z, 2004). The simulation method provides transfering the real
event (such as a model, a production, a service) to the computer environment to understand the behavior of it
(Simul8 User Manual, 2000).
In this study, the operations for producing a t-shirt has been investigated with two different methods from the entry
of the fabric rolls and the accessories to the exit as a final product. When these two methods are evaluated
according to each other in terms of application, it is seen that beside the simulation method provides more detailed
and various data (such as distance, time, productivity), the string diagram is easier, cheaper and also needs less
time for the application. A wide variety of work studies are carried our for follow-up all the production processes.
For this reason, it has been understood that the utilization of the string diagram will be a more useful application in
terms of being less laborious and effectively regulating the work area which also allows the follow up of the
movements of all kind of inputs (man, machine and material) in the production cycle. Furthermore, it is considered
that the method of the string diagram is a useful method to be able to get fast and effective results both in the
theoretical and practical applications of the apparel sector.
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Abstract
In this study, the effects of different types of MWCNTs (MWCNT, MWCNT-OH, MWCNT-COOH) on mechanical properties (tensile
strength and impact strength) of fabric reinforced composites were examined. Jute, E-glass and carbon fabrics were used as
the reinforcement materials, whereas unsaturated orthophthalic polyester resin was used as the matrix material. Vacuum
assisted resin transfer molding technique was utilized for the preparation of four-plied composite specimens. Results indicated
that, E-glass fabric reinforced samples had the highest impact strength while the highest tensile strength was obtained with
carbon fabric reinforced composite sample. In addition, when the influence of different MWCNT types were analyzed, it was
seen that the best results were obtained with pristine MWCNT treated samples in both tensile and impact analysis.

Keywords: Composite, mechanical properties, multi-walled carbon nanotubes

I. Introduction
In today’s world, the ever-evolving technology and the endless desires of people are increasing the demand for
innovative materials (Raghavendra et al., 2015). In this perspective, composite materials seem to be one of the
most preferred choices as novel materials when their outstanding properties are compared to those of conventional
materials such as metal and wood (Agarwal et al., 2014; Gopinath et al., 2014).
Fibers that are used in composite structures can be divided into two primary categories as natural and synthetic
fibers (Jawaid et al., 2011). While natural fibers offer many benefits such as low cost, light weight, renewability,
biodegradability and safer handling over synthetic fibers, synthetic fibers offer high strength and stiffness, wear
resistance and have less variation over natural fibers (Acha et al., 2005; Begum and Islam, 2013; Jabbar et al.,
2017; Mishra and Biswas, 2013).
Carbon nanotubes are up and coming nanoparticles used in composite industry for enhancing their properties (Li
et al., 2014; Liao et al., 2011; Seyhan et al., 2007; Shen et al., 2009). They are a class of materials that possess
combination of excellent mechanical, electronic and thermal properties that no other material has been displayed
until now (Chen and Liu, 2004; Coleman et al., 2006).
II. Experimental Study
In this study, jute, E-glass and carbon plain weave fabrics, which have areal densities of 200 g /m 2, were used as
the reinforcement materials, while unsaturated orthophthalic polyester resin, cobalt (accelerator) and methyl ethyl
ketone peroxide (hardener) were utilized as resin system. Three different types of MWCNTs (MWCNT, MWCNT-OH
and MWCNT-COOH) were added to the matrix material to enhance the mechanical properties.
Vacuum assisted resin transfer molding technique was used for the preparation of four-plied composite specimens.
Composite fabrication was realized at room temperature (20°C±2°C). During the process, ventilator located above
the table was in working order. The schematic diagram of vacuum assisted resin transfer molding is given in Fig.
1.
Mixing of the MWCNT and polyester resin was performed by ultrasonic mixer.

1
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Fig. 1: Schematic diagram of vacuum assisted resin transfer molding technique.

By using three different types of reinforcement materials and three different types of nano-filler materials, totally
twelve composite specimens were manufactured. The sample codes of these fabric reinforced composites are given
in Table 1.
Tab. 1: Sample codes of fabric reinforced composites.
Fabric Type
Sample Code

Jute

JJJJ

X

JJJJ-MWCNT

X

JJJJ-MWCNT-OH

X

JJJJ-MWCNT-COOH

X

E-glass

Nano-filler Type
Carbon

MWCNT

MWCNT-OH

MWCNT-COOH

X
X
X

GGGG

X

GGGG-MWCNT

X

GGGG-MWCNT-OH

X

GGGG-MWCNT-COOH

X

X
X
X

CCCC

X

CCCC-MWCNT

X

CCCC-MWCNT-OH

X

CCCC-MWCNT-COOH

X

X
X
X

Tensile strength tester and impact strength tester were used to evaluate the mechanical properties of fabric
reinforced composites. Tensile testing was realized by Shimadzu AG-IS test machine according to ASTM D638-10
standard. Devotrans Charpy Impact Test Machine was utilized to evaluate the impact resistance of the composite
samples according to BS EN ISO 179:1997 standard.
III. Results and discussions
Fig. 2 demonstrates the tensile strength results of fabric reinforced composite samples taken from warp and weft
directions of the samples. The tensile strength values of jute fabric reinforced composite specimens were between
30 and 60 MPa, while the tensile strength of E-glass fabric reinforced samples and carbon fabric reinforced
specimens were between 200-300 MPa and 300-450 MPa, respectively.
When the effects of MWCNTs on the tensile strength of samples were examined, it was seen that all three types of
MWCNTs had increasing effect on the tensile strength values of the samples. Moreover, the highest tensile strength
values were found in pristine MWCNT treated specimens in all fabric reinforced composites.
When the tensile strengths of warp and weft direction samples were compared, it was observed that warp direction
samples reached higher tensile strength values than the weft direction samples.
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Fig. 2: Tensile strength results of composite samples.

The impact strength results of fabric reinforced composite samples are given in Fig. 3. The impact strength values
of jute fabric reinforced composite specimens were between 20 and 30 kJ/m 2, while the tensile strength of E-glass
fabric reinforced samples and carbon fabric reinforced specimens were between 190-290 kJ/m2 and 120-145 kJ/m2,
respectively. It was observed that samples taken from warp direction of composite samples reached higher impact
strength values than weft direction samples.
Results showed that while addition of MWCNT-OH and MWCNT-COOH to the composite structures had barely
effect on the impact characteristics of the samples, pristine MWCNT addition had slightly higher influence on the
impact strength results of jute, E-glass and carbon fabric reinforced composites.
Jute fiber contains free hydroxyl groups in its amorphous region of cellulose, lignin and hemicellulose regions and
this gives jute fiber an anionic structure (Ammayappan, Nayak, Ray, Das, & Roy, 2013). The two facts that anionic
materials can not easily bond together and MWCNT-OH and MWCNT-COOH have anionic natures indicated that
the bonding strength between these two nanofillers (MWCNT-OH and MWCNT-COOH) and jute fibers are not as
robust as the bonding strength between jute fiber and pristine MWCNTs. Silica glass also contains hydroxyl groups
and also it was stated in the literature that acids and alkalis causes brittleness in E-glass fibers (Tzounis, 2014).
This fact could be the reason of achieving better impact properties with pristine MWCNT treated samples.

Fig. 4: Impact strength results of composite samples.

V. Conclusions
It can be concluded that;
3
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Carbon fabric reinforced samples had the highest tensile strength, while E-glass fabric reinforced samples
had the highest impact strength.



The specimens taken from the warp direction showed comparatively higher mechanical properties than the
samples taken from the weft direction.



Addition of MWCNTs (MWCNT, MWCNT-OH and MWCNT-COOH) to the composite structure enhanced
the mechanical properties of composite materials.



Among MWCNT types, the best results were achieved with pristine MWCNT treated composite samples.
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Abstract
With industry gaining momentum, consumption of sources and waste production are rapidly increasing.
Consequently, a lot of countries and governments are putting emphasis on the concept of “sustainability” in order
to take necessary precautions and not to come face to face with a catastrophe in the future. The substances
released to the environment by textile manufacturers, like all modern industries, are not totally harmless. Therefore,
adaptation of recycling, usage of environment-friendly fibers and materials, decreasing the pollution level and
developing methods to dispose the pollutants once they are formed are gradually gaining importance in terms of
reducing environmental hazards and consumption of resources.
Keywords: Sustainability, culture, Checked fabric, accessories, ready-made clothing and home textile.

I. Introduction
There is no certain determination on where, how and when textile and weaving that makes of clothing
emerged for the first time. Findings on this matter are insufficient and clues are inadequate. For this
reason, the center of appearance often changes. According to the historians who are in search for a
source of civilization; whether its initiation falls to Egypt, Mesopotamia of Middle Asia, the art of weaving
dates back as early as humanity itself Yağan (1978).
Research shows that Anatolian people have been familiar with weaving since Neolithic age. It started
as weaving of plants and leaves and developed from that stage Türkoğlu (2002). Weaving was improved
in time in accordance with the level of welfare and ability for art and technique coercing various
conditions. Turkish fabric has an important place in world textile in terms of weaving, material and rich
variety of patterns Altay (1979).
Weaving as a handcraft, which continues developing through harmony with different civilizations living
in Anatolia, is still carried out in these lands. Hand-weaving prospered in Turkey by the needs of villagers
to meet their needs and make use of their spare time. Development of hand-weaving along with
agriculture and stockbreeding has been a traditional art among nomadic society, in mountain villages
unsuitable for agriculture and remote villages with transportation problems Kahya (1994).
However, breakthrough in science and technology, discovery of new trade and transport routes,
improvement and change in raw material, corruption and disruption of artistic organizations, changing
needs and habits of people with changing views of life and lifestyles, economic expiration of some
handcrafts and people drifting far and away from handcrafts are the most important reasons for handweaving to retrograde and fall back to its today’s position Arlı (1990).
Traditional handcrafts are the values that give us the opportunity to build bridges between our past and
present. The new generation is not informed enough to produce traditional handcrafts after the concept
of livable villages has diminished, rural depopulation speeds up, various branches of industry has
emerged and level of education in rural regions has risen. Weaving with machines is preferred for
easiness and cheapness and handcrafts have lost their desired value.
II. Purpose Of The Study
Efforts for using natural raw material, natural coloring and natural manufacture are made for the sake of
sustainability in textile sector as in all other sectors. The idea of manufacturing organic textile products
has led us to hand-weaving which is a part of our culture, our history when the production is carried out
art factually.
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This study aims to present the efforts to revive the Checked fabric, which was used by women until
recently only for veil and sinking into oblivion, woven in hand looms in Malatya region in confection and
home textile.
The photos below show the accessories, ready-made clothing and home textile products manufactured
with Checked fabric that has only been used as veil in the past.

Fig. 1. Checked fabric Accessories

Fig. 2. Checked fabric Ready-made clothing

Fig. 3. Home textile

150

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

III. Malatya Checked Fabric From Past To Present
Malatya checked fabric has a history that dates back hundreds of years. It was only used by women
living in and around Malatya as a veil to cover themselves when they went out. The aim to cover with
checked fabric was more of a traditional reason rather than Islamic belief. In the times when smart
phones hadn’t been invented yet, the color of the veil showed the woman’s purpose of going out. For
example black and white checked fabrics were used while shopping, white and pink ones were used in
field work. The photo below shows the encounter of a woman coming from visiting and a woman who
comes from field work.

Fig. 4. Women in checked fabric

These jilbabs, which are still used by some women despite losing importance, were woven in hand
looms which were available at every house in Yeşilyurt area. As a result of industrialization, people of
this region used their weaving experience in Sümerbank Textile Factory established in Malatya in the
first years of history of Turkish Republic. In time the hand looms became idle and hand-weaving that
was passed down from generations lost importance.
The photos below shows the first official labor strike in Turkey in 1965. Municipal workers demanded a
pay rise and they went on a strike when the demand was rejected. Women workers participated in this
strike of 20 days with their checked fabric veils and claimed their rights.

Fig. 5. Women workers in checked fabric on strike (1)

151

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

IV. Weaving Looms For Malatya Checked Fabric
The gripple shuttle looms used in the project has 2 frames and a working width of 120 cm. The looms
are suitable for reeds of 9,5 and 11. The wooden looms with metal bodies have weft insertion with foot
controller.

Fig. 6. Hand- woven tool

V. The New Face Of Malatya Checked Fabric
The Municipality of Yeşilyurt has created a project to revive this almost extinct handcraft and to teach
the women of the region the art of hand-weaving in order to provide them with occupation. Women
weaved checked fabric various knitting repeats in the hand-weaving course conducted in the scope of
the project. However it was necessary to present the checked fabric in different forms rather that veils
which have no usage areas today. For this reason, checked fabric was used in home textile, accessories
and clothing with up-cycle method. The application examples can be seen in the photos below.

Fig. 7. The application examples
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VI. Conclusion
This project aims to revive hand-weaving, a handcraft falling into extinction.
Besides, the checked fabric that is a heirloom from our grandparents in kept in chests is brought to light.
It turns into more fashionable, usable and modern pieces. It is possible in our daily lives to come across
the checked fabric that is now more than a childhood memory.
One of the most important outcomes of this project is to teach women, who have been sitting at home
and have had no place in employment, a handcraft. They can from now on find themselves a position
in labor with this art they learned from the entrepreneurship training they have got.
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Abstract
In the last decade, many fabrication techniques have been used to establish e-textile structures. 3D printing technology offers a
new potential for integration of conductive threads on textile surfaces and their simultaneous insulation to create e-textile
structures that are flexible and bendable. However, there is no research that explores electrical characterization of e-textile
structures created via direct 3D printing onto textiles to embed conductive threads in comparison to conventional method of
sewing conductive threads. This research presents a preliminary exploration of the potential of 3D printing technology for
fabrication of e-textile structures by encapsulating conductive thread on textiles via dispersing thermoplastic polyurethane
filaments in thin layers. Silver and steel conductive threads are used to manufacture specimens by 3D printing technology and
conventional sewing technology. Electrical resistance of each specimen was measured using a multimeter with triple method.
The ratio of signal power to noise power (SNRdB) for each specimen was measured using a function generator and oscilloscope.
Results showed that silver conductive threads showed a decrease in resistance and SNR(dB) values, steel thread showed
increase in resistance and decrease in SNR(dB) values.
3D Printing, Conductive Thread, Resistance, Signal to Noise Ratio

I. Introduction
Electronic textiles or e-textiles are defined as fabrics with intrinsic electronics and interconnections with physical
flexibility (Stoppa & Chiolerio, 2014). In the last decade, many fabrication techniques have been used to establish
e-textile structures. Conductive wires and conductive threads are manually attached on fabric surface via sewing.
Computer aided embroidery, knitting or weaving of conductive threads are used to manufacture e-textile structures
in addition to applications of digital printing, screen-printing and coating of conductive inks (Andreas & De Rossi,
2004). In most of these applications conductive threads require insulation as a protection from potential short circuits
created by movement, folding, or contact with conductive surfaces, as well as adding an extra barrier during wear
and tear or washing. Common methods for insulating e-textile structures have been coating conductive threads by
fabric paint or fabric glue, lining with additional fabric or fusable interfacing, laminating with nonconductive
membranes or using embroidering to cover the conductive threads with conventional threads. Insulation of e-textile
structures with such methods require a secondary process in addition to integration of the conductive thread on the
textile surface except for CAD embroidery method of cording which enables integration of conductive threads on a
textile surface and its encapsulation with conventional threads simultaneously.
Additive manufacturing technology offers a new potential for integration of conductive threads onto textile surfaces
and their simultenous insulation. Additive Manufacturing also known as 3D printing technology, is a rapid
production technique in which digital design data is used to build up an object layer by layer through deposition of
a material (Wong & Hernandez, 2012). Among many types of additive manufacturing, material extrusion or
commonly known with the trade-mark name Fused Deposition Modelling (FDM) involves deposition of a filament
material though a heated nozzle which can move horizontally to a heated printing platform. FDM 3D printers
utilize thermoplastic filaments such as PLA (polylactic acid), PC (polycarbonate) and ABS (acrylonitrile butadiene
styrene). Recent developments in flexible TPU (thermoplastic polyurethane) and TPE (thermoplastic elastomer)
3D printing filaments enabled printing of elastic objects. There have been several studies exploring possibility of
direct 3D printing of filaments onto the textile surface to create hybrid structures and testing compatibleness of
this technique in terms of bonding between the filament and the textile surface (Malengier et. al, 2017; Pei, Shen,
& Watling, 2015; Korger et al, 2016).
One potential application of such direct 3D printing on textiles is creation of e-textile structures that are flexible and
bendable. Erkens et al (2017) attempted to print thermoplastic elastomer filament on conductive steel thread and a
textile surface and fabricated an electric circuitry. However, there is no research that explores electrical
characterization of e-textile structures created via direct 3D printing on textiles to embed conductive threads in
1
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comparison to conventional method of sewing conductive threads. This research presents a preliminary exploration
of the potential of 3D printing technology for fabrication of e-textile structures by encapsulating conductive thread
on textiles via dispersing thermoplastic polyurethane filaments in thin layers.
II. Experimental Set-up and Procedure
Conductive track specimens of 10 cm length were manufactured by 3D printing a thin layer of TPU filament onto a
conductive thread to encapsulate and attach it to a textile surface and by sewing conductive thread on the textile
surface with a traditional industrial sewing machine. 4 different conductive threads were used to fabricate 3D printed
and conventionally sewn conductive track structures on a textile surface. The characteristics of the conductive
threads used are illustrated in Table 1.
Table 1. Characteristics of conductive thread tested in the study.
Thread Number (DTEX)

Twist (turn/m)

Ply

Twist Direction

Silver 1

629,0

428

2

Z

Silver 2

460,5

405

3

Z

Silver 3

946.5

376

3

Z

Steel

1754.5

189

2

S

Table 2 illustrates the characteristics of TPU filament used in the 3D printing process. PolyFlex™ TPU filament with
shore hardness level of 95A is deposited at 235°C printing temperature. Shore hardness value is commonly used define
hardness of polymers, elastomers and rubbers. Shore hardness value is defined in six categories; 00, 0, A, B, C, D
and within each category it is scaled from 0-100 from extra soft to extra hard
Table 2. Characteristics of 3D printing filament tested in the study.

PolyFlex™
(TPU)

Shore Hardness

Density (gr/cm3)

Printing Temperature (°C)

95A

1.17-1.23

220 – 235

10 cm long 3D printed specimens as displayed in Figure 1 and conventionally stitched specimens were
manufactured. 3D printed specimens were realized by depositing melted TPU filament onto conductive thread and
textile surface through the nozzle of a 3D printer. This process allows integration of conductive thread onto the
textile surface and insulation of conductive thread simultaneously. Different conductive threads are assembled on
a %100 cotton, woven textile using PolyFlex™ thermoplastic polyurethane filament with a Raise3D N2 nozzle 3D
printing machine. Conventionally stitched specimens were realized by feeding conductive thread as the bobbin
thread in an industrial sewing machine.

Figure 1. Example of a printed sample
Electrical resistance of each specimen was measured using a multimeter with triple method. The ratio of signal
power to noise power (SNRdB) for each specimen was measured using a function generator and oscilloscope. The
ratio of the mean signal intensity and the standard deviation from the noise distribution was calculated in MatLab
software and converted to decibels based on the following formula.

SNR(dB)=20log10(μ/σ)
2
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III. Results and discussions
3D printing TPU filament onto the textile surface to encapsulate different conductive threads yielded flexible and
insulated conductive tracks. The results showed that electrical resistance of 3D printed specimens decreased
compared to conventional sewing (Table 3). During the 3D printing process thermoplastic polyurethane filament at
235°C covered the conductive threads, therefore conductive threads were exposed to high temperatures. It was
observed that exposure to heat decreased resistance for silver conductive threads. Also, compared to conventional
sewing, conductive threads are not exposed to mechanical forces such as friction during 3D printing process, which
could lead to decreased resistance values. On the other hand, steel conductive thread exhibited increase in the
electrical resistance.
Increase in temperature effects the atomic structure of materials as heat makes the atoms vibrate causing many
collusions between free electrons of a conductive material. The loss of energy from these electrons due to collusions
causes increase in resistance. Such materials that display increase in resistance with an increase in temperature
are described as materials with positive temperature coefficient. When resistance falls with an increase in
temperature, the material is said to have a negative temperature coefficient. Although silver is normally a positive
temperature coefficient, silver coated polyamide conductive thread acts as a negative temperature coefficient
material as a result of 3D printing process and exposure to temperature at 235°C. Silver conductive threads tested
in this study were manufactured by a process of metallization of polyamide fibers with silver coating. Since
polyamide is a negative temperature coefficient material, the structure of silver conductive thread could explain its
decrease in resistance when exposed to high temperatures during 3D printing.
Table 3. Comparative display of electrical resistance of 3D Printed and Conventional Specimens
Electrical Resistance of Conductive Threads (Ω/m)
3D Printed
Conventional

Silver 1

61,47

46,66

Silver 2

138,26

110,2

Silver 3

87,64

71,33

Steel

52,55

179,3

Table 4 displays the SNR(dB) values for 3D printed specimens and conventional specimens comparatively. The
signal to noise ratio refers to measure of signal strength relative to background noise. It can be concluded that 3D
printing as a method of integrating silver and steel conductive thread on the textile surface decreases SNR (db)
value therefore results in a lower signal quality compared to sewing conductive thread onto a textile surface.
Table 4. Comparative display of signal/noise ratio of 3D Printed and Conventional Specimens
Signal / Noise Ratio Of Conductive Threads
Silver 1
Silver 2
Silver 3
Steel

Conventional
33,56
34,37
37,47
36,16

(dB)

3D Printed
17,63
20.46
21.11
17,42

The results do not indicate a correlation between change in resistance value and SNR(dB) value due to the effect
of 3D printing process. While silver conductive threads showed a decrease in resistance and SNR(dB) values,
steel thread showed increase in resistance and decrease in SNR(dB) values.
IV. Conclusions
3D printing using flexible TPU and TPE filaments offers an alternative to traditional ways of integrating conductive
thread on the textile surface and their insulation. Directly printing a thin layer of flexible filament on a textile
surface and a conductive thread sandwiched between the dispersed filament and the textile surface provides
integration and insulation at the same time.

3
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During 3D printing process conductive thread is exposed to high temperatures as the filament is melted to be
dispersed from a nozzle. For silver thread this process leads to a decrease in resistance compared to
conventional sewing and increase and resistance for steel thread. Another electrical characteristic important for etextiles is the ratio of signal power to noise power. This ratio shows a decrease in all silver and steel conductive
threads that underwent the 3D printing process. Therefore, although 3D printing applications can be utilized to
create e-textile structures, resistance and SNR(dB) values of conductive threads change during the process.
Future work on this subject could investigate adhesion between the filaments and the textile surface. Also the
effect of washing on adhesion as well as electrical characteristics of conductive threads can be analyzed.
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Abstract:
-Cyclodextrin (β-CD) is capable of forming inclusion complexes, but it cannot form a direct covalent bond with textile materials,

hence some cyclodextrin derivatives have been synthesized with reactive groups to allow them to chemically bind to various
substrates. In this research, the modified β-CD with itaconic acid (CDI) was grafted on to the cotton fabric by applying plasma
technologies. Two methods of plasma techniques, atmospheric pressure plasma reactor (APPJ) and atmospheric pressure
glow discharge (APGD) were applied for the graft treatments. The grafting copolymerization of the reactive cyclodextrin (CDI or
CDI/Acrylic Acid) on the surface of cotton fabric was studied and the performance (accessibility of cyclodextrin cavities for
molecular encapsulation) of -cyclodextrin fixed onto the surface cotton was evaluated. The effect of each plasma treatment
method on the characteristics of the cellulosic fabric was investigated. The results showed that plasma activation was occurred
on the surface of cellulose and free radicals can easily react to CDI/AA without any degradation on the polymeric chains of
cellulose. The presence of anchored CD nanoparticles on the surface of the fibers was demonstrated by using SEM as well as
the ability of the attached CDs to form inclusion complexes.
Keywords:

Cyclodextrin Itaconate, Cotton Fabrics, Plasma Technology, Grafting

I. Introduction
Cyclodextrins (CDs) are macrocyclic compounds built from D-glucose units (Szejtli, 1988) and due to the
hydrophilic exterior and hydrophobic interior of the cavity of these compounds (Dodziuk, 2006), CDs can
incorporate a variety of hydrophobic compounds in their cavities, via host-guest complexation (Szejtli, 1982). Such
powerful capability of CDs can be more interested in new fabrics, characterized by specific physicochemical
properties through the formation of physical and chemical bonds between CDs and different fibers (Buschmann, et
al., 2001; Szejtli, 2003). In order to achieve this goal, some reactive cyclodextrins such as
monochlorotriazinyl-β-cyclodextrin (MCT-CD) (Buschmann, et al., 1988; Reuscher, et al., 1998; Schmidt, et al.,
2005), acrylamidomethylated β-cyclodextrin and cyclodextrin itaconate (CDI) have been applied in textile industries
(Nazi, et al., 2012; Nazi, et al., 2012). Another comparable fixation was reported using a third molecule such as
polymers or crosslinking agent as a kind of intermediate between fiber and cyclodextrin (El Shafei, et al., 2010).
Currently, conventional processes which are in use to modify the surface properties of textiles require large
quantity of polluting chemicals, water and energy. In recent years, plasma surface modification technology is
emerging very rapidly and has shown potential to replace some of the polluting processes of textile industry.
Plasma is the most active state of matter after solid, liquid and gas. For textile surface modification, plasma at room
temperature (cold plasma) is more appropriate. The cold plasma comprises of electrons, ions, radicals,
metastables and UV radiation. Four types of non-thermal plasmas work at atmospheric pressure and commonly
are used for textile surface modification. These plasmas (see tab. 1) include corona discharge, atmospheric
pressure plasma jet (APPJ), atmospheric pressure glow discharge (APGD) and dielectric barrier discharge (DBD).
Cold plasma when interacts with polymer or textiles modifies their surface properties without altering the bulk
properties of these materials. There are four chemical reactions that mainly take place when active species of
non-equilibrium plasma interacts with the surface of textile surface: (i) plasma cleaning and surface activation, (ii)
etching of surface, (iii) functionalization and grafting, and (iv) deposition of coating or polymerization (Nema &
Jhala, 2015, Schutze et al., 1998);
Tab. 1: Breakdown
Source
Low pressure discharge
Corona discharge
Dielectric barrier discharge
Plasma jet

(Schutze et al., 1998)

Break down voltage (kV)
0.2–0.8
10–50
5–25
0.05–0.2

Plasma density (cm−3)
108 to 1013
109 to 1013
1012 to 1015
1011 to 1012

In this study, a new synthesized reactive cyclodextrin was grafted on to the surface of cotton fabric and two
1
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methods of plasma were applied for this purpose of modification. The physical characteristics of fabrics were
investigated and the amount of cyclodextrins and its ability for molecular encapsulation were estimated.
II. Experimental Set-up and Procedure
The reactive cyclodextrin itaconate (CDI) was synthesized as described in Nazi et al. (2012).
Atmospheric Pressure Plasma Jet: The atmospheric pressure plasma jet (APPJ) is a small (L < 20 cm) RF plasma
torch that generates non-thermal plasma jet and works at low power (Schutze et al. (1998); Tendero et al.
(2006)).The atmospheric pressure plasma reactor (fabricated by APJeT, Inc.), was used for plasma treatments of
the cotton fabric. This APPJ provides a non-thermal, glow discharge plasma operating at atmospheric pressure. It
is a device consisting of two coaxial electrodes between which a gas flows at particular rates. The plasma is
generated between the solid RF electrode and gridded ground electrode while the substrate passes beneath the
ground electrode. The gap between the two electrodes is considered as one of the plasma variables, the smaller
the gap the denser the plasma will be in the chamber and vice versa. A schematic diagram of the electrodes and
fabric in the APPJ is shown in fig. 1.

Fig. 1: A schematic diagram of electrodes and fabric in the APPJ
Atmospheric pressure glow discharge: The term atmospheric pressure glow discharge (APGD) was introduced in
the 1990s by Kanazawa et al. (1988) who showed that for a proper selection of plasma forming gas (very often
helium) and molecular admixtures, a stable diffuse discharge can be ignited in an AC-excited dielectric barrier
set-up, free of streamers or filaments. The APGD is very useful for the homogeneous treatment of sensitive
surfaces, since it can be operated at much lower voltages than the traditional dielectric barrier discharge (DBD).
The dielectric layer plays the following important roles: (i) it limits the discharge current and avoids glow to arc
transition that enables to work with a continuous or pulsed mode; and (ii) it distributes random streamers on the
electrode surface and ensures a homogeneous treatment. The streamer creation is due to the electrons
accumulation on the dielectric layer. Atmospheric pressure glow discharge has been depicted in fig. 2.

Fig. 2: A schematic diagram of atmospheric pressure glow discharge

Two methods of grafting were used for applying CDI (with or without acrylic acid monomer) to cotton fabric: ex-situ
plasma grafting and in-situ plasma treatment.
In the process of ex-situ plasma grafting, first a cotton fabric is treated with plasma and then exposed to a reactive
monomers for a long time to achieve grafting of the monomer on it. Plasma treatment of the substrate activates its
surface by generating radicals and other highly reactive sites. When this activated surface comes in contact with
monomer solution, grafting of monomer takes place at the activated sites. A schematic of the method is shown in
Fig. 3.
The method of in-situ plasma treatment does not require preactivation of the surface and both Monomers and
2
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cotton fabric are activated at the same time inside the plasma chamber. The fragmentation and recombination of
the precursor occur in gas phase and the fragmented radicals or the recombined radicals react with the created
radical sites of the substrate. This method helps to establish a chemical reaction between the fragments of
precursor and molecules of the substrate. Fig. 4 shows the schematic of the process.

Fig 3: Schematic of ex-situ plasma-grafting process

Fig. 4: Schematic of in-situ plasma reaction process

III. Analysis
The graft yield (%), tensile properties (tensile strength and elongation at break) and wrinkle recovery (WRA) of
modified cotton fabrics were measured according to the standard methods.
The presence of CDI was shown by the ability of phenolphthalein to form inclusion complexes with -CD and its
derivatives (in alkaline solutions, pH ca. 11) based on complex formation causing a decrease in the absorption of
light.
Accessible content of cyclodextrin on the modified fabrics was determined by the complex reaction with CD and
cyclohexane as a volatile guest on its cavity and measuring the amount of the released guest via gas
chromatography (GC). Because cyclohexane is a hydrophobic compound and evaporates easily at room
temperature, evaporated cyclohexane molecules can be entrapped in the cavity of CDs on the surface of modified
fabric. Maximum access cavity of cyclodextrin on the modified fabrics was calculated by dividing accessible
content of cyclodextrin by graft yield.
IV. Results and discussions
UV radiation and active oxygen species from the plasma breaks the bond of cellulosic chains, CDI and AA present
at the surface. Active oxygen species (radicals) from the plasma bind to active surface sites all over the material,
creating a surface that is highly active to bonding agents.
Generally, active plasma species interact with the surface of cellulose exposed to the plasma. The plasma forming
gas selected and power density decides which reaction would be more dominant, i.e. sputtering or chemical
etching. When inert gas such as He is used as a plasma-forming gas, sputtering is more dominant reaction;
whereas when oxygen is selected for plasma etching, chemical etching is more dominant than physical etching.
This means, a chemical reaction takes place between the surface (the surface to be etched) atoms and reactive
species from the plasma and form a product molecule, which is subsequently removed from the surface. The main
steps in the chemical etching process are: formation of the reactive species in plasma; arrival of the reactive
species at the surface to be etched; adsorption of the reactive species at the surface; chemisorption of the reactive
species at the surface, i.e. a chemical bond is formed; formation of the product molecule; desorption of the product
molecule; removal of the product molecule from the reactor. Plasma etching is used to roughen a surface on the
microscopic scale.
In addition, the active species and UV radiation formed in plasma interact with AA, CDI and cotton surface, then
free radicals and functional groups are formed at the polymer or textile surface exposed to the plasma. The
functional groups include –OH, –COOH, >C=O, etc. In grafting, an inert gas is employed as plasma-forming gas,
the active plasma species interact with the surface and create many free radicals on the material surface
subsequently, a monomer capable of reacting with the free radical is introduced into the chamber, which makes
covalent bond with the free radicals and grafted. The monomer molecules break apart (fractionate) creating free
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tensile strenght (N)

electrons, ions, excited molecules and radicals. These radicals adsorb, condense and polymerize on the substrate
surface. The electrons and ions crosslink, or create a chemical bond with the substrate surface or with the already
deposited molecules and create a denser film.
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Fig. 5: Effect of time exposure time in the APPJ procedure on the physical properties
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Fig. 7: Fe-SEM of cellulosic fibers with AA/CDI (10:10)% after activation with plasma
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Fig. 8. Graft yield (%), accessible content of cyclodextrin (%) and access cavity of CDs for the fabrics modified with different
concentration of AA and CDI
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The effect of different parameters was investigated on the properties of treated cotton fabrics and some of them are
shown in figs 5 and 6. In addition the microscopic surface of modified fibers is presented in fig. 7. In addition, the
results of the absorbent intensity of phenolphthalein solution at 550 nm showed the presence of CDI on the
modified cotton surface due to the formation of phenolphthalein inclusion complexes in the cavity of the CD. As
shown in Fig. 8, the access cavity of CDs raised while the amount of AA concentration was at higher levels.
However, graft polymerisation of CDI could be responsible for increasing in accessibility to the cavities of CDs and
limitation to graft yield. So the best condition for graft polymerization of CDI is presented in Fig. 9.

Fig. 9: Schematic of plasma grafting of CDI onto the cotton surface

V. Conclusions
Surface activation of cellulosic fabric takes place in plasma when it is exposed with Helium and oxygen plasma.
The primary reaction on plasma exposure is hydrogen abstraction. Hydrogen abstraction produces free radicals on
polymeric chain. Different chemical species formed in the gas phase subsequently interact with its surface thus
create functional groups on polymer’s surface. The main advantage of plasma processing is that it is a dry
treatment. Additionally, it is a very energy efficient and clean process. Therefore, the pre-treatment and in-situ
polymerization on the surface of cotton fabrics by non-thermal plasma technologies become suitable as a surface
modification technique. The characterization results of modified fabrics with CDI, suggest that the application of
CDI can improve the performance of cotton fabrics. By graft polymerization of CDI with AA, despite of a reduction
in the mechanical strength and physical properties of cotton fabric due to etching of surface by plasma, graft
copolymerization of AA and CDI could compensate these properties and improve the performance of the samples.
According to the results, although the grafting rate indicated the amount of anchored cyclodextrin or copolymer of
CDI/AA onto the cotton fabric, the correlation between the grafting rate and the accessible content of cyclodextrin
confirmed the performance of the modified fabric.
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Abstract:
In this study, smart water vapour permeable films were produced by modification of commercially available thermal responsive
SMPU with cellulose nanowhisker (CNW) reinforcement. Modification of SMPU which has a transition temperature suitable for
body applications was carried out by adding CNWs to possess moisture-sensitive water vapour permeability besides its thermal
stimulation. This modification is an easier process than synthesis of a twin-switch shape memory polymer. Nanocomposite films
with varying CNW concentrations (5, 10 and 20 wt. %) were produced by solution blending and casting methods in turn. Fourier
Transform Infrared (FT-IR) Analysis was performed to characterize structure of nanocomposite films. Water vapour permeability
and absorption capacity of the films were carried out under different thermal conditions (20, 40 and 65°C). According to FT-IR
results, peaks belonging to cellulose became visible in films with the increase of the CNW content. Smart water vapour
permeability was observed for the produced films that permeability improved as the CNW concentration and temperature
increased. Absorption capacity also had a similar trend. Summing up, produced SMPU nanocomposite films having both thermal
and moisture induced water vapour permeability can be used in various forms for smart clothing (sports, protective, etc.) that
adapts dynamic environmental and body physiological conditions.
Keywords: Shape memory polyurethane, cellulose nanowhiskers, nanocomposite film, thermal responsive, moisture responsive,
smart water vapour permeability.”

I. Introduction
Depending on technological advances and increasing living standards, clothing comfort and physiological safety
have become indispensable in dynamic environmental conditions (temperature and humidity) and body
physiological characteristics (sweat, body temperature). In this regard, textiles with smart (self-adaptive) water
vapour permeability having the capability of adapting microclimate changes of wearers in extreme environmental
conditions have gained much popularity in recent decades. This smart (self-adaptive) water vapour permeability
could be achieved with polymeric materials having stimulus-responsive functions. According to literature,
segmented shape-memory-polyurethanes (SMPUs) have smart temperature-controlled water vapour permeability
due to thermally-responsive free volume change in their soft-segments. Below transition temperature (Tg) of SMPU,
the low mobility of soft segment provide low water vapour permeability which allows formation of the insulating
effect. However, above Tg of SMPU, the mobility of soft segment increases, leading higher free volume and increase
in pores enabling passage of water vapour molecules. This situation allows higher water vapour permeability (Ding
etal., 2008). As well as temperature, humidity level is also important in governing comfort of a clothing because
people people can sweat in both high and low temperatures when undertaking high degree of workload. Thus,
thermal responsive material with temperature controlled water vapour permeability could not deal with sweating
situations under a cold climate.There is a need to develop moisture sensitive materials (Hu et.al., 2017).
Cellulose, as the most abundant polysaccharide on earth, has been widely studied in different nano-forms (named
as nanocrystal, nanowhisker, or short nanofiber) mainly for the fabrication of moisture responsive hybrids with its
larger surface area, hydrophilic nature and as reinforcement material with its stiffness, high strength and modulus.
CNWs have nearly perfect crystalline structures where the cellulose chains are arranged compactly with strong
hydrogen bonding interactions. CNWs have attracted interest in recent years as a reinforcement filler and they are
considered in the context of shape memory polymers. According to the findings in literature, introduction of CNWs
into a SMPU matrix would afford nanocomposites with moisture-induced shape memory depending on the
percolation network formed by CNWs whose hydrogen bonds can be reversibly regulated by water molecules (Luo
etal., 2011; Zhu etal., 2012; Tan etal., 2017).
This study covers modification of temperature-sensitive SMPU which has a transition temperature suitable for body
applications by introducing CNWs to possess also moisture-sensitive water vapour permeability (twin-switch
nanocomposite). Interaction between CNW and SMPU and smart moisture management properties (water vapour
permeability rate and absorption capacity) changing according to temeperature and CNW concentration were
investigated.
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II. Experimental Set-up and Procedure
Pellet-type MM-3520 SMPU (SMP Technologies Inc., Japan) was used as matrix material to produce
nanocomposite films. The particular SMPU is ester-based thermoplastic polyurethane obtained from the Misubishi
Heavy Industries (MHI), (Japan) which has a Tg of 35°C according to producer data. CNWs were supplied directly
from the Grafen Co in (Turkey), having a length of 150-200 nm and width of 20 nm (by TEM) and crystallinity of
98.98% (by XRD). N, N-dimethylformamide (DMF) which is used as solvent was purchased from Sigma-Aldrich. All
chemicals are analytical grade and were used as received without further purification.
The CNW-SMPU nanocomposite films were produced by introducing CNWs as nanofiller into a SMPU matrix. For
this aim first of all, SMPU was dissolved in DMF at a concentration of 5 wt. % at 60°C for 6 h. A 0.5 wt. % dispersion
of the CNWs in DMF was prepared by ultrasonic treatments using a sonifier (Sonopuls HD 2200, Bandelin Sonopuls
Corp.) at 40% amplitude and 3-s on/off cycles for 1 h until dispersion became visually homogenous. A series of
nanocomposite films with varying CNW concentrations of 5, 10 and 20 wt. % was produced by solution blending of
CNWs and the SMPU. The nanocomposite films were subsequently prepared by solution casting method by casting
into glass petri dishes. In order to prevent thermocapilary instability on the film surface which causes surface
roughness, the films then dried at 60°C for 12 h. The final residual solvent was removed under vacuum at 80°C for
another 12 h (to ensure full removal of the DMF). Then the glass petri dishes were taken out from the vacuum oven
and kept at room temperature for 2 h (Memiş Korkmaz and Kaplan, 2017). The nominal thickness of the
nanocomposite films were about 0.01-0.02 mm.
III. Analysis
The Perkin Elmer Spectrum BX of Fourier Transform Infrared Spectrophotometer was used to investigate chemical
compositions of the nanocomposite SMPU films. The spectroscopic analysis of the nanocomposite film samples
were examined by KBr technique at 4 cm −1 resolution number with 2 cm −1 interval and 16 scan numbers. The
scanning range was between 4000 and 400 cm −1 during FT-IR analysis.
The water vapour permeability rate (WVPR) of films was measured according to ASTM E96-80B. Besides
nanocomposite SMPU films, WVPR of commerially avaliable thermoplastic polyurethane (PU) film without shape
memory effect produced under same conditions were also determined for comparison. All of the produced films
were conditioned under standard atmospheric conditions for 24 h before measurements. Films were placed over
the top of the cups having diameter of 76 mm were filled with dioniezed water leaving an air gap of 10 mm. Epoxyphenolic adhesive was used to ensure perfect sealing between cup and films. Test was carried out in a temperature
controlled chamber under different temperatures (20, 40 and 65°C). WVPR was calculated from averages of three
different samples in g/24h/m 2 from weight differences of the cups. Ratios of WVPR values obtained for different
temperatures were calculated to determine the increase trends of SMPU nanocomposites including different
amounts of CNWs.
The absorption capacities (%) of the nanocomposite films with dimensions of 4.0x1.0 cm were measured by
immersion in deionized water at three different temperatures (20, 40 and 65°C) and weight changes were
determined periodically for a total of 144 hours. Before immersion into water, the samples were vacuum dried at
30°C for 18 hours until constant weight was reached. Periodically the samples were removed and the surface water
was quickly wiped out with filter paper, and weighted. Absorption capacity was calculated in accordance with the
literature (Mendez etal. 2011; Annamalai etal., 2014; Liu etal., 2014) from the percentage expression of the ratio of
dr,y weight to wet weight at the end of the period.
Analysis of variance (ANOVA) was conducted to determine significant statistical differences (p < 0.05) with SPSS
Statistics 22.0 for Windows statistical software.
IV. Results and discussions
FT-IR analysis of the nanocomposite films with varying CNW concentrations ranging from 5-20 wt. % were
performed to determine the effect of CNW loading content on the spectra. Produced films could be differentiated
from each other related to N-H stretching vibration of urethane, OH groups of CNW and carbonyl (C=O) stretching
vibration of urethane linkages (Santamaria-Echart etal., 2016a; 2016b).
According to FT-IR spectrums in Fig. 1;
 In the stretching region between 3100 and 3600 cm −1, a band around 3340 cm−1 was observed in both
reference neat SMPU and nanocomposite films attributed to hydrogen-bonded N-H groups, whereas CNW
shows two peaks at 3332 and 3287 cm −1 referred to OH groups stretching vibration (Santamaria-Echart
etal., 2016a). The peaks belonging to cellulose about 900 to 1200 cm -1 and 3200 to 3600 cm -1 became
visible in films with the increase of the CNW concentration. This increase in the peak intensity can be
attributed the overlapping with the OH stretching vibration band as CNW content is increased.
2
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The band about 1720 cm −1 is related with the free urethane C=O groups, whereas the shoulder about 1700
cm−1 indicates the hydrogen bonded urethane C=O groups (Ugarte et al., 2017). In the FT-IR spectra of the
film samples, a free urethane C=O group about 1716 cm-1 which was observed in the reference film sample
(a) was not observed in the nanocomposite films containing CNW. Furthermore, peak broadening and
increase of the peak intensities at 1700 cm-1 of the hydrogen-bonded C=O groups reveals the presence of
increased SMPU-CNW interactions with CNW content in nanocomposite films.

Fig. 1. FT-IR spectra of the of the films (a) reference neat SMPU films without CNW, (b) SMPU-CNW nanocomposite films with
5 (c) 10 and (d), 20 wt. % CNW concentration.

According to WVPR results (Fig. 2), it was observed that PU film samples had the lowest values at all three
temperatures. Additionally, among SMPU films, WVPR of neat SMPU was the lowest at all three temperatures.
Although the water vapour permeability of all film samples increased linearly with temperature, this improvement
was not significant in PU film samples (Fig. 2 and Fig. 3). The WVPR of PU film increased slightly without any abrupt
change as the temperature increases. On the other hand, the WVPR of film samples consisting of SMPU increased
abruptly especially within the temperature range of 40 and 65°C which are above the glass transition temperature
(approximately 35°C according to the company data and DSC and DMA test results) (Aslan, 2017). This trend in
the water vapour permeability of neat SMPU and nanocomposite films can be attributed to shape memory effect of
the polymer. SMPU showed significant WVPR changes above and below Tg due to the temperature sensitive free
volume change in the soft segments. This phenomena at temperatures above Tg, allow higher water vapour transfer
to achieve thermal comfort also in high skin or microclimate temperatures. On the other hand, insulation of the films
increase with low water vapour permeability attributed to lower molecular mobility and free volume at temperatures
below Tg. Furthermore, CNW concentration in SMPU matrix had a positive effect on WVPR values of nanocomposite
films if homogenious CNW distribution is enabled (improvement is lower for 20% concentration). Test result can be
attributed to the percolation network of the CNW whose hydrogen bonding acts as a switch that can be reversibly
broken and rebuilt by moisture. At temperatures below Tg, moisture content around the films are lower, there was
no moisture effect for percolation network of the CNW which is another switch point. At this stage, due to the
absence of any hydrogen bonding, stronger percolation network bonding occurs. Therefore, the entropic elasticity
of the SMPU matrix is restricted and lower mobility and free volume lead to lower WVPR. With the increase of
temperature, as the moisture content aaround the films are higher, hydrogen bonding between the CNWs is
disrupted by the absorbed moisture molecules. When more water molecules are included in the hydrogen bonded
system, they form individual hydrogen bonds with proton donors and acceptors respectively to create pores for
water vapour passage (Hu etal., 2017). Calculated WVPR of the films increase ratios at different temperatures (Fig.
3) indicate that ratios belonging to SMPU composites including CNW are higher than neat SMPU and PU films as
expected. Both WVPR increase ratios for 20-40°C and 40-65°C increased proportional due to CNW concentration
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up 10 wt. %. On the other hand, a decrease was observed in ratio for 20 wt. % for all tempartures. This result may
be due to the poor dispersion and potential agglomeration of CNWs in SMPU matrix.

5000

PU

WVPR (g/24h/m2)

4000

SMPU
SMPU-CNW-5

3000

SMPU-CNW-10
SMPU-CNW-20

2000
1000
0

20°C

40°C

65°C

Temperature (°C)
Fig. 2. WVPR values of films changing according to temperature (PU: commerially avaliable thermoplastic polyurethane without
shape memory effect, SMPU: reference neat SMPU films without CNW, SMPU-CNW-5: SMPU-CNW nanocomposite films with
5 wt. % CNW concentration, SMPU-CNW-10: SMPU-CNW nanocomposite films with 10 wt. % CNW concentration, SMPUCNW-20: SMPU-CNW nanocomposite films with 20 wt. % CNW concentration).
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Fig. 3. WVPR increase ratios according to temperature.
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The water absorption capacities of neat SMPU and nanocomposite films with varying CNW concentrations ranging
from 5-20 wt. % were evaluated with water of different temperatures. The test results were summarized in Tab. 1.
Tab. 1. The absorption capacities of the reference neat SMPU and SMPU-CNW nanocomposite films.

Time

0 min
10 min

The absorption capacity (%) at
20°C
SMPU- SMPUSMPUSMPU
CNWCNWCNW-5
10
20
0
0
0
0
0

2.89

The absorption capacity (%) at
65°C
SMPU- SMPUSMPUSMPU
CNWCNWCNW-5
10
20
0
0
0
0

2.89

0

2.63

6.67

9.09

0.89

5.71

5.71

1.59

2.63

6.67

18.19

1.410

14.28

14.28

1.59

5.26

6.67

21.18

1.410

17.14

20

1.59

5.26

8.89

24.24

14.70

17.14

25.71

3.17

13.167

20

3.86

17.65

22.85

31.42

3.17

13.18

120 min

4

26.47

28.57

34.28

6.35

1 day

4.4

26

28

40

7.94

2 day

5.6

29.41

31.43

51.43

3 day

8.6

32.35

31.43

6 day

8.6

32.35

37.14

20 min

1.4

5.88

30 min

2.86

11.76

40 min

2.86

12.12

50 min

2.86

60 min

2.89

The absorption capacity (%) at
40°C
SMPU- SMPUSMPUSMPU
CNWCNWCNW-5
10
20
0
0
0
0

14

16.67

13.46

26.41

24.52

19.23

28.30

52

15.38

25

35.85

72.91

24.24

15.38

31.9

41.50

83.30

20

24.24

17.95

38.46

41.50

87.5

20.68

20

30.30

23.07

50

75.41

112.5

26.31

26.67

48.48

23.08

53.84

98.11

125

9.52

40

42.105

57.57

25.64

61.53

103.8

127.8

51.43

9.52

42.10

44.44

60.61

28.21

61.53

113.3

127.8

51.43

9.52

42.10

44.44

63.64

75

115.09

133.3

35.89

3.269

According to test results, the absorption capacities of the film samples increased with time and generally reached
equilibrium within 3 days but due to possible changes in the results, 6-day results were taken as basis. Additionally,
statistically significant differences were found between the absorption capacities of the films (p < 0.05). As shown
in Tab. 1, the film SMPU-CNW-20 which included 20 wt. % of CNWs had the highest absorption capacity at all three
temperatures while the reference neat SMPU film had the lowest values. It was observed that that the absorption
capacity values increased proportional to the CNW concentration. The absorption capacity of nanocomposite films
with hydrophobic polymer matrix material (as a result of polyol that forms the soft segment) (Padsalgikar etal., 2015)
has increased due to the hydrophilic nature of the CNW particles. When the absorption capacity values were
evaluated according to the temperature, the water absorption capacity of all film samples increased significantly
due to the increase in free volume at temperatures above the Tg of the SMPU matrix (40 and 65°C) (Fortunati et al.,
2017). Additionally, at the temperatures above the Tg of the SMPU matrix, the water molecules in the nanocomposite
film samples containing CNW could interact with the particles in the crystalline regions as well as the amorphous
regions with the effect of temperature.
V. Conclusions
In this research, heterogeneous-twin-switch shape memory (thermal and moisture responsiveness simultaneously)
performances of CNW-SMPU nanocomposite films produced by introducing CNWs (5, 10 and 20 wt. %) as nanofiller
to SMPU matrix were investigated. According to the FT-IR results, it was observed that, CNWs have an interaction
with the polymer matrix. Besides maintaining thermal-responsive water vapour permeability originally existing in
SMPU, it also possessed moisture-responsive smart water vapour permeability. Smart water vapour permeability
was observed for the nanocomposite films that permeability improved as the CNW concentration and temperature
were increased. Ratios of water vapour permeability for 20-40°C and 40-65°C increased with temperature and CNW
concentration up to 20 wt. %. Absorption capacity also had a similar trend increasing with temparture and CNW
concentration. These results can be attributed to higher molecular mobility and free volume change by temperature
and percolation network of the CNW whose hydrogen bonding can be regulated by moisture. Pores for passage of
water vapour and volume for liquid absorption increase as a result of the mentioned mechanism. Moreover, the
results show that dispersion and agglomeration of CNWs in SMPU matrix was also effective on smart water vapour
permebility at different temperature ranges. Suming up, such kind of SMPU based nanocomposite structures having
both thermal and moisture induced water vapour permeability could have high potential for smart clothing (sports,
protective, etc.) that adapts dynamic environmental (temperature and humidity) and body physiological (sweat, body
temperature) changes.
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Over the last three decades, Readymade Garments Industry (RMG) has established itself as a global player. Its
contribution to the economy of Bangladesh, and in providing employment, is indeed remarkable. As may be
expected, the industry has faced numerous challenges in the growth process, which averaged about 15 per cent+ per
year. It has overcome hurdles such as the elimination of child labour in the industry, open competition in the postMFA (Multi-Fibre Arrangement) era, and progress in social compliance, safety reforms, etc.
Bangladesh already has a strong foothold in the world's apparel market, and we hope this will enable us to grow in
the coming years. Our vision is to increase Bangladesh's RMG industry's global market share from the current 5.0 per
cent to 8.0 per cent by 2021, which requires increasing our exports to about US$ 50 billion. Many may consider this
to be over-optimistic but it is our contention that for Bangladesh's RMG industry, this is an achievable goal.
Key words: Readymade Garments Industry, contribution, challenges, foothold .

I. Introduction
The road to success had never been easy and the sector had to face a lot of challenges on the way. And
the journey remains as arduous as it has always been. With its humble beginning in 1970s, the sector has
now grown to a significant strength and has become the source of more than 80% of export earnings for
the country. Bangladesh has attracted a lot of attention from the apparel world, being the 2 nd largest
RMG exporting nation on the planet.
As may be expected, the industry has faced numerous challenges in the growth process, which
averaged about 15%+ per year. It has overcome hurdles such as the elimination of child labour in the
industry, open competition in the post-MFA era, and progress in social compliance, safety reforms,etc.
That the industry has come of age is demonstrated by the manner in which it handled the tragic industrial
accidents.
Bangladesh already has a strong foothold in the world’s apparel market, and we hope this will enable us
to grow in the coming years. Our vision: to increase Bangladesh’s RMG industry’s global market share
from the current 5% to 8% by 2021, which requires increasing our exports to about US$ 50 billion. Many
may consider this to be over-optimism; it is our contention that for Bangladesh’s RMG industry, this is an
achievable goal.
II. Experimental Set-up and Procedure
Forecasts about Bangladesh RMG Industry:
McKinsey Forecast, Summer 2014: The McKinsey&Co surveyed 29 chief procurement officers
(CPOs) in 2013 at leading apparel companies responsible for a combined €28 billion in purchasing
volume. They found that Bangladesh remains at the top of the list of apparel-sourcing markets expected
to grow in importance in the next few years. As per McKinsey&Co.’s forecast in 2011, Bangladesh is on
the radar-screen of all European and US apparel buyers and likely to grow nearly triple (USD45 billion) by
2020.
US Fashion Industry Association’s (USFIA) Forecast, June 2014: The ‘Benchmarking Study’
published by the U.S. Fashion Industry in June 2014 shows that apparel retailing companies are not
leaving Bangladesh, and are committed to compliance there and elsewhere. Among the respondents of
the survey, 76.9% currently source from Bangladesh. Despite the recent tragedies, Bangladesh is still
regarded as a popular sourcing destination with growth potential. About 60% of respondents say they
expect to somewhat increase sourcing from Bangladesh in the next two years, and 5% say they expect to
strongly increase sourcing from Bangladesh in the next two years. Another 15% expect no change in their
current scale of sourcing in Bangladesh.
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Transformation in textiles and apparel industry:
Transformation has three phases: ‘T-shirt Phase’, ‘Race to the Top’ and ‘High End of the Spectrum’. Tshirt phase means at the beginning of a country it starts low wage business like textile and buyers keep
giving low price. But after time passes, the entrepreneurs can’t accommodate the price and they go for
value added products where skilled manpower are needed and this phase is called ‘Race to the Top’.
When this is also being matured, then the country starts assembling business or electronic company and
this phase is ‘High End of the Spectrum’. In 19th century, America went to ‘High End of the Spectrum’ from
‘Race to the Top’, now China is in between ‘Race to the Top’ and ‘High End of the Spectrum’ and
Bangladesh is in between ‘T-shirt Phase’ to ‘Race to the Top’.

III. Analysis
The Way Forward:
If we have another look at Table 1 and Figure 1, it would now be easier to understand why the growth
trajectory has not been following a regular and consistent path. Reason behind the sudden slump in
growth during 2008-09 and 2009-10 could largely be contribute to the global financial crisis that
negatively affected the demand of the garment products in the US and Europe. The other reason could
be the after-effect of the 2007-2009 political situation of the country when the business confidence was
said to be running low. The recovery of the Western economies together with Japan and China helped
the market growing again at the end of 2009. It was reflected in the sudden rise of export growth rate in
2010-11. The election of a democratic government and a business-friendly political environment also
helped to achieve that target. However, although the exports have been growing following four years, the
pace of growth does not seem to be as high as before. There could be a number of explanations for such
a slow growth. First, the market might have reached a level where they do not require any further imports
from Bangladesh; Second, growth in countries such as India, Myanmar, Vietnam, Pakistan and Cambodia
could have picked up some shares; and the Tazreen and Rana Plaza incidents might have some impacts
after 2013. The other major problem that affected the market and the marketability of RMG product from
Bangladesh was the adverse domestic political situation caused by strikes, violence and roadblocks
during that period. It might have made it difficult for both exporters and buyers. The withdrawal of the US
GSP facilities and the sudden burden of remediation costs (following the Rana Plaza incident) added to
the difficulties for local producers. Many factories were closed or facing financial difficulties as a result.
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IV. Results and discussions
Stakeholder Roles:
Although the road ahead presents a lot of challenges, it does not seem to be too difficult to overcome
them in order to achieve the targeted growth. A concerted effort by factory owners, workers, buyers,
retailers and other stakeholders including BGMEA, the government and international organisations

172

can help achieve the goal.
Priorities Unpacked:
It is important to note, however, since the Dhaka Apparel Summit, the overall situation have been
improved to a certain extent due to sincere efforts by the government, BGMEA, factory owners, foreign
governments and development partners. However, continuous improvement is needed to fully tackle the
challenges and move forward. In the current context, a number of key issues have been highlighted in
Figure 1. When all of these issues are important to take on board, a priority list needs to be compiled to
address the ones that require urgent attention. The following areas have been picked up as possible
priority focus areas:
Infrastructure:
1. Better roads and more efficient port (including ‘deep-sea’) and railway infrastructures are
vital for the future development of the sector and its export performance.
2. Existing infrastructures need to be maintained and prevented from quick depreciation.
Current model of ‘build, neglect, and then rehabilitate’ has to be scrapped.
3. A minimum level of investment in infrastructure is needed to get the productivity effects.
4. Once undertake, any infrastructure development should be completed on time
5. More investment is needed in technology infrastructure including IT in order to enhance
RMG business efficiency.
Remediation and Building and Fire Safety:
1.

2.
3.
4.
5.

The post-Rana plaza remediation activities need to be completed with possible industrial
upgradation to the satisfaction of ACCORD/ALLIANCE and other stakeholders. It would
set a standard for building and fire safety at each of the member factories of AC
CORD/ALLIANCE.
Regular inspection of fire and building safety should be conducted in each factory.
Government needs to take necessary measures to stop unplanned urbanization,
industrializations and unregulated building constructions hindering the smooth operation
of fire service.
The number of fire stations in RMG concentrated areas needs to be increased by
establishing at least 5-6 new stations in areas with significant number of RMG factories.
Cooperate with industrialised developed countries including the EU, USA and
international agencies such as ILO to ensure safer workplaces within the RMG sector in
Bangladesh.

Capacity Building and Productivity Enhancement:
1. Professionalism of entrepreneurs should gradually be built to deal with delicate and
increasingly competitive global RMG market
2. The gap in capacity development needs to be narrowed down through training the owners,
supervisors, managers and workers.
3. If the 4 million garment workers in Bangladesh can be trained properly and have experience of
dealing with safety issues that would be a huge lift to the industry.
4. Investment in education is needed to produce more engineers, young entrepreneurs and
other skilled professionals including accountants and health and safety specialist. It will
also help building a pool of skilled workers and help alleviating current skill shortage and
improving productivity.
Energy Supply:
1.

A consistent, uninterrupted and adequate energy supply along with other infrastructure
developments should be a priority for the government for a sustained RMG growth.
2. As the prime source of energy for RMG operation, an adequate and constant supply of
gas is of utmost importance to the industry. In this regard, the government needs to give
special attention to the allocation of this important resource. Without additional allocation
of gas, it would be extremely difficult to grow the RMG production, meet the global
demand cost- effectively and reach the 2021 target. It is one of the paramount challenges
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the industry is facing now. The government needs to prioritise the area of gas allocation
depending on the strength and actual prospect of the industry in terms of value creation
and contribution to national GDP. One of the possible solutions could be to reduce gas
supply to other industrial usage including fertiliser factories, and divert the supply to the
RMG sector. The resultant shortfall of fertiliser could be imported from overseas at a
competitive price. This is an opportunity cost issue which should be dealt with due
seriousness.
3. Given the unreliable and limited supply of energy, alternative energy saving technologies
such as solar power should be used by RMG factories.
Sustainable development and ethical practice:
1. The use of cost-effective and energy-efficient green technologies and establishing
reputation as the producers of quality environmentally friendly products.
2. Efficient use of fresh water resources should be encouraged in the industry as the ground
water level is quickly receding while the surface water is almost non-existent. ETPs need
to be used effectively and consistently by all RMG factories.
3. Ensure inclusive and good governance in the RMG sector and build a reputation of
producing exploitation-free ethical products.

a

Backward and Forward Linkages:
1.

Bangladeshi RMG sector heavily relies on imported raw material including fabrics.
Developing a strong supporting and related industry base would strengthen the competitive
advantage of the industry. Industry-level strategy and government support or incentives are
important here to improve the situation. It could positively affect in increasing product and
design varieties and enhance the cost-leadership and competitiveness.
2. Reduce dependence on intermediaries and deal directly with retailers and brands to save
costs and earn more profit.

Exploring New Markets:
1.

New and non-traditional markets in China, Southeast Asia, Eastern Europe, Latin America,
Middle East and elsewhere need to be explored.
2. Global market research should be launched to identify such markets.
Financial Issues:
1.

High interest rates compared to countries competing against Bangladesh are a problem.
Therefore, Interest rates need to be lowered to allow local RMG producers to compete
against countries with relatively lower interest rates regime.
2. Given the currency of Bangladesh is stronger than that of India, Pakistan or most of the
countries in this region, the government and the central bank need to take necessary action to
address this situation. A committee could be formed to investigate the matter urgently.
3. Keeping liaison with the National Board of Revenue and Ministry of Finance to maintain a low tax
and customs duties for the RMG sector.
Research and Innovation:
1. More collaborative research with academic and research institutes should be conducted to
find out sustainable technological solutions for energy and water efficiencies. Such
collaboration could also provide the industry with new knowledge and expertise in areas
such as workplace, fire and building safety protocols.
2. It may also help the innovation of new fabrics, designs and appropriate technologies and
allow product life extension and diversification.
3. It may also help finding new strategies to create and/or improve brand image and to become
more competitive locally and internationally
Apparel Diplomacy:
1.
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The government should take a lead role in promoting and campaigning for the RMG

products made in Bangladesh. Foreign missions and their commercial wings should strengthen
their efforts to do so.
2. Maintaining good, friendly and workable relationships with all retailers and retailing country
governments is important consideration for RMG manufacturers, exporters and the government of
Bangladesh to continue a healthy market growth.
3. With respect to ethical practice, the low per capita carbon emission (only 0.3 metric ton)
and child labour-free production could be highlighted.
4. Tourism could be used as a tool to promote Bangladesh and its RMG industry:
5. Media, in this regard, has a role to play, in promoting the industry and mobilising support for it
both locally and internationally.
6. Bangladeshi companies should work harder in building better image and trust
internationally with respect to quality of the product and the safety issues.
7. RMG movement in Bangladesh has not only provided jobs to women, it has empowered
them and elevated their social status, their lifestyle, health and literacy. It also helped to
reduce the birth rates and child mortality creating a better and more cohesive society. As a
result, Bangladesh was able to achieve five out of eight MDG targets in areas such as
gender parity in child education, lowering infant and maternal mortality rates, poverty
reduction. The industry and BGMEA should sue this success to promote the RMG sector.
8. Various avenues including the WTO could be used to pursue the US to grant duty free
access to Bangladeshi products into the US market.
Branding:
1.
2.
3.
4.
5.
6.

Brands and brand image should be developed as core competencies through product and
market research, quality check and promotion;
Continuous improvement in productivity, product quality, and content together with
competitive pricing and consistency with timely delivery are important preconditions of
creating a sustainable brand image;
It is important to enhance, and focus on, the quality of the product rather than emphasizing solely
on producing ‘cheap’ products. In this regard, the actual value creation chain should be revisited
and revamped.
ISO standards and benchmarking should be used to ensure international buyers of the
promised quality, content and price of the brand.
Improving the image of the country is important here to pursue and maintain a strong
presence of local brands globally. A child-labour free, green, and women-empowering
workplaces should be promoted as positive image-builder for the country and the brand.
An improved buyer-seller cooperation in promoting the brand is necessary where the
buyer’s brand loyalty could play an important role.

Workers Issues:
1. A hygienic, safe and worker-friendly workplace environment should be maintained across the
industry.
2. Workers and trade unions should be aware of the possible negativity and danger of becoming
politicised which may not benefit either the workers or the industry.
3. The factory owners should also remain conscious of any such exploitation.
4. Training for both employers and employees about workplace conflict resolution is
Essential.
5. Establish employees’ unions in all garment factories and train them not only about their
rights, but also about their responsibilities to their organization they work for and the
community.
Political Stability and Law and Order:
1. Maintenance of political stability and law and order are two important preconditions for unhindered
RMG growth.
2. All political parties need to understand the gravity and importance of the RMG sector
being the largest employer and export income earner of the country. Regular dialogues
between political parties and BGMEA are necessary to avoid any untoward situation that
could negatively affect the industry.
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Ethical Pricing:
Buyers should pay fair price for the products they buy. They should also share the
remediation cost.
Gap Analysis:
It is important to assess the current state of the industry and the ability and readiness of individual
garment manufacturers as well as the industry to improve their competitiveness in terms of product
quality, sustainability, volume and pricing. It is also essential to see if the business environment, both
locally and internationally, are supportive to the industry. In this regard, stakeholder roles need to be
monitored and required steps need to be undertaken in order to seek necessary assistance from them.
Based on the existing condition of the industry and its associated business environment, it is essential to
prepare a gap analysis for each of the priority areas. Such analysis may include, where we stand in terms
of our resource and capability; what are the additional resources or support we need to achieve the US50
billion export target in each of eth priority areas; what are the major issues that could hinder achieving the
target; and what are the mechanisms to overcome these challenges. A research project should
immediately be launched to conduct this gap analysis.
V. Conclusions
The biggest trend in EU and the US for capturing margin building and value adding growth is Experience
Economy, which is estimated at USD 1.3 trillion in annual consumer spending in the US alone. The shift
from personal goods to experiences will benefit some fashion companies, provided they are positioned
correctly. For example, the rise of health and wellness experiences benefits companies that make active
wear, athletic footwear, and other apparel for exercising, hiking, and spending time outdoors. The rise in
leisure travel will mean higher sales of layering clothes, luggage, and travel accessories. To respond to
this, companies will need to reposition themselves—at the levels of the portfolio and individual brands—
by orienting products around specific experiences.
This is where the other opportunity lies for supporting the growth vision for Bangladesh by 2021:
shortcutting the traditional entry price brands by adding new medium to premium brands and retailers that
are targeting the experience economy. Quick gains could come by addressing these brands in the
medium to premium segment with the already established production and supply chains in Bangladesh
and harvesting the margins as the retail prices are higher than the entry price brands. In this, Bangladesh
faces a few challenges. Medium to premium brands and retailers are looking for value adding design
perspectives that will enhance the consumer experience and set the products apart from competition.
Does Bangladesh have the ability to add value to design? The second challenge is the perception of
Bangladesh as a production hub that ignores social and ethical issues leading up to the collapse of
factory buildings due to lack of health and safety.
References
ANZ Banking Corporation (2012). ANZ Insights: Commercial Banking Asia - Textile & Garment
Industry Market Update, http://www.anzbusiness.com/content/dam/anz
superregional/Textiles%26GarmentIndustryUpdate.pdf
As-Saber, S. (2013). Bangladesh disaster shows why we must urgently clean up global sweat shops, The
Conversation, 6 May, http://theconversation.com/bangladesh-disaster-shows- why-we-must-urgentlyclean-up-global-sweat-shops-13899
As-Saber, S. (2014). RMG industry: Post-Rana Plaza, The Daily Star, April 28, 2014,
http://www.thedailystar.net/print_post/rmg-industry-post-rana-plaza-21855
BGMEA (2014). Trade Information,
http://www.bgmea.com.bd/home/pages/tradeinformation#.Vb8xvDCqqko
Fashion United (2014). Global fashion industry statistics - International apparel,
https://www.fashionunited.com/global-fashion-industry-statistics-international-apparel.
Mirdha, R.U. (2014). RMG exports hit record $24.5b, The Daily Star,11
July,http://www.thedailystar.net/business/rmg-exports-hit-record-24-5b-32786

176

ETT0082

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Reproduction of the Ottoman Palace Fabrics Using Natural Dyes
1,2* Recep

Karadağ, 2,3 Emine Torgan Güzel

Marmara University, Faculty of Fine Arts, Department of Textile, Küçükçamlıca Acıbadem, Kadıköy, Istanbul, TR-34660,
Turkey.
2 Turkish Cultural Foundation (TCF), Cultural Heritage Preservation and Natural Dyes Laboratory, Keyap Çarşı Sitesi, A2 Block,
No:14, Y. Dudullu-Ümraniye, Istanbul, TR-34775, Turkey.
3 Gazi University, Institute of Fine Arts, Department of Conservation of Cultural Properties, Emniyet Mah., Abant-1 Cad. 10/2
D:E Block, Yenimahalle, Ankara, TR-06560, Turkey.
1

* E-mail:rkaradag@marmara.edu.tr

Abstract
The aim of this work is to serve the cultural heritage of the Ottoman silk brocade fabrics of the 16th and 17th centuries and
reproduce them in accordance with their originality in order to transfer from generation to generation and to use natural dyes in
new productions. Technical analysis, colour measurements, elementel analysis in the metal thread and dyestuff analysis consist
of on the basis of this studying. It is observed that red colour is dominant in the Ottoman silk brocades and it is determined by
analysis that insect origin dyes are used to obtain this colour. It was observed that yellow, green and blue colours other than red
were widely used in the Ottoman silk brocades and it was found that the colours of Anatolia's rich vegetal origin were used. All
of the natural dye sources used in these fabrics are the same as those used in the newly produced silk brocades and have the
same characteristics as the technical, pattern and woven quality.
Keywords: Palace fabrics, reproduction, silk brocade, natural dyes.

I. Introduction
Before the 19th century, textiles were dyed with natural dyestuffs that were largely of plant of insects (Surowiec et
al., 2006; Karadag et al., 2015). Historical textiles in museums are primary evidence for the production, trade and
use of clothing furnishings, decoration, etc. across all social levels. Aspects of a nation’s past economic, social and
cultural history can be revealed through the dyes used for the textiles (Gonzales et al., 2005). Identification of an
art object material of cultural heritage had received significant attention, because of its importance for the
development of appropriate restoration and conservation strategies. Natural dyes have advantages since their
production implies renewable resources causing minimum environmental pollution and has a low risk factor in
relation to human health. Some of natural dyes are used by pharmaceutical industry as a basis for drug products
and by the food industry (Karadag et al., 2012).
Textiles decorated with metals have been known for thousands of years (Abdel-Kareem and Al-Saad, 2007). In
Europe metal threads or metallic yarns had been used for the textiles. Initially, thin wires of solid gold, silver or gilt
silver were used (Muros et al.2007). The scientific examination of textile materials contains a number of stages:
first, the structure of the textile itself; second, the structure of the yarns that make up the textile; third, the nature of
the fibers that were used for the yarns; and fourth; the dyestuffs or pigments that may have been used as colorants,
as well as the mordants used with the dyestuffs (King, 1978).
The identification of dyes is one of the most important targets aimed for in the scientific examination of paintings,
textiles, illuminated manuscripts and other historic and archaeological materials. Thus, several analytical
techniques have been used, for example thin layer chromatography, high performance liquid chromatography
(Halpine, 1996) gas chromatography/mass spectrometry, UV-visible spectrometry (Novotna et al., 1999) reversed
phase liquid chromatography and capillary electrophoresis with electrospray mass spectrometric detection, FTIR
spectroscopy and Raman spectroscopy (Silva et al., 2006).
The vast majority of Ottoman silk brocade fabrics, which known for Turkish kemha, are fabrics that are now woven
in looms known as jacquards and are very woven fabrics for sultan's family and members of the palace. These
fabrics are invaluable fabrics consist of rich materials and patterns. Ottoman silk brocades were mostly woven for
the sultan’s caftan and were generally they were produced for wearing in ceremonies. The greatest success of
Turkish fabric art, from the mid-16th century, they are naturalistic creatived flowers and herbal beads based on
observations (Atasoy, 1984).
The aim of this work is to serve the cultural heritage of the Ottoman silk brocade fabrics of the 16th and 17th
centuries and reproduce them in accordance with their originality in order to transfer from generation to generation
and to use natural dyes in new productions. For this work, historical silk brocades in the Topkapi Palace Museum in
Istanbul-Turkey were examined and samples were taken.
1
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II. Experimental Set-up and Procedure
II.I. Materials

Weld (Reseda luteola L.), dyer’s sumac (Cotinus coggygria SCOP), Anatolian buckthorn (Rhamnus petiolaris
Boiss.), madder (Rubia tinctorum L.), cochineal insect (Dactylopius coccus Costa), gall oak (Quercus infectoria
Olivier) and natural indigo (Indigofera tinctoria L.) were provided from Turkish Cultural Foundation-Cultural
Heritage Preservation and Natural Dyes Laboratory. Hydrochloric acid (HCl), methanol (CH3OH), asetonitrile
(CH3CN), DMF (dimetilformamide) and TFA (trifluoroasetic acid) in the sample preparing for HPLC analysis were
obtained from Merck. Alum [KAl(SO4)2.12H2O], iron-II-sulphate [FeSO4.7H2O], tin (SnCl2.2H2O), sodium hydroxide
(NaOH) and sodium hydrosulphite (Na2S2O4) were obtained from Merck.
II. Methods

Mordanting and Dyeing: Three methods were used for mordanting. At the first method, silk yarns were mordanted
and then dyed for red and yellow colours. At the second method, silk yarns were dyed with natural indigo for blue
and green colour. This dyeing method is called vat dyeing. At the last method, silk yarns were dyed with natural
indigo before mordanting then was mordanted with alum and was dyed with yellow dyes for green colour. The silk
yarns were submerged in hot water (about 60 oC) for 60 min to relax the silk fibres. The mordanting process was
carried out according to the historical mordanting recipes.
The dyeing procedures were performed in accordance with the historical dyeing method. A ratio of dyestuff to silk
yarn from 1:10 to 1:100 was chosen based on the weight of fresh natural dyes extracted to the silk fabrics used in
the experiment except. The yarn was immersed in a dye bath composed of 100% aqueous solution of the dye. The
temperature of the dye-bath was then gradually raised to about 60 oC and was kept at this temperature for about
10-20 min. The temperature of the dye-bath was then allowed to cool about 30 oC; then the dyed silk fabric was
squeezed, rinsed thoroughly with water and open air-dried.
III. Analysis
Colour measurement

L*, a*, and b* values for historical textiles and reproduced silk brocades (kemha) were measured with Konica
Minolta CM-2300d Software Spectra Magic NX (D65 illuminant, 10°observer). The colours are given in
CIEL*a*b*(1976) coordinates: L* corresponds to brightness (100 = white, 0 = black), a* to the red-green coordinate
(+=red, - = green), b* to the yellow-blue coordinate (+ = yellow, - = blue), and C* to vividness-dullness (100 = vivid,
0 = dull) (Krikken et al., 2008).
HPLC analysis

Chromatographic measurements were carried out using an Agilent 1200 series system (Agilent Technologies,
Hewlett-Packard, Germany) including G1322A Degasser, G1311A Quat pump, G1329A autosample, G13166 TCC,
and G1315D Diode Array Detector. PDA detection was performed by scanning from 191 to 799 nm with a
resolution of 2 nm, and the chromatographic peaks were monitored at 255, 268, 276, 350, 491, 520, 580, and 620
nm. Column: A Nova Pak C18 analytical column (39×150mm, 4μm, Part No.WAT086344, Waters) wasused.
Analytical and guard columns were maintained at 30°C and data station was the Agilent Chemstation. Two
solvents were utilized for chromatographic separations of the hydrolyzed samples. Solvent A: H 2O- 0.1% TFA and
solvent B: CH3CN-0.1% TFA.
The extraction of historical textile samples were performed by HPLC. Samples were hydrolized in 400 µL of H2O:
MeOH: HCl 37% (1:1:2, v/v/v) kept at 100 °C, 8 minutes to extract the organic dyes. Then samples were
evaporated under gentle nitrogen flow. The dry residue was dissolved in 400 µL of the mixture of MeOH:H2O (2:1;
v:v) or 400 µL DMF and was centrifuged at 4000 rpm for 10 min. 50 to 100 µl supernatant was injected into the
HPLC apparatus.
SEM-EDX analysis

Characterization of metal threads on historical textile materials is important for preservation of valuable cultural
heritage. In this study, the samples were investigated using a TESCAN VEGA3 Sbu SEM and Bruker EDX
detector.
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Technical analysis

Optical microscope is used for yarn or fibre characterization of historical textiles. In this study the historical samples
were investigated using a OLYMPUS SZ61 (SZ2-ILST, camera C18U). In the examination of some historical
textiles in the Topkapi Palace Museum by optical microscope, the weaving type, yarn twist direction, weft and warp
frequency of the textiles were determined.
IV. Result and discussion
The aim of this work is to serve the cultural heritage of the Ottoman silk brocade fabrics of the 16th and 17th
centuries and reproduce them in accordance with their originality in order to transfer from generation to generation
and to use natural dyes in new productions (Figure 1).
Technical analysis, colour measurements, elementel analysis in the metal thread and dyestuff analysis consist of
on the basis of this studying. It is observed that red colour is dominant in the Ottoman silk brocades and it is
determined by analysis that insect origin dyes are used to obtain this colour. It was observed that yellow, green and
blue colours other than red were widely used in the Ottoman silk brocades and it was found that the colours of
Anatolia's rich vegetal origin were used. All of the natural dye sources used in these fabrics are the same as those
used in the newly produced silk brocades and have the same characteristics as the technical, pattern and woven
quality.

Fig. 1: Historical silk brocade (left-from İpek book) and reproduction silk brocade (right).
V. Conclusion
According to the results of dye analysis and technical analysis, yarns of the new brocades were dyed and weaved
with the same material, same conditions, same techniques and same dye sources. Reproduced silk brocades were
compared with 16th Ottoman silk brocades. Both of the new production and 16th century Ottoman silk brocades
are same characteristically. The images of originals and reproduction brocades can be compared in Figures18-23,
below.
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Abstract
In this study, four organic cotton fabrics were dyed with gall oak plant. Iron-2-sulphate [FeSO4.7H2O] was used as postmordant.
In these four dyeings, gall oak percentages were 200% and 300%. Dyed these fabrics were analyzed with different methods. L*,
a* and b* values were measured by CIELAB spectrophotometer. pH values of the dyed fabrics were determined by surface pH
meter and they were dedected in the between 5 and 6. HPLC-PDA was used for identification of the dyestuffs in the dyed
fabrics. According to the HPLC results, vanilic acid, gallic acid, ellagic acid and tannic acid derivatives were detected in the dyed
cotton fabrics. SEM-EDX was used for surface image of the dyed and undyed organic cotton fabrics and SE (seconder electron
detector) for imaging was preffered. Washing, light, rubbing and perspiration fastnesses for dyed these fabrics were examined
according to ISO 105 C06:A2S; ISO 105 B02:1995/G:6; ISO 105x12 and ISO 105:E04 standards respectively. Antimicrobial
tests were performed against gram-positive and gram-negative bacteria using AATCC 100 quantitative test method.
Keywords: Natural dyes, gall oak, cotton fabric, antimicrobial activity, fastness, HPLC-DAD, SEM-EDX, color measurement.

I. Introduction
Natural organic dyes are obtained from plants, insects, molluscs, likens, etc. and until the mid to late nineteenth
century (Cardon, 2007; Karadağ, 2007). Natural dyes are known for their use in colouring of food substrate, leather,
textiles as well as natural protein fibres like wool, silk, cotton, etc. as major areas of application since pre-historic
times. Since the advent of widely available and cheaper synthetic dyes in 1856 having moderate to excellent colour
fastness properties, the use of natural dyes having poor to moderate wash and light fastness has declined to a
great extent (Samanta and Agarwal, 2009). Increasing environmental awareness has made people realise the
importance of living in a world with a clean atmosphere. The major hindrance that comes en route to achieving this
is posed by microorganisms, which are the causative sources of objectionable odour, stains, dermal infection,
product deterioration, allergies and other related diseases. Textiles materials find immense applications in
day-to-day life. Textiles, especially of natural origin, are susceptible to microbial attack, as these provide a large
surface area and absorb moisture, which facilitates microbial growth. Hence, there has been growing demand to
develop antimicrobial finishing for textile materials, which offer improved protection to users against microbes
without destroying the desirable characteristics.
Nowadays, popularity of more natural lifestyle based on naturally sustainable goods is on the rise. The use of
natural dyes for textile coloration has re-flourished due to their recently discovered deodorizing, antimicrobial,
antifeedant and UV protective properties, in addition, to the sober and elegant shades on different types of fabrics.
Globally, considerable research work has already been done and is currently underway on textile coloration with
natural dyes for assessment of dyeing, colorimetric and fastness properties. A few researchers had also studied
the antimicrobial properties of naturally dyed textile materials (Shahid et al., 2012).
Tannins are water-soluble polyphenolic secondary metabolites in plants. They occur naturally, and differ from most
other natural phenolic compounds in their ability to precipitate proteins from solutions. Two main groups of tannins
are distinguished according to their structures: hydrolyzable tannins, and condensed tannins (proanthocyanidins).
Hydrolyzable tannins are composed of esters of gallic acid (gallotannins) or ellagic acid (ellagitannins), with a ugar
core which is usually glucose. Major commercial gallotannin (tannic acid) sources are Chinese gall oak, Turkish
gall oak, sumac leaves, and tara pods. Both Turkish and Chinese gall oaks contain a large amount of tannin
gallotannin, 50-70%), and a small amount of free gallic acid and ellagic acid.
Gall oaks have historically been used mainly for tanning leather and in the manufacture of inks and dyes (Sariozlu
and Kivanc, 2011). The mature oak tree grows from an acorn to a tree up to 25m tall. It is slow-growing. The
flowers appear in April and may and the acorns in September and October. The oak galls with alum-mordanted
textile give yellow, and with iron, black (Hardman and Sally Pinhey, 2009).
Quercus infectoria has been used to treat cotton fabrics since time immemorial. As natural dyes show no direct
affinity for cotton fabric, all such textiles are first treated with myrobolan (harda) before dyeing with any vegetable
1
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dye. This product serves more as a mordant that helps to fix the dye on cotton by providing hydroxyl groups, which
act as dye sites (Gupta and Laha, 2007).
Quercus infectoria is found to exhibit a variety of pharmacological properties such as astringent, anti-diabetic,
anesthetic, antiviral, antifungal (Alkan et al., 2017; Soon et al., 2007), antibacterial (Alkan et al. 2015; Basri and
Fan, 2005), larvicidal (Redwane et al., 2002), anti-inflammation (Kaur et al., 2004) and wound-healing (Umachigi et
al., 2008) properties. The literature shows that tannins, especially those of plant origin, have been found to possess
antimicrobial activity. The high tannin component present in oak galls might be responsible for its antimicrobial
activity.
In this study, four organic cotton fabrics were dyed with gall oak plant and mordanted with iron-2-sulphate
[FeSO4.7H2O] as postmordant. HPLC-PDA was used for identification of the dyestuffs in the dyed fabrics.
SEM-EDX was used for surface image of the dyed and undyed organic cotton fabrics and SE (seconder electron
detector) for imaging was preffered. Washing, light, rubbing and perspiration fastnesses of dyed organic cotton
fabrics were performed according to standards. Antimicrobial tests were performed against gram-positive and
gram-negative bacteria by the AATCC 100 quantitative test method. This study which be Project No.7150407 was
supported by TUBITAK (The Scientific and Technological Resource Counsil of Turkey).
II. Experimental Set-up and Procedure
II.I. Materials

Gall oak (Quercus infectoria Olivier) plant was provided from DATU-Cultural Heritage Preservation and Natural
Dyes Laboratory in Istanbul. The following dye standards were used as references: gallic acid from Merck and
ellagic acid from Alfa Aesar. Iron-II-sulphate [FeSO4.7H2O] for post-mordanting of the natural organic cotton fabrics,
hydrochloric acid (HCl), methanol (CH3OH), asetonitrile (CH3CN) and trifluoroasetic acid in the sample preparing
for HPLC analysis were obtained from Merck.
II.II. Methods

In this study, four organic cotton fabrics were dyed with gall oak plant. Iron-2-sulphate [FeSO4.7H2O] was used as
postmordant. Firstly, four cotton fabrics were washed with 10 % nonionic soap in hot water (about 50 oC) for 20
minutes, rinsed and so they were dried. Then, they were dyed with gall oak (Quercus infectoria Olivier) at 100 oC
for 60 and 120 minutes. In these four dyeings, gall oak percentages were 200% and 300%. Dyed fabrics were
mordanted with FeSO4.7H2O at room temperature.
Tab. 1: Mordanting and dyeing procedure.
Fabric
Number

Dye plant
Gall oak %

Dye
bath

Dyeing
Temperature

1

200

100:1

100 C

2

200

100:1

3

300

100:1

4

300

100:1

Dyeing
Time (min.)

Mordant %

Mordant
bath

Mordanting
Temperature

o

60

up to pH=5.5

100:1

room temp.

o

120

up to pH=5.5

100:1

room temp.

o

60

up to pH=5.5

100:1

room temp.

o

120

up to pH=5.5

100:1

room temp.

100 C
100 C
100 C

III. Analysis
Color measurement

L*, a*, and b* values for dyed four cotton fabrics were measured with Konica Minolta CM-2300d Software Spectra
Magic NX (D65 illuminant,10°observer) and results were shown in Table 2. The colours are given in
CIEL*a*b*(1976) coordinates: L* corresponds to brightness (100 = white, 0 = black), a* to the red-green coordinate
(+=red, - = green), b* to the yellow-blue coordinate (+ = yellow, - = blue), and C* to vividness-dullness (100 = vivid,
0 = dull) (Krikken et al., 2008).
HPLC analysis

Chromatographic measurements were carried out using an Agilent 1200 series system (Agilent Technologies,
Hewlett-Packard, Germany) including G1322A Degasser, G1311A Quat pump, G1329A autosample, G13166 TCC,
and G1315D Diode Array Detector. PDA detection was performed by scanning from 191 to 799 nm with a
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resolution of 2 nm, and the chromatographic peaks were monitored at 255, 268, 276, 350, 491, 520, 580, and 620
nm. Column: A Nova Pak C18 analytical column (39×150mm, 4μm, Part No.WAT086344, Waters) wasused.
Analytical and guard columns were maintained at 30°C and data station was the Agilent Chemstation. Two
solvents were utilized for chromatographic separations of the hydrolyzed samples. Solvent A: H 2O- 0.1% TFA and
solvent B: CH3CN-0.1% TFA.
The standard process for dyed cotton fabrics was applied. Each sample was measured in 7.0 mg weight. Samples
were hydrolized in 400 µL of H2O: MeOH: HCl 37% (1:1:2, v/v/v) kept at 100 °C, 8 minutes to extract the organic
dyes. Then samples were evaporated under gentle nitrogen flow. The dry residue was dissolved in 400µL
MeOH:H2O (2:1,v/v) and samples were centrifuged. If necessary, further dilution was carried out (and then
centrifugation 4000 rpm/25°C/10min.) and HPLC analysis was done on the samples. All samples were injected in
100µL. Identified colouring compounds for each sample by HPLC analysis were shown in Table 2.
Tab. 2: L*, a*, b* and identified colouring compounds of the dyed cotton fabrics.
Fabric
Number

L*

a*

b*

Identified colouring
compounds*

1

48.64

0.53

6.05

VA, GA, EA

2

51.54

1.35

8.39

VA, GA, EA

3

45.28

0.30

4.38

VA, GA, EA

4

43.11

0.58

4.85

VA, GA, EA

* VA: Vanilic acid, GA: gallic acid, EA: ellagic acid.
SEM-EDX analysis

Dyed four cotton fabrics were analyzed by SEM-EDX (scanner electron microscopy with energy dispersive X ray
spectroscopy) for surface image and elemental analysis. In this study, TESCAN VEGA3 Sbu SEM and Bruker EDX
detector were used. Fabrics were coated with carbon for elemental analysis and coated with Au:Pd (60:40) for
surface image. SEM images in Figure 1 and results of elemental analysis were shown in Table 3.

Fig. 1: SEM images of the dyed cotton fabrics.
Tab. 3: Results of elemental analysis (%) of the dyed cotton fabrics.
Fabric
Number

Oxygen (O)

Silicon (Si)

Calcium (Ca)

Sodium (Na)

Iron (Fe)

1

96.80

0.71

0.65

0.72

1.13

2

98.19

0.09

0.28

1.11

0.34

3

96.30

0.66

0.24

1.76

1.04

4

97.62

-

0.37

1.62

0.39

Fastness tests

Washing, light and rubbing fastnesses of dyed four organic cotton fabrics were performed according to ISO 105
C06:A2S; ISO 105 B02:1995/G:6 and ISO 105x12 standards respectively. All results were shown in Table 4.
3
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Tab. 4: Results of washing, light and rubbing fastnesses for dyed cotton fabrics.
Rubbing
Fastness
Fabric
Number

Fastness
to Light

Dry

Wet

Colour fastness to Washing
Colour
Change

Staining
Acetate

Cotton

Nylon
6.6

Polyester

Acrylic

Wool

1

4

4-5

3

2

4-5

4-5

4-5

4-5

4-5

4-5

2

4

4-5

4

1-2

4-5

4-5

4-5

4-5

4-5

4-5

3

4

4-5

3-4

1

4-5

4-5

4-5

4-5

4-5

4-5

4

4

4-5

3-4

1-2

4-5

4-5

4-5

4-5

4-5

4-5

Antimicrobial tests

To determine the antimicrobial activity, AATCC 100 standard was used for dyed fabrics. Staphyloccocus aureus
(gram positive) and Escherichia coli (gram negative) were preferred as test bacteria for samples. Obtained results
were reported in Table 5.
Tab. 5: Results of antimicrobial activity against gram positive and gram negative bacteria.
Dyeing Number

Bacterial reduction (%) against
Staphyloccocus aureus

Bacterial reduction (%) against
Escherichia coli

1

96.70

9.31

2

98.61

4.14

3

99.98

78.62

4

99.98

27.59

Result and discussion
Four cotton fabrics are dyed with gall oak plant and then were mordanted with iron. Mordanting process was
applied at room temperature. Iron-II sulphate amount used as postmordant was used according to pH 5.5 value. All
fabrics were analyzed with different analysis methods such as CIELAB spectrophotometer for colour measurement,
HPLC-DAD for identification of the colouring compound, SEM-EDX for elemental analysis, fastness and
antimicrobial tests.
According to the results of colour measurement, the fabric having the darkest color was identified as dyeing
number 4 (Table 2). This result shows that used the highest gall oak plant percentage and dyeing time have been
effective.
Coloring compounds in the dyed cotton fabrics were dedected by High Performance Liquid Chromatography
(HPLC) using Diode-Array Detection (DAD). HPLC-DAD is ideally suited for identification of natural dyestuffs
present in such materials. According to results of HPLC analysis, vanilic acid, gallic acid and ellagic acid were
determined for all fabrics (Table 2). But, it was determined that expecially gallic and ellagic acid amounts were
increased as the gall oak percentage increases. This suggests that the 300% gall oak ratio is better connected to
the cotton fabric than the 200% gall oak ratio.
Dyed four fabrics were coated for elemental analysis. According to results of elemental analysis, the highest iron
content (%) was determined as number 1 dyeing (Table 3). This result indicates that the cotton fabric dyed with the
lowest gall oak used for this study bonding more iron.
Fastness tests were performed for all dyed fabrics. The washing fastness of all the dyed fabrics is very good and
the results are the same. The same results were not changed for light fastness. It was observed that the results
were the same according to dry rubbing fastness results while the results were variable in wet rubbing fastness
(Table 4).
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Antimicrobial activity of the dyed cotton fabrics were tested against gram positive and gram negative bacteria. They
are used Staphylococcus aureus bacterium for gram positive and Escherichia coli bacterium for gram negative.
Dyed cotton fabrics with gall oak (Quercus infectoria Olivier) plant have antimicrobial activity against gram positive
bacterium while have not against gram negative bacterium (Table 5).
V. Conclusions
The results obtained from fastness and antimicrobial analyses (excluding against gram negative bacterium) on
cotton fabrics dyed with gall oak and then mordanted with iron are very good.
Textiles of natural origin are susceptible to microbial attack, as these provide a large surface area and absorb
moisture, which facilitates microbial. Microbial growth on textiles leads to generation of foul odors, discoloration,
dermal infection and other related diseases antimicrobial clothing and textile materials recently attracted
consumers and manufacturers.
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Abstract
In this study, it is aimed to investigate the permeability performance of commercially available surgical gowns. The samples
including disposable and reusable products are compared in terms of their water repellency, air permeability and water
resistance performances. Air permeability and water resistance (hydrostatic head) tests are applied to compare the permeability
performance and spray rating test was applied to determine the water repellency. In addition, the effect of fabric mass on the
permeability properties of disposable gown samples was studied. Besides, the effect of stitch type on air permeability property
of disposable samples was investigated. For this aim, one of the disposable sample was sewn by three different stitch tpes;
cover stitch, interlock stitch and ultrasonic stitch. Then the air permeability performance of stitched regions was compared with
each other and non-stitch regions. As a result of this study, it is seen that air permeability of the disposable nonwoven samples
are higher than the reusable woven sample. With respect to the effect of stitch type, the highest air permeability value was
obtained for interlock stitch.
Keywords:

Surgical gown, disposable, reusable, air permeability, water resistance, stitch type

I. Introduction
Gowns are used widely in healthcare facilities. They have been used to minimize the risk of disease acquisition by
healthcare providers, to reduce the risk of patient-to-patient transmission, and during invasive procedures to aid in
maintaining a sterile field. Currently, gowns protect healthcare personnel performing invasive procedures from
contact with bloodborne pathogens. Although gowns have been recommended to prevent patient-to-patient
transmission in certain settings (eg, neonatal intensive care unit) and for certain patients (eg, those infected with
vancomycinresistant enterococci), scientific studies have produced mixed results of their efficacy (Rutala, 2001).
The commercial surgical gowns can be categorized as reusable and disposable. The reusable category consists of
products made up by using weaving technology and the disposable category i.e., single use type, is produced via
nonwoven technique. The disposable surgical gowns are sterilized by the manufacturer before they are delivered
to the user. However, some materials are suitable for hospital steam autoclaves, and thus non-sterile product
ranges are also available (Behera, 2009). The reusable products have some benefits in terms of environment, cost
and wearer preference over the disposable ones. The reusable gowns provide minimizing the amount of clinical
waste and ignore the need to dispose of potentially hazardous, contaminated materials. There is a potential for
substantial cost savings both in terms of incineration and the need to maintain a stock of single-use materials
(Behera, 2009). Reusable surgical gowns have very important place among the variants of medical textiles.
Healthcare workers are faced with potential exposure to dangerous pathogens and so they carry the risk of
contamination of different pathogens in their daily use. Taking into account of all the usage condition of the surgical
gowns, they are required sufficient durability and comfort characteristics. The improved bioclimatic and
physiological properties such as breathability, thermoregulatory characteristics, ease of laundering, sterilization
and antistatic behavior, low level of textile chemicals and dyes with high mechanical stability are also of increasing
demands (Das, 2009). The reusable surgical gowns have some disadvantages in usage. It is known that the quality
and the performance of reusable gowns decrease after the high processing cycles and it is difficult to ensure the
sterilization and ready for reusing after each surgical operation. Products made from microfibers must be
repeatedly impregnated in order to maintain a uniform barrier performance. On the other hand, it is very diificult
and critical to record the frequency of processing for each individual surgical item.
Since the disposable surgical gowns are used only once, the product quality is consistent and there is no potential
about damage to the barrier performance. Furthermore, there is no need for in-house processing (Behera, 2009).
Disposable surgical gowns are most commonly constructed of nonwoven materials, alone or in combination with
materials that offer increased protection from liquid penetration.
The three most commonly used nonwoven fabrics for surgical gowns are (Rutala, 2001);
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Spunlace, hydroentangled: Material often consisting of wood pulp and polyester fibers.



Spunbond/meltblown/spunbond: A fabric consisting of three thermally or adhesively bonded layers. The
spunbond component provides strength and the meltblown part provides barrier effect.
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Wet-laid: A nonwoven fabric consisting of wood pulp or a blend of polyester and wood-pulp fibers.

Based on an evaluation of the functional requirements, environmental impact, and economics of gowns and drapes,
clear superiority of either reusable or single-use gowns cannot be demonstrated. The selection of particular gowns
by individual healthcare facilities requires an assessment of the facility’s requirements, available products, and
costs (Rutala, 2001).
Rutala and Weber conducted a review study on single-use and reusable gowns and drapes. Main characteristics of
the surgical gowns are evaluated and compared in terms of environmental impact, cost and barrier effectiveness
(Rutala, 2001). Leonas studied the fabric characteristics in relation with the barrier properties of surgical gown
fabrics. It was stated that the repellency and pore size contribute to gown performance. Higher repellency ratings
generally corresponded with higher barrier properties. It was also concluded that laundering reduces the ability of
the fabric to prevent the transmission of bacteria through the fabrics (Leonas, 1998). Aibibu et.al (2003)
investigated the effect of fabric construction on barrier performance of surgical gowns. The correlation between the
pore size distribution of the fabrics and the penetration tests were demonstrated. The pores in the filament yarn
and within the fabric structure were determined via image processing technique. Leonas and Jinkins (1997) studied
the relationship between fabric characteristics and the barrier effectiveness of the surgical gown fabrics against
bacterial transmission. The effect of laundering on barrier effectiveness was also investigated. Five commercially
available reusable surgical gowns were evaluated. The physical characteristics of the samples such as weight,
pore size, oil and water repellency were measured. Gowns were laundered 25 and 50 times and then the
resistance to the microorganism transmission was determined. It was stated that repellency and pore size
contributed to the gown performance whereas, laundering reduced the fabric barrier effectiveness. Laourine (2011)
and Rief et al. (2011) studied the effect of pore structures on barrier effectiveness of the woven surgical gowns. 3D
pore morphology was modeled virtually and the influence of weaving parameters on the pore morphology was
identified. Functional properties in terms of barrier effectiveness and permeability were determined. Cao (2007)
presented a thesis on effect of ambient temperature and body heat on liquid penetration of commercially available
surgical gowns. Cao and Cloud (2011) explored the effects of pre-wetting and temperature on penetration
performance of surgical gowns. In the former study (Cao and Cloud, 2011), the effect of pre-wetting of the inner
and outer surface of surgical gown materials on their resistance to subsequent penetration was investigated. Two
gown fabrics currently in common use, one disposable and one reusable, were tested for liquid penetration
following standard procedures specified for categorizing surgical gown protection levels. As a result of the
statistical analysis, it was indicated that dry–wet condition of surgical gown fabrics was a significant factor in barrier
efficiency. In the later study (Cao and Cloud, 2010), effect of ambient and fabric temperature on liquid penetration
performance of reusable and disposable surgical gowns were investigated. Yan and Tsai (2016) investigated the
impact of pore size and hydrostatic pressure on the resistance of the nonwoven media to blood penetration.
Pociute et al. (2003) studied with woven polyester fabric samples with different construction and yarn properties as
surgical gown samples. The wetting behaviors of different gown fabrics were evaluated. Maqsood et al. (2016)
presented a study on effect of weave structure and fabric thread density on the barrier effectiveness of woven
surgical gowns. Twelve fabric samples with three weave structures; plain, twill and sateen were produced. All the
samples were applied water repellency finishing. The samples were applied spray and air permeability tests. It was
concluded that weave float size and fabric thread densities have the significant influence on barrier effectiveness of
woven surgical gowns. Pamuk et al. (2008) investigated the thermal comfort involving the heat transfer between a
cloth body and environment of disposable surgical gowns. Three nonwoven disposable surgical gowns; spunlace,
spunlace (reinforced) and SMS were used as samples. It was stated that the types of surgical gowns affect the
thermal insulation, but according to the statistical evaluation, there was no significant difference between surgical
gowns types. Bogdan et al. (2011) also explored the thermal comfort properties of the surgical clothing. In a similar
way performed by Pamuk et al. (2008), thermal manikins were used to determine the heat transfer. Kaplan et al.
(2011) compared the comfort and protection performance of disposable and reusable surgical gowns. Four surgical
gown samples; Two reusable and two disposable, were used for this study. It was concluded that reusable surgical
gowns had superior properties than disposable gowns in terms of comfort and protection performance. However, it
was emphasized that frequently used woven gowns could not resist passage of bacterial solution. Xu et al. (2012)
investigated the relation between thermal properties and air permeability performances of the surgical gowns and
fabric structure properties.
This study is different from previous studies with respect to being an experimental study on the effects of fabric
mass and stitch type of commercially available disposable surgical gowns on permeability performance. In addition,
a performance comparison between commercially available reusable and disposable surgical gowns is also done.
II. Material and Method
In this experimental study, three commercially available disposable surgical gowns and one reusable gown were
used.
Disposable
samples
were
made
of
polypropylene
fibers
and
produced
as
spunbond-meltblown-meltblown-spunbond (SMMS) nonwoven configuration.
2
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Disposable samples consist of three different fabric masses; Low mass, medium mass and high mass. In addition,
there was protective region of MM sample with PE lamination on the back side of the gown. On the other hand, one
reusable sample was investigated. This sample is composed of Polyester&Cotton woven base fabric and a second
layer of polyester woven fabric for the protective region on the front side of the gown. The structural properties of
the samples are given in Table 1.

DISPOSABLE

Tab.1: Structural properties of fabrics
Fabric sett,
threads/cm
-

0.4

69

-

0.12

47

Samples

Thickness (mm)

LM
MM

Low mass SMMS
Medium mass SMMS
Medium mass SMMS
with PE lamination
High mass SMMS

MM+PE
HM
PES

REUSABLE

0.25
0.31

Fabric
mass, g/m2
33
42

Sample code

PES/CO
PES/CO+L

Polyester Woven
Fabric
Polyester&
Cotton (50:50)
Woven Fabric
Polyester&
Cotton Fabric with
woven PES layer

0.08

60

0.25

116

0.32

176

50 warp/cm
36 weft/cm
42 warp/cm
30 weft/cm
-

The performance properties of samples namely, water repellency, water resistance and air permeability were
tested according to standards of TS EN ISO 4920, TS 257 EN 20811/T1 and TS 391 EN ISO 9237 respectively. Air
permeability test was done with digital air permeability test device at 100 Pa pressure drop and 20 cm² test area.
The water resistance test was fulfilled with hydrostatic head tester. The test was applied to one side of 100 cm² test
area at the rate of pressure increase of 10 mbar per minute. The pressure was increased until the third growing
drop appears. In order to determine the water repellency of the samples to wetting, spray rating test was applied to
all the samples. Test results were evaluated by using AATCC standard ratings.
Additionally, the effect of stitch type on air permeability property of disposable samples is also investigated for
medium mass disposable samples. For this aim, MM sample were sewn by cover stitch, interlock stitch and
ultrasonic stitch (Figure 1).

Fig. 1: Stitch types

III. Results and discussions
Air permeability and water resistance test results are exhibited in Figure 2 and Figure 3, respectively.
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Air permeability
mm/sec

600

572

500

384

400

301

300

218,6

200
100

1,66

0

1

0,971

Fig.2: Air permeability of samples

Water resistance
mbar
103,62

120

100
80

60
40
20
0

13,42
LM

19,98

MM

17,6

HM

MM+PE

Fig.3: Water resistance of samples

Both the air and water resistance of the nonwoven samples; LM, MM and HM are higher than the woven samples.
As the mass of disposable gown samples increase, the more fiber material exists per unit area. Thus, porosity
between the fibers decreases and so this situation causes a higher drag resistance to air flow through the fabric.
Consequently, air permeability decreases owing to losing more kinetic energy during air passage. As it is expected,
the lowest air permeability value among disposable samples is obtained with MM+PE because of lamination. The
water resistance values of three disposable surgical gowns; LM, MM and HM are close to each other. Due to the
high barrier effect of lamination, the water resistance value of MM+PE is higher than the other disposable samples.
Water repellency results of the samples and sample layers are given in Table 2. All the samples except PES/CO
(base layer of reusable gown) exhibit good resistance to water penetration through the fabric and wetting. PES/CO
fabric absorbs the water drops and become totally wet.
Tab. 2: Water Repellency Results
Samples

Water repellency

LM

ISO 5

MM

ISO 5

MM+PE

ISO 5

HM

ISO 5

PES

ISO 5

PES/CO+L

ISO 5

PES/CO

0

4
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Since the surgical gowns consist of some parts such as front, back and sleeves, they have to be joined by means
of sewing or fusing. It is required that the permeability properties at the stitched parts should also be controlled due
to the risk of penetration potential. In order to observe the effect of stitch type on surgical gown air permeability
performance, three stitch types; cover stitch, interlock stitch and ultrasonic stitch (Figure 1) were used for joining
clothing parts of MM samples. The air permeability values of these stitch regions are given in Figure 4. The highest
air permeability value is obtained with interlock stitch and the lowest is obtained with ultrasonic stitch. The changes
in air permeability values at the seam line are determined as percentage of the air permeability value of MM
sample and presented in Table 3. Ultrasonic and cover stitch types provided decrease in air permeability. Since the
clothing patterns are joined by fusing in ultrasonic stitching method, the pores are completely closed at seam line
and so the decrease in air permeability was higher than that of cover stitch. Because of the forming structure of the
interlock stitch, the pattern parts are not hold as close as other stiches. The more open area exists between the
joining parts and the air passage through the seam line occurs easily. So, interlock stitch have higher potential of
liquid transmission during usage.
Air permeability
mm/sec
500

368

404

379

400
300

200
100
0

Ultrasonic Stitch

Interlock Stitch

Cover Stitch

Stitch types
Fig.4: Water resistance of samples
Tab. 3: Air permeability change at stitch regions

Air Permeability
Change, (%)

Ultrasonic
Stitch

Interlock
Stitch

Cover
Stitch

-5,21

3,91

-1,3

V. Conclusions
In this study, air permeability and water resistance tests were applied to commercially available reusable and
disposable surgical gown products for comparing the permeability performance. The spray rating test was applied
to determine the repellency property. As a conclusion of the test results, it can be said that the disposable surgical
gowns have both better air permeability and water resistance than reusable sample. The reusable sample in this
study has a tendency of wetting, as seen from spray rating test results. So it was not possible for this sample to
measure the water resistance. Consequently, it can be resulted that the commercially available disposable surgical
gowns may have better barrier effectiveness than reusable sample.
On the other hand, the air permeability of the disposable surgical gowns increased by the increase in the mass of
the nonwoven products. In the protective regions of the MM+PE sample, the air permeability was quietly low. The
water resistance values of the three different mass of disposable surgical gowns were close to each other.
However, the protective area of the MM+PE sample provided much higher water resistance performance than the
other disposable samples. The water repellency performances of all samples were good except PES/CO blended
woven fabric (base layer of reusable gown). However, it also presented the worst barrier effectiveness. The air
permeability performance of seam line of the surgical gowns was also determined. The highest air permeability
value was obtained with interlock stitch and the lowest was obtained with ultrasonic stitch. According to the results,
it can be proposed that the interlock stitch have higher potential of liquid transmission on the seam line during
usage.
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Properties of Weft Knitted Fabrics Made from Dual Core-Spun Yarns
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Abstract:
Recently, the Dual Core-spun yarns have been widely used as weft yarns to enhance the denim fabric properties. Yet, they haven’t
been used in knitted fabrics. Thus, this study aims to use these yarns in the knitting and compare the properties of these fabrics
with the properties of the fabrics knitted from Core-spun yarns. Core and Dual Core-spun yarns were used to produce weft knitted
fabrics with different structures; Single Jersey, Rib 1x1, and Full Cardigan, and using different levels of stitch length. Results
showed that yarn type has a significant effect especially on fabric recovery, elasticity, and shrinkage. While it has an insignificant
effect on drapability, thermal resistivity, and air permeability.
Keywords: permanent set, core yarn, Dual Core yarn, thermal resistivity.

I. Introduction:
The elastane yarn (full plated) was used for
many years to enhance the dimensional stability
of the knitted fabrics. Later on, the core spun
yarns were used as weft yarns to improve the
recovery and elasticity of the denim fabrics.
Recently, the Dual Core-spun yarns from Lycra
and polyester have been used to enhance the
strength, Irregularity, and elasticity. Many
researchers interested in studying the core spun
yarns properties and compare them with the
100% cotton yarns properties. The core-spun
yarns are superior to 100% cotton ring spun
yarn in terms of elongation, strength, energy to
break, and imperfections, in addition to the
aesthetics, durability, and comfort properties [1].
Sujit et al. [2] studied the influence of twist
multiplier, linear density, stretch ratio, and
applied load on the tenacity and elastic
performance of cotton/lycra core spun yarn and
they concluded that the cotton/lycra core spun
yarn manufactured with lower linear density,
lower stretch, and low twist multiplier has better
elastic performance.
Once the Dual Core-spun yarns emerged and
widely being used as weft yarns in denim
fabrics, the researches were quick and
successive to study the behavior of this type of
yarns. These studies focused on the properties
of the woven fabric. Osman et al. [3] analyzed
the effect of the elastane containing dual-core
weft yarn density on the denim fabric
performance properties and they concluded that

the construction influences the fabric width and
the unit weight more than the elasticity ratio.
Also, the weft density has a significant influence
on fabric’s color values. Furthermore, Esin et al.
[4] studied the influence of filament fineness and
yarn count on the performance of the denim
fabric made from core spun yarns containing
textured microfilaments. They found a significant
effect of the filament fineness on the tensile,
static, and dynamic tearing properties of the
denim fabrics. Besides, the yarn count exhibited
insignificant influence on the static tearing
properties.
Bilal et al. [5-6] studied the effect of the
elastane denier and draft ratio on woven fabric
properties. They concluded that both factors are
important for stretchability and tear strength. And
the fabric tensile strength is mainly influenced by
the elastane denier while the fabric recovery
after stretching is mainly influenced by the
elastane draft ratio. Also, they found that the
increase of the elastane draw ratio resulted in
increasing the air permeability of the 2/2 twill
fabrics. However, the trend was varying for the
2/1 twill and 3/1 twill fabrics.
Yet, there is less information in the literature
about using these novel yarns in the knitting
process. Therefore, this research aims to
compare the properties of the fabrics knitted
from Core and Dual Core-spun yarns taking into
consideration the effect of processing variables.
It is expected that using Core and Dual Corespun yarns in the knitted fabrics may improve
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the production efficiency and doing without the
Lycra feeding systems.
II. Materials and Methods:

Where L is the sample length after loading or
relaxation and Lo is the original sample length.
Table 2. The yarns characteristics.
Yarn type
Dual Core
Core

In order to investigate the effect of using the
Core and Dual Core-spun yarns on the comfort
properties of the knitted fabrics, three different
fabric structures were used, with three levels of
loop length while knitting the fabrics on STOLL
CMS 433.6 flat knitting machine, 6 cam
systems, and gauge 10, as shown in Table 1. 10
Ne count for the Core and Dual Core-spun yarns
was used which is suitable for the machine
gauge. Both yarns properties are shown in Table
2.
Table 1. The experimental plan.
Loop
Yarn type
length
Fabric structure
Dual
L (mm)
Core
core
L1
6.8
√
√
Single
L2
7.3
√
√
Jersey
L3
7.8
√
√
L1
6.7
√
√
Rib 1x1
L2
7.1
√
√
L3
7.5
√
√
L1
6.3
√
√
Full
L2
6.7
√
√
Cardigan
L3
7.1
√
√

The fabric recovery was evaluated by
calculating the permanent set using a method
analogues to the ASTM D3107 for denim fabrics
[7] but using a constant rate of elongation
instead of the constant rate of loading. 5x30 cm
samples were tensioned using TENSO LAP
tester with a gauge length 20 cm and applying
five levels of extension; 40%, 60%, 80%, 100%,
and 120% for 30 minutes each. The new
samples length was measured directly
afterward. Then the samples were kept in a
chamber at the standard conditions (20±2°C and
65±5% relative humidity) for two hours prior to
measuring its new length again. The permanent
set before and after relaxation was calculated
according to equation (1).

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑒𝑒𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠 (%)
𝐿𝐿 − 𝐿𝐿𝑜𝑜
=(
) × 100 … . (1)
𝐿𝐿𝑜𝑜

Composition

Count (Ne)
Yarn twist (tpi)
Irregularity (CV%)
Mean elongation at
break (%)
Minimum
elongation at break
(%)
Mean tenacity
(cN/tex)
Minimum tenacity
(cN/tex)
Mean breaking
force (cN)

Cotton
86.35% /
Polyester
9.7% /
Elastane
3.95%

Cotton
96.16% /
Elastane
3.84%

10.43
14.21
8.26

10.52
14.6
8.38

8.11

7.13

7.53

6.65

16.05

15.88

15.17

14.7

908.9

891.7

All fabric samples were washed in a home
laundering machine for three consecutive
washing cycles. The washing process was
carried out on (A) program designated for cotton
fabrics at 60°C. Then the fabric shrinkage was
tested. And Table 3 shows the fabric geometry
after repeated washing. The fabric bursting
strength was tested by using Tinius Olsen
Material Testing Machine 500 according to
ASTM D3787-2001 by applying 50 kgf load, 95
mm extension, head speed of 305 mm/min, 90
mm endpoint, and 0.1 kgf preload. The fabric
stiffness was measured according to ASTM
D4032.
Thermal
comfort
characteristics
were
measured. Alambeta instrument was used to
measure the dry thermal resistivity according to
ISO EN 31092-1994. Air permeability was
measured on Metefem instrument according to
ASTM D737. The working pressure was 100 Pa
using 20 cm2 fabric samples. To determine the
statistical importance of the yarn type, fabric
structure, and loop length on all knitted fabric
tested properties, analysis of variance (ANOVA)
tests were applied using SPSS software.
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Full Cardigan

Rib 1x1

Single Jersey

Fabric
struct
ure

Yarn
type
Dual
Core
(D.C
)
Core
(C)
Dual
Core
(D.C
)
Core
(C)
Dual
Core
(D.C
)
Core
(C)

Loop
length

Table 3. Fabric geometry.
Courses
density
(/cm)

Wales
density
(/cm)

Fabric
weight
(g/m2)

L1

15.69

8.47

478.97

L2

14.73

8.14

483.07

L3

14.08

7.75

473.57

L1

15.69

8.37

468.52

L2

14.93

8.12

473.31

L3

14.08

7.66

460.73

L1

16.29

13.29

680.61

L2

14.60

12.07

663.17

L3

13.38

11.54

664.16

L1

16.33

13.04

671.31

L2

14.68

12.00

651.06

L3

13.33

11.11

642.28

L1

32.65

9.42

807.36

L2

31.37

9.19

804.14

L3

30.77

9.13

811.37

L1

32.65

9.21

788.40

L2

31.37

9.03

788.95

L3

30.42

8.84

779.03

after relaxation of the fabrics made from Core
yarns increases from 1.7% to 7.5%. This
difference is ascribed to the differences in yarn
structure where the Dual Core yarn contains a
proportion of polyester fibers which in turn
increases the yarn elongation as shown in Table
2. This superiority makes the Dual Core yarns
suitable for the knitted fabrics which are
subjected to a high extension such as the
sportswear. Moreover, both the breakage rate of
yarns during knitting as well as the fabric defects
was lower in case of using Dual Core yarns.
Consequently, the permanent set of the fabrics
made from Dual Core yarns only has been
presented at different levels of extension, loop
length, and fabric structure.
Table 4. Statistical significance (p-value) of the
tested parameters on fabric properties.
Yarn
Fabric
Loop
Property
type structure length
Bursting force
0.399
0.001
0.001
Shrinkage
0.002
0.000
0.019
Stiffness
0.477
0.000
0.002
Thermal
0.297
0.000
0.253
resistivity
Air permeability
0.934
0.010
0.000

III. Results and Discussions:

Figure 1 shows the permanent set of the
Single Jersey fabrics made from Core and Dual
Core yarns at different levels of extension before
and after relaxation. Obviously, the permanent
set decreases after relaxation by a ratio up to
6% for all samples either made from the Core or
the Dual Core yarns.
It is noticed from the figure that, as the
extension increases from 40% to 120%, the
permanent set after relaxation of the fabrics
made from Dual Core yarns increases from
0.8% to 4.2%. This is attributed to the larger
stresses the fabric is subjected to during the
extension process. While the permanent set

12
Permanent set (%)

p-Values of the results obtained were
examined, if greater than 0.05 (p>0.05), the
parameter is insignificant and should be ignored.
Table 4 shows the results of the statistical
significance at 95% confidence level.

8
6
4
2
0
40

60

80
100
Extension (%)

D.C before relaxation
C before relaxation

120

D.C after relaxation
C after relaxation

Figure 1. The permanent set of the Single Jersey
fabrics at loop length L1.

Figure 2 shows the permanent set of the
Single Jersey fabrics made from Dual Core
yarns after relaxation at different levels of loop
length. It is apparent that as the loop length
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the yarns interloping path in Rib structure which
is characterized by the recovery in courses
direction while the loading during the test was in
the wales direction.
14
12
Permanent set (%)

increases, the permanent set increases due to
the reduction of the tightness factor when loop
length increases. Whereas the permanent set
increases from 1% to 4% approximately when
the loop length increases from 6.8 mm to 7.8
mm. It is also remarked from the figure that
when applying the extension up to 70%, the
fabric recovers its original length to a great
extent approaches 99%, particularly at short
loop lengths. Therefore, it is preferred to use
Dual Core yarns in knitted fabrics to guarantee
the fabric recovery.
8

Permanent set (%)

7

10
8
6
4
2

6

0

5

40

60

4
Single Jersey

3

80
100
Extension (%)
Rib 1x1

120
Cardigan

Figure 3. The permanent set after relaxation for the
three structures made from Dual Core yarns at same
loop length.

2
1
0
40

60

L 6.8 mm

80
100
Extension (%)
L 7.3 mm

120

L 7.8 mm

Figure 2. The permanent set of the Single Jersey
fabrics made from Dual Core yarns after relaxation.

Figure 3 shows the relationship between the
extension and the permanent set after relaxation
for the different fabric structures made from Dual
Core yarns almost at the same loop length. It is
clear from the figure that the trend of both Single
Jersey and Full Cardigan is almost identical, i.e.
the same permanent set at most extension
percentages. This is maybe because the wales
density in both structures is equal as shown in
Table 3, moreover, the extension was in the
wales direction. It is remarked from the figure
that the extension up to 60% for all structures is
within the acceptance limits (the permanent set
is less than 5%). However, the Rib 1x1 structure
records the highest permanent set compared to
the other structures by a ratio up to 10% at 20%
extension. This is because of the difference in

Since the knitted fabrics made from the Dual
Core yarns are characterized by the recovery to
a great extent, this necessitates measuring the
force that causes the extension of the fabrics
made from Core and Dual Core yarns. This was
carried out by using the fabric bursting tester. It
is obvious from Figure 4 that the moving jaw has
reached its maximum stroke while bursting did
not take place for any of the fabric structures.
It is also evident from Figure 4 that the fabric
made from Dual Core yarns requires lower force
to obtain a higher extension, in addition, to
recover its original length approximately after
relaxation. Thus the comfort is achieved in the
fabrics made from the Dual Core yarns.
However, the statistical analysis showed that the
yarn type has an insignificant effect on the fabric
bursting strength. As can be seen from the
figure, the Full Cardigan structure records the
lowest force (125 N) to obtain the same
extension of the other two structures.
Furthermore, the trend of the Rib 1x1 and Single
Jersey fabrics is almost similar. And this is
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maybe because the courses density in both
structures is equal, as shown in Table 3.
400

350

300

Force (N)

250

difference is due to the differences in the fabric
structure and the arrangement of the yarns
interloping with each other. And the results show
that the statistical analysis of this effect is
significant. Furthermore, the effect of the yarn
type is significant where the shrinkage of the
fabrics made from the Dual Core yarns is less
than that made from Core yarns by a ratio up to
10% especially in the Full Cardigan structures.
Hence, the usage of Dual Core yarns enhances
the fabric dimensional stability after repeated
washing.
41

200

36

Shrinkage (%)

150

100

50

31
26
21
16
6,3

0
0

20

40
60
Distension (mm)

D.C Single Jersey
D.C Rib 1x1
D.C Cardigan

80

D.C Single Jersey
D.C Rib 1x1
D.C Cardigan

C Single Jersey
C Rib 1x1
C Cardigan

Figure 4. The bursting force of the fabrics at the same
loop length.

Figure 5 shows the effect of loop length and
fabric structure on the shrinkage in wales
direction of the fabrics made from Core and Dual
Core yarns after repeated washing. It can be
observed from the figure that, the values of
fabric shrinkage in wales direction after repeated
washing become close in the three structures.
But the Full Cardigan structure is the highest,
especially when using Core yarns. This justifies
the high weight values of the Full Cardigan
fabric.
It is noticed that, at the same loop length
approximately (6.7 mm), the shrinkage of the
Full Cardigan fabric in wales direction is
approximately 36% followed by the Single
Jersey, 32% and the Rib 1x1, 28%. This

7,8

C Single Jersey
C Rib 1x1
C Cardigan

Figure 5. Effect of yarn type, loop length and fabric
structure on the fabric shrinkage in wales direction.

Figure 6 shows the effect of loop length and
fabric structure on the stiffness of the fabrics
made from Core and Dual Core yarns. Evidently,
as the weight per square meter and the
thickness of the Full Cardigan fabric are higher
than the other fabrics, the required force to bend
this fabric becomes greater. This results in low
drapeability of this fabric. Whereas its stiffness is
higher than the stiffness of the Rib 1x1 and
Single Jersey by 47% and 167%, respectively.
When the loop length increases, the stiffness
decreases by a ratio up to 26% particularly in
the Rib 1x1 because of the high porosity of that
fabric. While the yarn type as shown in Figure 6
and Table 4 has an insignificant effect on the
stiffness and subsequently the drapeability.
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at the same loop length, results show that the air
permeability of the Full Cardigan fabrics is very
close to the Single Jersey fabrics. But both of
them are higher than the Rib 1x1 structure by a
ratio up to 40%. As for the yarn type, the results

Fabric stifiness (N)

29
24
19

shown in Figure 8 and Table 4 reveal that the
yarn type has an insignificant effect on the air
permeability.

14

6,3

6,8
7,3
Loop length (mm)

D.C Single Jersey
D.C Rib 1x1
D.C Cardigan

7,8

C Single Jersey
C Rib 1x1
C Cardigan

Figure 6. Effect of yarn type, loop length and fabric
structure on the fabric stiffness.

As far as the effect of yarn type on the
thermal properties is concerned, Figure 7 shows
the relationship between the loop length and the
thermal resistivity of the different fabric
structures made from Core and Dual Core
yarns. The statistical analysis reveals that the
effect of the yarn type and the loop length on the
thermal resistivity are insignificant. However, in
the Full Cardigan structures, the thermal
resistivity of the Core yarn based fabrics is
higher than the Dual Core yarn based fabrics by
a ratio up to 9% at the same loop length. It is
also clear from the figure that the thermal
resistivity of the Rib 1x1 fabrics is very close to
the Single Jersey fabrics even though the weight
and the thickness are different. But the thermal
resistivity of the Full Cardigan is higher than
both structures by a ratio up to 43% and this is
due to the high fabric thickness.
Figure 8 shows the relationship between the
loop length and the air permeability of the
different fabric structures made from Core and
Dual Core yarns. It is clear from the figure that
the loop length has the maximum effect on air
permeability and this is verified by the statistical
analysis. When the loop length increases, the air
permeability increases by a ratio up to 73%
particularly in Rib 1x1 because of the high
porosity in that fabric at longer loop length. Also,

34
32
30
28
26
24
22
20
18
6,3

6,8
7,3
Loop length (mm)

D.C Single Jersey
D.C Rib 1x1
D.C Cardigan

7,8

C Single Jersey
C Rib 1x1
C Cardigan

Figure 7. The relationship between the loop length
and the thermal resistivity of the different knitted
structures.

Air permeability (mm/s)

4

Thermal resistivity × 10-3 (K.m2.W-1)

9

70
65
60
55
50
45
40
35
30
25
20

6,3

6,8
7,3
Loop length (mm)

D.C Single Jersey
D.C Rib 1x1
D.C Cardigan

7,8

C Single Jersey
C Rib 1x1
C Cardigan

Figure 8. The relationship between the loop length
and the air permeability of the different knitted
structures.
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IV. Conclusion
Three different weft knitted fabric structures
were made from Core and Dual Core-spun
yarns and the most important results are as
follows;














By using the Dual Core yarns in the Single
Jersey fabrics, the recovery was 99% at
60% extension and 97% at 120%
extension. While it was 97% and 92% at
the same values of the former extensions,
respectively when using the Core yarns.
As the loop length increases, the
permanent set increases by 4% especially
at high extension percentages.
The permanent set of the Rib 1x1 fabric
made from Dual Core yarns is higher than
the other fabric structures by 10%,
especially at high extension percentages.
By using the Dual Core yarns instead of
Core yarns, the fabric extension increased
by 3%, especially in Full Cardigan fabric.
The fabric shrinkage after repeated
washing improved by 10% especially in Full
Cardigan fabric when using the Dual Core
yarns instead of Core yarns.
The effect of Dual Core yarns on fabric
drapability, thermal resistivity, and air
permeability is insignificant.
Generally, using the Dual Core-spun yarns
enhances the most important properties of
the weft knitted fabrics; the extension with
the minimum load and the recovery of the
original length after loading particularly in
the Single Jersey structure.
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ABSTRACT
The comfort performance of car seat is important factor while producing car seats, each layer
of the car seat is tested separately on classical testing machines, which lacks the real car
seat performance when all layers are sandwiched. The complication of car seat design and
the testing method bring a great demand of portable device which can measure the comfort
performance of the real car seat. In this research a novel portable device is designed which
work with special heat flux sensor and the device is connected to computer by USB port and
values of heat flux temperature of the water and temperature of the surface is provided by the
software. Heat flux sensors measure the heat transfer through a surface, and are expressed
in kw/m2. The software controls the heating plate adjustment using PID controller. The device
is tested with real car seat and shows repeatable and reproducible results.
Key Words: car seat, comfort, portable device, heat flux

Introduction
Today, comfort has become a major quality criterion of cars. Comfort in a
car is a complex phenomenon and comprises such different aspects as, for
example, noise, driving behavior, or ease of handling. One of the most important
factors influencing passenger convenience is thermal comfort. Therefore, car
manufacturers are paying a lot of attention to this aspect, as can be seen by an
increased application of air conditioning in the car [1]
A particularly important aspect of vehicle comfort is the seats. Seats do not
only have to have an attractive design or meet specific design criteria for safety
reasons, they must also have optimum comfort properties. But seat comfort is much
more than just passenger convenience. Scientific findings show that the
performance of a driver over long distances significantly decreases if the car seats
do not support posture and heat balance as required. This leads to exhaustion and
loss of concentration, which, in extreme cases, could result in serious accidents [2.3]
In addition to ergonomic considerations of comfort, the climatic or
thermophysiological comfort of the seat is of particular importance. This indicates
whether the seat is able to support the thermoregulation of the body via heat and
moisture transport.
Methodology
PID controller
The device is controlled using the PID controller
 Proportional (P)
 Integral (I)
 Derivative (D)
Here is the classic block diagram of a process under PID Control.
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Fig. 1. Block diagram of PID controller

The ideal version of PID controller is controlled by this equation.
𝑡𝑡

𝑑𝑑𝑑𝑑(𝑡𝑡)

(1)
𝜇𝜇(𝑡𝑡) = 𝐾𝐾𝐾𝐾. 𝑒𝑒(𝑡𝑡) + 𝐾𝐾𝐾𝐾 ∫0 𝑒𝑒(𝜏𝜏)𝑑𝑑𝑑𝑑 + 𝐾𝐾𝐾𝐾
𝑑𝑑𝑑𝑑
Where 𝝁𝝁 is the control signal and e is the control error. The control signal is thus a
sum of three terms: a proportional term that is proportional to the error, an integral
term that is proportional to the integral of the error, and a derivative term that is
proportional to the derivative of the error. The controller
parameters are proportional gain kp, integral gain ki and derivative gain
kd.Proportional-Integral-Derivative (PID) control is the most common control
algorithm used in industry and has been universally accepted in industrial control.
The popularity of PID controllers can be attributed partly to their robust performance
in a wide range of operating conditions and partly to their functional simplicity, which
allows engineers to operate them in a simple, straightforward manner.
Proportional Response
The proportional component depends only on the difference between the set point
and the process variable. This difference is referred to as the Error term.
The proportional gain (Kc) determines the ratio of output response to the error signal.
For instance, if the error term has a magnitude of 10, a proportional gain of 5 would
produce a proportional response of 50. In general, increasing the proportional gain
will increase the speed of the control system response. However, if the proportional
gain is too large, the process variable will begin to oscillate. If Kc is increased further,
the oscillations will become larger and the system will become unstable and may
even oscillate out of control.
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Fig. 2. Block diagram of a basic PID control algorithm

Integral Response

The integral component sums the error term over time. The result is that even a
small error term will cause the integral component to increase slowly. The integral
response will continually increase over time unless the error is zero, so the effect is
to drive the Steady-State error to zero. Steady-State error is the final difference
between the process variable and set point. A phenomenon called integral windup
results when integral action saturates a controller without the controller driving the
error
signal
toward
zero.
Derivative Response
The derivative component causes the output to decrease if the process variable is
increasing rapidly. The derivative response is proportional to the rate of change of
the process variable. Increasing the derivative time (Td) parameter will cause the
control system to react more strongly to changes in the error term and will increase
the speed of the overall control system response. Most practical control systems use
very small derivative time (Td), because the Derivative Response is highly sensitive
to noise in the process variable signal. If the sensor feedback signal is noisy or if the
control loop rate is too slow, the derivative response can make the control system
unstable
Schematic diagram
The portable device to analyze the comfort performance of car seat is always a
dream for the car seat producer. The complication of design and the testing method
makes it hard to have a portable device which can measure the comfort
performance of the car seat even in uncontrolled condition. Some factors like the
moisture permeability under different condition, heat of absorption of material
negatively affect the measurement. In this research a first prototype design of device
is made and later in future more advancement can be made to the technology.
For this experiment a special heat flux sensor is embedded in a measuring head
which is insulated from outside. The heat transfer can be increasing or decreasing
and can be in the form of convective, radiative or conductive heat transfer. Heat flux
through a thermal resistance layer will create a temperature gradient. Under a
temperature gradient, the two thermopile junction layers will be at different
temperatures and will therefore register a voltage. The heat flux is proportional to
this differential voltage.
The distill water is added from the tubes above the measuring head and heated to
35oC. Special microporous membrane (Cellophane) is used on the measuring head
to restrict the water drops and allow only the water vapors to pass by. The device is
connected to computer by USB port and values of heat flux temperature of the water
and temperature of the surface is provided by the software. Heat flux sensors
measure the heat transfer through a surface, and are expressed in kw/m 2. The
schematic diagram of the device is shown in figure 3-5.
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Fig. 3. Schematic diagram of the new device

Fig. 4. Measuring head of the new device

Fig. 5. Part description of the new device

Results and discussion
The experiment was performed for 30 min to avoid the initial heat flux change due to
the first touch with the sample. Following results are obtained.
Table 2 Comparison of New device and classical machine
Sample
Seat A
202

Ret[m2.Pa/w]( stnd.dev)
by standard SKIN model
20 (+ 1.67 )

New device [watt/m 2]
(stnd.dev)
149(+ 5.46 )
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Seat B
39(+ 2.34)
240(+ 7.94 )
Seat C
45(+ 3.72 )
263(+ 8.21 )
Seat D
29(+ 1.55 )
164(+ 3.76 )
The above table 1gives us a good idea that the trend of measurement by ATLAS
SGHP (Ret) value and the measurement by the new device are comparable and
knowing more information about the temperature and humidity on other side of the
sample the Ret value can be also calculated.
The device was also tested for classical and perforated PU cushion as backing . 1=
classic PU foam, 2= Retroculated foam, 3=3D spacer fabric
The sandwich material is placed above classical PU cushion foam and perforated
PU-foam, following results are achieved as shown in figure 6.
The results are repeatable and the 3D spacer with the perforated cushion shows
highest heat flux.

Fig. 6. Effect of perforated and classical PU foam on heat flux

The device is initial prototype and with further improvement can be a very reliable
device to measure the performance of the car seat comfort from a real car seat,
without any need to remove the material test separately in testing equipment. The
idea is very unique and results are repeatable and the device can be further
modified in future.
Conclusion
The newly fabricated device is portable and can be used to obtain the thermal and
comfort related properties of the car seat. The device can be used on real car seat
and the results are comparable, repeatable and reproducible. The device needs
further testing to compare results under different ambient conditions. The device is
initial prototype and with further improvement can be a very reliable device to
measure the performance of the car seat comfort from a real car seat, without any
need to remove the material test separately in testing equipment. The idea is very
unique and results are repeatable and the device can be further modified in future.
Conclusion

This research is financially covered by SGS 2018( Adnan Mazari) Czech Republic.
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ABSTRACT
The car seat’s cover material are tested for moisture and air permeability and compared with the
properties of individual layer of the car seat cover material. This analysis gives us a real idea of which
factors negatively affects the breathability of the car seat. The focus of this part of research was to identify
the issues within the car seat material and not factors like external cooling or clothing of driver. It was
observed that the PU-foam and lamination significantly reduces the permeability of the car seats.
Whereas the 3d spacer fabric shows the best top layer properties as compared to classical woven, knitted
or leather car seat covers
Key Words: car seat, comfort, thermal comfort, car seat materials

Introduction

Comfort is the basic and universal necessity of human being. Though, it is
very complicated and challenging to define. Slater [1] defined comfort as pleasant
state of psychological, physiological, neurophysiological and physical harmony
between environment and human being.
Researchers have identified the major determinants of thermal comfort
response:
 Air temperature
 Humidity
 Mean radiant temperature
 Air movement
 Clothing
 Activity level
 Demographic character of the subject (age, sex, health, etc.).
 Rate of change of any of the above[2]
Car seat is perhaps, the most important part of the interior, it is the first
element that the customer appreciates when he/she opens the door to look inside
and it is the main interface between person and machine.
Therefore, the comfort is the first criterion that values the customer,
specifically psychological comfort - makes reference to the aesthetic aspects - and
physiological comfort captured by the view and touch. During the sitting the thermal
comfort is evaluated by the “cold-hot” sensation.[3]
Car Seat
Generally, car seats are composed of the following elements:
1. Metal structure.
2. Filling, cushion padding.
3. Seat cover:
 Exterior fabric,
 Foam (interlining],
 Support material (reinforcement material) [3,4].
A particularly important aspect of vehicle comfort is the seats. Seats do not
only have to have an attractive design or meet specific design criteria for safety
205

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018,
İstanbul, Turkey

reasons, they must also have optimum comfort properties. But seat comfort is much
more than just passenger convenience. Scientific findings show that the
performance of a driver over long distances significantly decreases if the car seats
do not support posture and heat balance as required. This leads to exhaustion and
loss of concentration, which, in extreme cases, could result in serious accidents [5,6]
In addition to ergonomic considerations of comfort, the climatic or
thermophysiological comfort of the seat is of particular importance. This indicates
whether the seat is able to support the thermoregulation of the body via heat and
moisture transport.[7]
Methodology

There are many kinds and design available for the car seat cover, it is necessary to
analyse the real performance of these material by experiment. New material like 3D
spacer fabric, basic and reticulated foams and nonwoven linings needs further
experimental analysis related to their performance and durability.
Therefore, it’s necessary to examine the role of different material for the comfort of
car seat.
The experimental part of the research included different combination of car seats
cover and the lining material including poly-urethane foam. The car seat is made of
multiple layers as shown in figure 1.

Fig. 1: Layers of car seat

Where
X is top fabric layer which touches the person/driver
Y is second layer which is mostly made of thin poly-urethane foam
Z is thin porous polyester mesh
P is thick 10cm PU-foam which is the cushion part of the car seat.
Following instruments are used to perform this research,
1- Air permeability tester (FX-3300) and SDLMO21S by using standard
ISO9237 for air permeability testing
2- Alambeta and Permatester for thermal resistance and moisture resistance of
material
3- Atlas sweating guarded hot plate for water vapour resistance measurement
of thick samples like PU foam(ISO 11092)
4- Upright Cup method to analyse the loss of water vapour loss from thick
layers of car seat. (ASTM E 96-66)
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Results and discussion

Different material shown in figure 1 (X, Y,Z and P) of car seat are tested for the air
permeability and results are shown in table 1.
Material
Different top layers-X
PU-thin foam or fleece-Y
Knit mesh-Z
PU-foam -P

Air permeability (Min – Max) [L/m2/s]
2000-5000
700-920
9000-9400
15-25

Table 1 clearly shows the PU foam dramatically decreases the air permeability, even
though the top layers are highly breathable, the complete sandwich structure will not
allow the flow of air.
To see the effect of lamination the car seat cover material, different car seat cover
materials (X,Y,Z) were tested for air permeability. The widely used lamination
method for the PU foam is the flame lamination. All the material are tested with
(flame lamination) and without lamination and results are shown in figure

Fig. 2: Air permeability of car seat covers

The results clearly show that the lamination (to stick each layer together)
significantly affect the air permeability of the car seat cover. As the lamination closes
the pores of the woven or knitted textile layer and blocks the flow of air. The
lamination is mostly a polymeric material which melts to stick the two layers and
eventually closes the pores of the textile layer.
As shown in the table 1 we can see that PU foam has poor permeability in compare
to the other layers of the car seat. It is better to know what is the effect of the
thickness and what is the optimum thickness for these materials. And also to know
about other alternative materials different materilas(Y) with different thicknesses are
tested for permeability. The car seat cover fabric (X) is the same for all samples
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different interlinings(Y) are used for each samples results and the samples are
shown
Samples
Car seat top layer A and Interlining
A
1*1 plain PES woven fabric
1
3.6 mm foam
2
5.6 mm foam
3
6.7 mm foam
4
8.5 mm foam
5
3D spacer 3.6
6
3D spacer 4.8 mm
7
3D spacer 6.5 mm
8
Non-woven felt 4.5 mm
9
Non-woven felt 8.5 mm
The thermal resistance, water vapor resistance and air permeability of the car seat
covers;

Fig. 2: Thermal resistance of car seat top layer
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Fig. 3: water vapour resistance of different lining material

Fig. 4: Air permeability of different car seat layers

It is easily seen that 3D spacer fabric shows minimum thermal resistance, water
vapour resistance and the highest air permeability in compare to the PU foam and
the nonwoven felts; and it is also visible that thickness is important factor for the
thermal properties. Both these factors plays a significant role for the comfort of the
car seat
Conclusion

In this research 3D spacer fabric are compared with commonly used PU foams the
non-woven materials, results shows that 3D spacer fabric shows a great
improvement for the car seat thermal comfort. Use of 3D spacer fabric can reduce
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the number of layers of car seat cover, as more number of layer negatively affect the
thermal comfort of the car seat. High variety of thickness of the 3D spacer fabrics
gives opportunity to be used as car seat cover as well as cushion part of the car
seat.
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Abstract
This study aims to develop an enhancing mechanism by embedding of non-Newtonian fluids (shear thickening fluids) on the
host of glass and carbon composite preforms for improved mechanical properties. Different silica particle ratios (10-20%) were
dispersed in to polyethylene glycol (PEG) to create a shear thickening fluid (STF) after optimizing the processing parameters.
Fabrics were immersed in to STF after diluting it with ethanol through various periods to calculate their fluid absorption. It was
revealed that carbon and glass fabrics absorbed different amount of fluids due to their inherent fabric characteristics. Tensile
test results indicated that STF contents and fabric types slightly affected strength and modulus of the structures. It was
observed that dynamic and static frictions of fabrics highly increased by the addition of STF.
Keywords: High performance fabrics, textile composites, tensile strength, fabric friction, shear thickening fluids

I. Introduction
Fibre-reinforced polymer laminate composites are widely used in aerospace, automobile, military, and energy
applications due to their high strength and stiffness to weight ratios. However, their low impact tolerance, easy
delamination, and poor damage tolerance behaviours are the main disadvantages (Shi,2012). There is an
increasing trend to use shear thickening fluid (STF) to enhance ballistic and impact properties of high performance
fabrics (Wetzel, 2012 and Srivastava, 2012 ). STF solutions are Non-Newtonian fluids as their viscosity increases
with increasing shear rate above reaching a critical shear rate, and STF can act as a solid during impact loading
(Ding, 2013) as in Fig.1. Majumdar et al. (Majumdar, 2016) observed increase in impact energy absorption by
around 215% for STF-Kevlar fabrics compared to untreated Kevlar fabrics. However, there is a lack of interest to
analyse the behaviour of these Non-Newtonian fluids when they are used in composite laminates. Therefore, this
work aims to develop an enhancing mechanism by embedding shear thickening fluids on the host of glass and
carbon fabrics for improved composite properties.

Silica nanoparticles

Silica nanoparticles
clusters

Fig.1. Formation of hydroclusters under increasing shear rate (Ding, Tracey et al. 2013)

II. Experimental Set-up and Procedure
Shear thickening fluids (STF) were prepared by dispersing of silica nanoparticles and PEG with 10%, 15%, and
20% wt Aerosel 200 silica nanoparticles with 12 nm particle size. PEG and silica nanoparticles were mixed at 2000
rpm to obtain homogenazion and the shear thickening effect. STF was diluted with ethanol to decrease the
viscosity of the solution in order to apply on glass and carbon fabrics. Glass and carbon fabrics were impregnated
with the final solution at different treatment times (0 to 5 min) due to observe the absorption of STF by glass and
carbon fabrics. After the immersion, ethanol was removed by drying the fabrics at 80 ºC for 2 hours to obtain the
fabrics that only contain STF solution. Fig. 2 illustrates manufacturing of STF treated fabrics.
1
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PEG

Silica nanoparticles

(a)

(b)

(c)

(d)

Fig. 2. Manufacturing of glass and carbon fabrics containing STF: a) silica particles and PEG, b) mixing of silica and PEG, c)
immersion of fabrics, d) drying of fabrics

III. Analysis
Fabric tensile tests were performed according to BS EN ISO 13934-1 standard at 100 mm/min constant
displacement. Dynamic (μD) and static (μS) coefficient of frictions were calculated using ASTM D1894-01 standard
at a constant displacement of a polished metal sled (200 gr) at 150 mm/min. Surface images were taken using an
optical microscopy to observe the distribution of STF over the fabrics.
IV. Results and discussions
Figure 3 shows STF absorption of carbon and glass fabrics at different silica contents. It can be seen that STF
absorption increases with increasing silica content for both fabrics. However, carbon fabrics absorbed more STF
than glass fabric at all processing times. On the other hand, there is not a real correlation between soaking time
and STF absorption. Therefore, fabrics were soaked at only for 1 minute for the STF treatments.
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Fig.3. STF absorption for a) carbon fabrics and b) glass fabrics at different silica content
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Figure 4 presents dynamic and static friction behavior of carbon and glass fabrics at different silica loadings. It can
be seen that both friction coefficient values increases with increasing silica content. Dynamic frictions values are
slightly lower than static friction values. Carbon fabrics showed higher coefficient than that of glass fabrics due to
the higher amount of STF absorption as shown in Fig.3.
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carbon fabric
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Fig.4. Dynamic and static friction coefficient of glass and carbon fabrics at different silica contents

Table 1 presents tensile test results of glass and carbon fabrics containing STF. It can be seen that breaking forces
of carbon fabrics did not significantly change after addition of STF. Table also presents that silica content has also
very slight effect on breaking forces of the carbon fabrics. However, breaking forces of glass fabrics significantly
decreased after the STF treatments. This might be due to soaking in ethanol or PEG may damage the glass yarns.
Table 1. Breaking forces of glass fabrics after STF treatments
Sample
CF
CF10
CF15
CF20
GF
GF10
GF15
GF20

Breaking Force (N)
779 (±107)
721 (±71)
727 (±73)
783 (±107)
1220 (±204)
947 (±76)
785 (±181)
783 (±101)

V. Conclusions
Dynamic and static friction of carbon and glass fabrics increased with increasing silica ratio. Tensile properties of
carbon fabrics did not change significiantly whilst breaking forces of glass fabrics decreased with increasing silica
content. These fabric tensile and friction tests results will serve as a base for the future studies, which are the
tensile, flexural and impact damage tolerance properties of glass/epoxy and carbon/epoxy composites containing
STF fluids.

Acknowledgements
This research was supported by TUBITAK under the project number of 216M281.

3

213

8th International İstanbul Textile Conference - Evolution Technical Textile(ETT2018), April 14-16, 2018, İstanbul, Turkey

References
Ding, J., P. J. Tracey, et al. Review on shear thickening fluids and applications, Textiles and Light Industrial Science and
Technology 2(4), 161-173, (2013),
Majumdar, A., B. S. Butola, et al, Improving the impact resistance of p-aramid fabrics by sequential impregnation with shear
thickening fluid, Fibers and Polymers 17(2): 199-204, (2016).
Shi, Y., T. Swait, et al., Modelling damage evolution in composite laminates subjected to low velocity impact,
Structures, 94(9), 2902-2913, (2012).

Composite

Srivastava, A., A. Majumdar, et al., Improving the Impact Resistance of Textile Structures by using Shear Thickening Fluids: A
Review, Critical Reviews in Solid State and Materials Sciences, 37(2), 115-129, (2012).
Wetzel, E. D., Y. Lee, et al., The Effect of Rheological Parameters on the Ballistic Properties of Shear Thickening Fluid
(STF)-Kevlar Composites, AIP Conference Proceedings, AIP, 712 (1), (2004).

214

4

ETT0099

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Microencapsulation of The Thermochromic System Prepared with Phenolphthalein
Color Developer
1*Müyesser

2

Selda Tözüm, 2Sennur Alay Aksoy, 3Cemil Alkan

1
Uşak University, Faculty of Engineering, Textile Engineering Department, Uşak, 64200, Turkey
Süleyman Demirel University, Faculty of Engineering, Textile Engineering Department, Isparta, 32260, Turkey
3
Gaziosmanpaşa University, Faculty of Arts and Sciences, Department of Chemistry, Tokat, 60240, Turkey

* E-mail:selda.tozum@usak.edu.tr

Abstract:
Thermochromic pigments or systems are materials which change their colour reversibly, as a function of the temperature. A
thermochromic system (TS) consists of a colour former, a developer and a solvent, in a specific combination. This study focused
on microencapsulation of a leuco dye based ternary TS. According to the literature, color developer of the ternary TS is generally
Bisphenol A. In this study, phenolphthalein was used as colour developer component of TS to avoid the toxic effects of Bisphenol
A. Crystal violet lactone (CVL) leuco dye and 1-tetradecanol (TD) solvent were used as other components of TS. In the study,
the prepared TS was microencapsulated in poly(methylmethacrylate-co-glycidylmethacrylate) (PMMA-co-GMA) shell using
emulsion polymerization method. The shell/core ratios of the microcapsules were selected as 0.5:1. Fourier transform infrared
spectroscopy (FTIR) results proved shell formation and the presence of TS in the microcapsule. Scanning electron microscopy
images and particle size distribution analysis exhibited that microcapsules had spherical shapes and uniform sizes. Differential
scanning calorimetry results proved that microcapsules had high enthalpy values and could be used as thermal energy storage
materials for textile applications.The digital camera photographs and UV-Vis absorbance results revealed that microcapsules
and TS changed color depending on temperature variation.
Keywords:

Thermochromism, leuco dye, phenolphthalein, microencapsulation, color change

I. Introduction
Thermochromic materials which exhibite reversible color change with temperature variation are used in many areas
such as temperature sensors (Oh et al., 2016; Chung et al., 2004), security (Chowdhury et al., 2014; Kulcar et al.,
2010; Jiang and Hu, 2017) and food packaging (Christie and Bryant, 2005; Chowdhury et al., 2014). The literature
survey on thermochromic materials shows that commercial microencapsulated thermochromic materials are used
and studies are mostly made in areas outside of textiles. In textile application of thermochromic materials, it is
encountered problems such as water insolubility and affinity deficiency to fibers and fluidity of solvent during phase
change. For these reasons, thermochromic materials require microencapsulation prior to application. Therefore, in
this study, it was focused on microencapsulation of the thermochromic materials.
There are two types of thermochromic materials used in the field of textile (İbrahim, 2012). The first one is liquid
crystal that change color directly with heat. The second one is leuco dye based multi-component thermochromic
system which show chromic behavior due to differences in the physical environment that occurs when the
temperature increases or decreases. The multi-component thermochromic system composes of color former (leuco
dye), color developer and solvent. In the system, leuco dye and color developer dissolve in the hydrophobic and
non-volatile solvent. The system is colored below the melting temperature of the solvent because of the
interaction between color former and color developer. On the contrary, when the system is heated to temperatures
above melting temperature of the solvent, interaction between color former and color developer decreases and, it
loses color (Malherbe et al., 2010; Chowdhury et al., 2014). The melting temperature of the solvent determines color
change temperature of the system and this temperature is referred as “activation”, “switching” or “discoloration”
temperature in literature (Kulcar et al., 2012).
In this study, the production of thermochromic microcapsules to be used for textile applications was carried out by
emulsion polymerization method. The thermochromic systems were microencapsulated because of their water
insolubility and inadequate affinity to the textiles, and fluidity of the melt solvent. P(MMA-co-GMA) was used as shell
material. Core material was a three component system consisting of crystal violet lactone dye, phenolphatelein color
developer and 1-tetradecanol solvent. The chemical structure, morphology, particle size distribution and thermal
properties of the thermochromic system and microcapsules were characterized by FT-IR, Scanning electron
microscopy (SEM), particle sizer and differential scanning calorimetry (DSC) instruments, respectively. Color
change behaviour of the TS and microcapsules depending on temperature were examined using UV-Vis
spectrophotometer and digital camera.
1
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II. Experimental Set-up and Procedure
Material
CVL (Sigma-Aldrich) as lactone dye, phenolphatelein (PP) (Sigma-Aldrich) as color developer and 1-tetradecanol
(>97 %; Sigma-Aldrich) as co-solvent were used. Methyl methacrylate (MMA, Sigma-Aldrich) and glycidyl
methacrylate (GMA, Sigma-Aldrich) monomers, and ethylene glycol dimethacrylate (EGDM, Merck) cross-linker
were employed to synthesize microcapsule shell. Polyethyleneglycol 1000 (PEG1000) was supplied from Alfa Aesar
and used as surfactant. Ferrous sulphate heptahydrate (FeSO4·7H2O) (Sigma-Aldrich), ammonium persulphate
((NH4)2S2O8) (Merck), tert butylhydroperoxide (Merck) and sodium thiosulphate (Na 2S2O7) (Merck) were used as
initiator.
The preparation of the thermochromic system used as core material
The ratio of the components forming the thermochromic system was 1:4:70 for CVL, PP and 1-tetradecanol,
respectively. The lactone dye, color developer and co-solvent were mixed at 70 °C until a homogenous mixture was
obtained. Then, the prepared system was cooled to room temperature (25 °C) and color change of system was
monitored.
The microencapsulation of thermochromic system
Microencapsulation of thermochromic system in P(MMA-co-GMA) shell was carried out using emulsion
polymerization method. Shell/core ratio of the microcapsules was selected as 0.5:1. In the method, 33.33 g of
thermochromic system was emulsified in 160 ml of distilled water at temperature of 50 °C, using 2 g of PEG1000.
A 16.66 g of methyl methacrylate monomer, 1.66 g of glycidyl methacrylate (10 % of the amount of MMA), 2.5 g of
cross-linker, 1 ml of freshly prepared FeSO4.7H2O solution (prepared by dissolving 0.3 g of FeSO4.7H2O with 200
mL distilled water) and 0.25 g of ammonium persulphate were added to this emulsion at 2000 rpm stirring speed for
30 minutes. Then, 0.25 g of sodium thiosulfate (Na2S2O7) and 1.00 g of 70% tert-butyl hydroperoxide solution were
added as a second initiator, and temperature of the emulsion was increased to 80 °C. The stirring speed was
decreased to 1000 rpm and stirring was continued for three hours. At the end of the third hour, solution containing
microcapsule was washed with distilled water and filtered. Finally, the produced microcapsules were dried at room
temperature to evaporate the water (Alay Aksoy et al., 2017; Alay et al., 2011).
III. Analysis
The morphology of the synthesized microcapsules was examined by scanning electron microscope (SEM, LEO 440
Computer Controlled Digital) analysis. Their mean particle diameter and size distribution were determined by
particle sizer instrument (Malvern MS2000E). The phase transition temperatures and heat storage/releasing
capacities of the microcapsules were determined using differential scanning calorimetry (DSC, Perkin-Elmer Jade).
The DSC measurements were performed at under a constant stream of nitrogen with flow rate of 60 ml/min, at
heating rate of 1 °C/min between the 0 °C and 60 °C. The synthesis of the P(MMA-co-GMA)/TS microcapsules was
proved using FT-IR analysis (Jasco 430 model FT-IR spectrophotometer). The spectroscopic analysis was
performed on KBr disks, between 4000 and 400 cm -1. The number of scans and resolution was adjusted as 16 and
4 cm-1 during FT-IR analysis, respectively. The photographs of the microcapsules were taken by digital camera at
room temperature and above the activation/melting temperature of the solvent which was a compound of the core
material. The UV-Vis absorption spectra of thermochromic system and microcapsules at room temperature and
above the activation temperature were obtained in the wavelength between 400 to 800 nm using Shimadzu UV3800 UV-VIS-NIR spectrophotometer (190-3300 nm).
IV. Results and discussions
SEM Analysis
SEM images of the microcapsules with P(MMA-co-GMA) shell, containing thermochromic system, given in Fig. 1
showed that microcapsules had almost uniform sizes, and smooth surface with spherical shape.
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Fig. 1: SEM images of microcapsules

FT-IR spectroscopic analysis
To prove the microencapsulation of the thermochromic system FT-IR analysis was performed. IR spectra of
methylmethacrylate, glycidyl methacrylate, thermochromic system, and microcapsules were presented in Fig. 2.
The characteristic C-H stretching peaks of the solvent which appeared at 2958 cm -1, 2920-2850 cm-1 and 1468 cm1 in spectrum of the thermochromic system, appeared at the same wavelengths in spectrum of the microcapsule.The
broad band that placed between 3200 cm -1 and 3600 cm -1 in the spectra of microcapsules belonged to the
overlapped O-H stretching bands of tetradecanol and phenolphatelein in thermochromic system.The peak at 1368
cm-1 which belonged to symmetrical stretching peaks in the carboxylate group of TS arisen at 1360 cm -1 in spectum
of microcapsule and this peak proved opening of the ring in the dye structure. The C-O stretching peak at 1062 cm 1 and the peak at 724 cm -1, in spectrum of microcapsule were belong to tetradecanol solvent (Panak et al., 2017).
The emerged peak at 1732 cm-1 in spectrum of microcapsule was belonging to carbonyl peak of glycidyl
methacrylate monomer. The peaks appearing at 1637 cm -1 and 1633 cm-1 in the spectrum of MMA and GMA
monomers were belonged to carbon-carbon double bond (C=C) of the methyl methacrylate monomer and
glycidylmethacrylate monomer, respectively. These peaks disappeared in the spectrum of the microcapsule. This
finding proved synthesis of the shell polymer of the microcapsule (Alay Aksoy et al., 2017; Alkan et al. 2015; Alay
et al., 2011).

Fig. 2: FT-IR spectra for MMA (a), GMA (b), TS (c), P(MMA-co-GMA)/TS microcapsules (d)

UV-Vis Spectrophotometer Analysis
To observe the change in absorbance values of thermochromic systems and microcapsules depending on
temperature, UV-Vis spectroscopic analysis was carried out between 400 and 800 nm in the visible region. In Fig.
3, the UV-Vis sprectra of thermochromic system and microcapsule measured at room temperature and above the
activation temperature was presented. According to the UV-Vis spectra of the thermochromic system,
thermochromic system exhibited high absorbance at room temperature in the wavelength range of 500-650 nm. It
meant that thermochromic system was solid and blue color at room temperature. Besides, the liquid thermochromic
system at above the activation temperature had almost zero absorption values in visible region. It meant that
thermochromic system was transparent at above the activation temperature. At room temperature, the lactone dye
and phenolphatelein developer are in strong interaction and the system is colored. When thermochromic system is
3
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heated to above activation temperature, solvent melts and the interaction between the lactone dye and developer
decreases. At above the activation temperature, thermochromic system transforms from blue color to transparent.
Similarly, it was seen that microcapsules had quitely high absorbance in the wavelength range of 500-650 nm at
room temperature, which indicated the color of microcapsules were at blue color. The absorbance band of measured
at above the activation temperature was quite low in 500-650 nm. This result showed that the color of the
microcapsules heated to activation temperatures faded. According to UV-Vis analysis results, it was possible to say
that thermochromic system and microcapsules showed thermochromic property depending on temperature
variation.

Fig. 3. UV-Vis spectra of a) thermochromic system and b) microcapsules, at room temperature and above the activation
temperature

Color Photo Analysis
Fig. 4 showed the photographs of thermochromic system and microcapsules. The photographs were taken at room
temperature and above activation temperature of thermochromic system by digital camera. The system was in solid
state and dark blue color at room temperature. When the temperature of TS increased to above the activation
temperature, system began to melt and lose its color. At about 50 °C, the TS was completely colorless and in liquid
state. Similarly, the microcapsules exhibited also color change depending on change in temperature. The
microcapsules which were blue color at room temperature transformed into light blue at above the activation
temperature. Unlike the thermochromic system, microcapsules didn’t lose their color completely because of the
presence of the polymeric shell surrounding the thermochromic system. However, according to photographs, it could
be said that thermochromic system and microcapsules showed considerable color change depending on
temperature alteration.

Fig. 4. The photographs of a) thermochromic system and b) microcapsules at room temperature (on left) and above the activation
temperature (on right)

DSC Analysis
Thermal properties of the thermochromic system and microcapsules were determined by DSC analysis. In
evaluation, the values obtained from second heating-cooling cycle was used. The DSC thermogram of
microcapsules was given Fig. 5. The phase transition temperatures and enthalpies of the TS and microcapsules
obtained from DSC analysis were summarized in Tab. 1. As seen from Table 1, TS stored 216.8 J/g latent heat at
34 °C. The liquid-solid and solid-solid crystallization latent heats of TS were -101.2 J/g at 34 °C and -88.17 J/g at
29 °C, respectively. The melting temperature and enthalpy of the microcapsules were 36.88 °C and 186.58 J/g,
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repectively. The enthalpies for liquid-solid and solid-solid transitions of microcapsules were recorded as -101.09 J/g
at 36.35 °C and -78.94 J/g at 31.79 °C, respectively. According to the DSC results, the produced microcapsules had
quitely high thermal energy storage capacity compared to products given in literature and could be applied to textile
and non-textile materials as energy storage material.

Fig.5. DSC thermogram of microcapsules

Microcapsules

Thermochromic
System
P(MMA-coGMA)/TS-1

Tab. 1. Thermal properties of the materials measured by DSC analysis
Solid-Solid
Enthalpy
and SolidLiquid-Solid
Solid-Solid
Melting
for liquidLiquid
Transition
Transition
Enthalpy
solid
Transition
Temperature
Temperature
(J/g)
transition
Temperature
(°C)
(°C)
(J/g)
(°C)

Enthalpy
for solidsolid
transition
(J/g)

216.80

34

34

-101.2

29

-88.17

186.58

36.88

36.35

-101.09

31.79

-78.94

Particle Size and Size Distribution Analysis of Microcapsules
The particle size distribution histogram of the P(MMA-co-GMA)/TS microcapsules was presented in Fig. 6.
Microcapsules had unimodal particle size distributions. Their mean particle size was 11.214 µm and distrubition
range varied between 2.577-27.981 μm. The particle size distribution results demonstrated that the uniform sizes
and homogenous distributions of the produced microcapsules were suitable for textile applications (Alay Aksoy et
al., 2017). Furthermore, it was determined that sizes of microcapsules measured with particle size analyser were
greater than the sizes of the microcapsules seen on the SEM images because of aggregation of the nano-sized
capsules in the water during particle size measurement (Alkan et al., 2015).

Fig. 6: Particle size distribution histogram of the microcapsules
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V. Conclusions
In this study, a thermochromic system was formed consisting of crystal violet lactone as leuco dye, phenolphatelein
as color developer and 1-tetradecanol as solvent. This system was microencapsulated in P(MMA-co-GMA) shell by
emulsion polymerization method. The aim of the study was the production of thermochromic systems which have
eliminated the problems that could be caused by the toxic effects of Bisphenol A. The prepared microcapsules had
almost spherical particles and uniform particle size distribution. The melting and crystallization temperatures of
microcapsules were suitable for textile applications and their enthalpies were high considerably. Thermochromic
system and microcapsules changed color with an increase in temperature. At above the activation temperature of
thermochromic system, while thermochromic system changed from dark blue to colorless, microcapsules changed
from blue to light blue.
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Abstract:
In this study, some thermoresponsive polymers will be synthesized using modified N-vinylcaprolactam, and
characterised for validation as smart textiles. Thermoresponsive polymers here was produced using a novel
monomer produced by tailoring N-vinylcaprolactam by methanol (in 1/1 molar ratio in toluene) treatment.
Hydrolysis process provided chemical modification of the caprolactam monomer by means of opening the ring
structure. Polymerization of the modified N-vinylcaprolactam momomers was carried out by free radical
polymerization method. In this process, 2,2'-Azobis (2-methylpropionitrile) and toluene were used as initiator and
solvent, respectively. The chemical structure of the modified monomer and synthesized polymer were examined by
Nuclear Magnetic Resonance spectroscopy (NMR) and Fourier Transform Infrared (FTIR) spectroscopy. As a
result, the modification and the polymerization reactions were proven. For the performance analysis of
thermoresponsivity behavior, turbidity test was performed. The temperature at which turbidity begins was pointed
out as lowest critical solution temperature (LCST) of the polymer solution. The LCST value of the synthesized
polymer was detected as 36-37°C. At this temperature, hydrophobic groups in the polymer structure causes the
polymer collapse in water, and polymer solution transformed from transparent to turbid.
Keywords: Smart polymer, thermoresponsive polymer, N-vinylcaprolactam, free radical polymerization

I. Introduction
There is a great interest in stimuli-responsive polymers as smart materials in advanced textile applications. These
polymers show reversible changes as a response to the environmental stimulus such as temperature, pH, ionic
concentration, light etc. (Zhang et al., 2017; Jian and Xu, 2014). Thermoresponsive polymers have had a
considerable impact among the stimuli-responsive polymers. They have generally both of hydrophilic and
hydrophobic groups in their molecular structure at a time (amphiphilic character) and these groups show reversible
exchanges at the lowest critical solution temperature (LCST) during cooling/heating. The thermoresponsive
polymers become water soluble at the temperatures below the LCST because of the dominant hydrophilic groups.
At the temperature above the LCST, the polymers collapse due to interaction among their hydrophobic groups
(Swamy et al., 2013; Jassal et al.,2006). Poly (N-isopropyl acrylamide), poly (N-diethylacrylamide), poly (N-methyl
vinyl ether), poly (N-vinylcaprolactam) and poly (N-vinyl isobutylamide) etc. are examples of thermoresponsive
polymers. In this study, a thermoresponsive polymer based on methyl (6-vinylamino)hexanoate monomer was
synthesized and characterised.
II. Experimental Set-up and Procedure
Materials
N-Vinylcaprolactam (Sigma-Aldrich) was used as the precursor of thermoresponsivity inducing novel monomer:
methyl (6-vinylamino)hexanoate as methanol was used as hydrolyzing agent to N-vinylcaprolactam. Polymer
synthesis was carried out in distilled toluene using 2,2'-Azobis (2-methylpropionitrile) (AIBN) (Sigma-Aldrich) as a
radicalic initiator.
Synthesis of Thermoresponsive Polymers Based on N-vinylcaprolactam
Thermoresponsive poly(methyl (6-vinylamino)hexanoate polymer was synthesized using free radical
polymerization method. Before the synthesis, the monomer of N-vinylcaprolactam was hydrolyzed with methanol.
At this stage, 1 g of N-vinyl caprolactam monomer was dissolved in toluene and then methanol (0.22 g) was added
to this solution. This solution was stirred at room temperature for 5 hours and then heated to 50 °C and stirred for
another 15 minutes. Thus the ring structure of the monomer was opened by hydrolysis process. The obtained new
monomer was called as methyl (6-vinylamino)hexanoate. In the second step, AIBN (0,011 g) that was used as
1
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initiator dissolved in toluene and added dropwise to the hydrolyzed monomer solution. The solution poured into the
test tubes was degassed with nitrogen for 2 minutes. Polymer synthesis was carried out in oil bath for 8 hours. After
the polymer reaction was ended, toluene was removed from the powder. The poly(methyl
(6-vinylamino)hexanoate) polymer was obtained.
Analysis
The functional groups of poly(methyl (6-vinylamino)hexanoate) polymer were evidenced using a Fourier
Transform Infrared (FTIR) spectrometer and this helped structural characterisation. FTIR spectral measurements
of the polymer were done on a KBr disk using Perkin Elmer Spectrum BX instrument within range of 4000- 400
cm-1. For a better idea, Proton Nuclear Magnetic Resonance (1H NMR) spectroscopy was also exploited. 1H NMR
spectra of methyl (6-vinylamino)hexanoate and poly(methyl (6-vinylamino)hexanoate) were obtained a BRUKER
400 MHz model spectrophotometer using deuterated DMSO as solvent.
The thermoresponsive behavior of poly(methyl (6-vinylamino)hexanoate) polymer was investigated by turbidity
test. In the test, 1% polymer solutions in distilled water were heated and the turbitiy of the solution was observed as
the temperature increased. Test was carried out at a range of 20°C to 45 °C with an increase of 5 °C. Image was
taken at each temperature to observe the colour change. The temperature at which turbitiy began was accepted as
the transition temperature called as LCST. Additionally, in the test, the temperature of the solution was gradually
increased at a rate of 1 °C per five minutes at the range of 20°C-40°C and its progress was photographed at any
temperature. From the images, the temperature at which turbidity began was proven specifically.
IV. Results and discussions
FT-IR and 1H NMR analysis were performed to examine whether the polymer was successfully synthesized or not.
IR spectra of the monomers; N-vinylcaprolactam and methyl (6-vinylamino)hexanoate and the polymer;
poly(methyl (6-vinylamino)hexanoate), were given in Figure 1. The IR spectra of the N-vinylcaprolactam and
methyl (6-vinylamino)hexanoate were shown in Figure 1a and 1b, respectively. The peaks at 3028 cm -1 in both
spectra were aromatic due to C-H stretchings in the monomers. However, the intensity of this peak emerging at the
3028 cm-1 in Figrure 1b decreased due to interaction of VLC monomer with methanol. The decreasing peak
intensity showed that the ring structure of the monomer was opened by hydrolysis reaction with methanol.
Moreover, the peaks at 1670 cm -1 and 1624 cm-1 in Figure 1b were the characteristic carbonyl peak (C=O) and
carbon-carbon double bond (C=C), respectively. As seen in IR spectrum of the poly(methyl
(6-vinylamino)hexanoate) given in Figure 1c, the peak of the carbon-carbon double bond was disappeared. Carbon
carbon double band (C=C) seem at 988 cm-1 in the spectrum of monomer was absent in the poly(methyl
(6-vinylamino)hexanoate) spectrum. These findings proved that poly (methyl 6-(ethylamino)hexanoate) was
successfully synthesized from (6-vinylamino)hexanoate). Additionally, the -C=O stretching vibration band and N-H
band were observed at 1666 cm -1 and 1628 cm-1, respectively. The aliphatic C-H stretching peaks of the methyl
(6-vinylamino)hexanoate at 2932 cm -1 and 2859 cm-1 in IR spectrum of monomer shifted to 2929 cm -1 and 2855
cm-1 in poly(6-vinylamino)hexanoate) polymer. A new broad peak was detected at 3446 cm-1 for the
poly(6-vinylamino)hexanoate) polymer because of O-H and N-H stretchings. The peaks at 1480, 1441, and 1422
cm-1 in the spectrum of the poly(6-vinylamino)hexanoate) polymer were related to the CH2 peaks.

222
2

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Fig. 1: FT-IR spectra of monomers and synthesized polymer (a: N-vinyl caprolactam, b: methyl
(6-vinylamino)hexanoate c: poly(methyl (6-vinylamino)hexanoate))
1H-NMR

analysis of methyl (6-vinylamino)hexanoate and poly(methyl (6-vinylamino)hexanoate) were carried out
for the characterization of poly(methyl (6-vinylamino)hexanoate). Molecular formulas and 1H NMR spectra of the
materials were given in Figure 2 and Figure 3, respectively. According to the 1H NMR spectrum of the monomer,
vinyl group illustrated with “b” and “c” in molecula formula arisen at 4.33 ppm and 4.54 ppm, respectively. The peak
of the CH2 groups illustrated with “a” in molecular formula of the monomer was found at 1.56 ppm in the spectrum.
Furthermore, the peaks at 1.67 ppm and 2.56 ppm correspond to CH2 groups close to N-H and C=O respectively.
O-CH3 group appeared at 3.8 ppm while the peak of NH group was determined at 7.1 ppm. As seen Figure 3, these
peaks in the monomer spectrum showed some changes in the polymers. The peaks of the vinyl groups did not
completely disappear, but the intensity decreased considerably. According to the interpretation, the polymer
synthesis was proven even if there were some residual monomers in the polymer sample.
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Fig. 2: Molecular formulas of the methyl (6-vinylamino)hexanoate (a) and poly(methyl (6-vinylamino)hexanoate)
(b)

Fig. 3: The 1H-NMR spectra of methyl (6-vinylamino)hexanoate (a) and poly(methyl (6-vinylamino)hexanoate) (b)
The turbidity test was performed to investigate thermoresponsivity behavior the poly(methyl
(6-vinylamino)hexanoate) polymer. Photographs of the polymer solution taken at different temperatures were
given in Figure 4. As seen from Figure 4, the polymer solution was transparent between 20°C and 35°C due to
dissolution of the hydrophilic polymer in water. The polymer solution began to cloudy between 35 ° C and 40 ° C
and be completely opaque at 40 ° C. It is because the hydrophobicity induction of the transformed groups. The
turbidity test proven the reversible phase changing and by the way thermoresponsive behaviour.
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Fig. 4: Thermoresponsive behaviour of poly(methyl (6-vinylamino)hexanoate)solution at different temperature

To investigate LCST value of the polymer solution, the solution was heated very slowly and photographed at small
temperature intervals. To the best of our knowledge, thermoresponsive polymers are soluable in the water at below
the LCST because of their dominant hydrophilic groups. In contrast, at the temperature above the LCST, they
become insoluble in water due to dominant hydrophobic groups at high temperatures. Hydrophobic interactions
between hydrophobic groups lead to phase separation and their aqueous solutions become cloudy (Xiao et al.,
2017). According to the photographs given in Figure 5, turbidity for polymer solution started at about 36-37 °C.
Namely, LCST value of synthesized thermoresponsive polymer aquaeous solution based on methyl
(6-vinylamino)hexanoate is approximately 36-37° which is quite similar to human body temperature. It is
beneficial for medical applications.

Fig.5: Determination of LCST value from turbidity test of poly(methyl (6-vinylamino)hexanoate)solution

V. Conclusions
In this study, a novel thermoresponsive polymer (poly(methyl (6-vinylamino)hexanoate)) was produced for the first
time as a thermoresponsive polymer monomer starting from N-vinylcaprolactam and characterized. Successfull
synthesis of the poly(methyl N-vinylamino)hexanoate) polymer was proven using FTIR and NMR techniques.
Performance characteristics of the thermoresponsive polymer like reversible turbidity changing property upon
temperature were tested. The LCST of the synthesized polymer was determined as 36-37°C which was almost the
same as human body temperature. As a conclusion, a new alternative to available thermoresponsive polymer
monomers was produced and declared that it would be suitable for textiles changing their behaviours at human
body temperature.
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Abstract

Swimsuit is a kind of clothing that is worn during swimming and designed specifically for this purpose. Swimsuits wrap the body
firmly or have bigger models. In selecting a swimsuit, the comfort which it provides during swimming as well as such concerns
as nakedness become decisive. Generally, fabrics that do not become transparent after getting wet are preferred. Swimsuit is
generally designed in a way that will fit different body structures of men, women and children.
On the other hand, performance swimsuit is a kind of swimsuit designed specifically for increasing the swimming performances
of professional sportsmen. This study deals with historical development of swimsuit and it examines the performance effect of
swimsuit in swimming sport.
Keywords: Swimsuit, Sport textiles, Technical textiles

I. Introduction
Swimming sport is a branch that requires physical strength and technical skill and includes various factors such as
rhythm, coordination and correct technique (Tuzen et. al., 2005). In addition, swimming is a sport that is carried out
in water and enables the bodly development in a perfect way (Gokhan et. al., 2011). In swimming, there are four
branches, namely crawl stroke, butterfly stroke, backstroke and breast stroke. Crawl, in other words free style
swimming, is the style where the swimmer swims the fastest (Yapici et. al., 2015).
Swimsuit is a kind of clothing that is used for swimming and other aquatic activities. Generally, swimsuits are
designed to fit different body sizes of men, women and children. The desing of swimsuits show significant
differences according to material, colors, body size, level of fit and other factors. Performance swimsuits are
special swimsuits that have been designed to increase swimming performance of professional sportsmen. In
50-meter cralw stroke, it was found out that one-piece swimsuits improved performance by 1.6% in controlled
attempts (Tiozzo, 2009).
Since the Sidney Olympic Games in 2000, the performance swimsuits have taken huge interest. Swimsuit
manufacturers such as Speedo and TYR surveyed and applied innovatory material and technology. In this way, a
revolution occurred in swimsuit design. As a result of this revolution, a series of world records were broken in the
first ten years of twenty-first century. On 1 January 2010, The Federation of International Swimming (FINA) banned
the usage of performance swimsuit that covers the body completely. As a reason of this, the critics claim that some
of the sportsmen benefit from the advantages of these swimsuits more than the others (Wu, 2011), (ASCA News,
2010).
This study examined the performance swimsuits, touching upon the historical development of swimsuits and
performance swimsuits within the scope of previous experiemental studies dealing with the contribution of
performance swimsuits to swimming.
II. History of Swimsuit
As a female and male clothing, swimsuit shows differences according to time, culture, social structure, religion and
laws. In classical antique age, the act of swimming was carried out in most of the cultures naked or with lingerie.
The first swimsuits trace back to ancient Greeks and the first periods of Pompei (Wu, 2011), (History of swimwear,
2017).
In the middle ages, swimming was not approved because of ethical reasons and this situation continued until the
18th century (History of swimwear, 2017). When swimming and public baths became popular in France and
England during the 18th century, a swimsuit was required in order to bring men and women together on the
beaches. However, the form of swimsuit of those times did not resemble a swimwear, but bath clothing. In addition,
such clothes were not confortable and functional as the current ones in terms of designing and material. Women
used to put some weight on their hems in order to prevent the body to be seen. For this reason, functionality and
conform was lower (Wu, 2011).
During 1900’s, the swimsuits were made of wool and very heavy (5 kg). In the production of these swimsuits, the
fabric up to 8.2 meters was used and the fabrics were quite in absorbent state (Davies, 1997) and (History of
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swimwear, 2017).
The young women of 1920’s adopted one-piece, sleeveless, wool-braided swimsuit that tightfits the body. In the
following 30 years, on the other hand, the popularity of feminine, cotton swimsuits with mini skirts increased. The
design of these swimsuits resembles the current ones. In 1950’s, bikini or two-piece swimsuit became the
revolutionary stone in the development of swimsuits. In addition, the traditional one-piece swimsuits turned into
performance (race) swimsuit.
Changes also occurred in the swimsuits of men. The swimsuits of men had skirt or flannel knee-pant. In 1930’s, the
models with belt and zip-down were introduced (Figure 1). After 1950’s, the swimsuits of men and women obtained
more liberal designs (Wu, 2011), (Cunningham, 2009).

Fig. 1: The swimsuit with belt (Cunningham, 2009).

III. Materials Used in Performance Swimwear
Swimsuits were firstly made of natural fibers as wool. The most significant reason behind this was related to the
fact that wool absorbs less water and is more flexible. The swimsuits made of this material become very heavy
when delved into water and hence harden swimming. For instance, the first male swimsuit of Jantzen brand was 4
kg (9 Ib) when it was soaked fully. This company manufactured the first rib-knitted swimsuit made of 100% pure
wool (Simply swim, 2017), (Jantzen, 2017), (Wu, 2011).
Even though swimsuits were made of wool knit fabric, other materials such as silk and cotton were also used.
However, all these natural materials become very heavy when soaked completely. For this reason, swimsuits need
to be manufactured with light, flexible, elastic and comfortable fabrics that do not emit color even under worst
conditions and have the property of tightening.
The first swimsuits manufactured by using synthetic fibers were carried out with rayon fibre. During 1930’s,
high-waist models that fit the body better were produced, having been affected by Art deco art movement. At that
time, lastex, which is a synthetic yarn, was introduced. Lastex is an elastic yarn which has a core of latex yarn
wounded by rayon, nylon, silk etc. to give a one way or two way streched effect to the fabric. For instance,
Sunsheen fabric of Jantzen was produced with Lastex. Similarly, Sea Satin, a certified product of B.V.D’s firm, was
obtained from bright acetate rayon fabric that had been tightened with lastex (Simply swim, 2017), (Cunningham,
2009), (Wu, 2011).
With the development of technology, human-made synthetic fibers gained an important part in textile production.
As one of the fibers, Nylon (Dupont) was used in order to increase the elasticity of swimsuit. In addition, polyester
was fabricated and it is a fibre that is commonly used in swimsuit manufacturing. At the end of 1950’s, the
researchers produced various synthetic textile filaments such as Dacron, Vyrene, Lycra and Spandex. These new
materials, alone or in combination with other fibers, created a revolution in swimsuit sector, improving the comfort,
function and fashion of wearing a swimsuit.
The firm Speedo offered a special swimsuit made of polyester and Lycra to the market in 2000 with the trade name
Fastskin. Four years later, it produced Fastskin FSII, which was made of Nylon and Lycra. These two swimsuits
were designed by taking inspiration from the skin of shark (Wu, 2011).
The materials used in high-performance swimsuits are naturally Spandex and Nylon composite fabrics in order to
decrease friction. The fabrics have the property of increasing the swimmer’s movement in water and decreasing
2
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the water’s absorption unlike common swimsuits. Some companies manufacturing performance swimsuits claim
that their fabrics decrease friction compared to the friction on naked body in water. In order to achieve this, a
swimsuit that covers arms and legs has been designed. The fabric used for high technology swimsuit is light and
water-repellent. These materials are composed generally of Spandex and Nylon.
The spread of polyurethane swimsuits has caught the attention of sports sector to a great extent. In the World
Championship held in Rome in 2009, the swimmers used swimsuits manufactured with partial or complete
industrial polymers and this year forty-three world records were broken. As there have not been such numbers of
records before, it can be considered that “rubber” swimsuits are the reason of this performance increase. However,
these swimsuits were banned in January 2010 by the Federation of International Swimming (Marinho et. al., 2012).
IV. The effect of Swimsuit on Swimming Performance
Swimming velocity depends upon the correlation between drag force and propelling force. Swimmers aiming to
reach higher speeds need to decrease the hydrodynamic friction that shows resistance against forward movement
and increase propelling force (Marinho et. al., 2012). Researhers claim that more than 90% of energy output of the
swimmer is spent to deal with the hydrodynamic resistance (Moria et. al., 2010). Decreasing hydrodynamic
resistance can increase general swimming performance to a significant effect (Benjanuvatra et. al., 2002).
While moving forward, a swimmer changes the place of water and encounters three types resistance, namely skin
friction drag, pressure drag and wave-making drag. Sum of these resistances suggests the total friction drag and is
formulated below. Swimsuit manufacturers touch upon the decrease of skin friction (Toussaint et. al., 2002), (Wu,
2011), (Moria et. al., 2010).
F total = F skin + F pressure + F wave

(1)

Skin friction force refers to the friction force between water and body. The skin friction force is in proportion to the
velocity of swimmer (V) and the surface area of body (S) where friction happens. Skin friction drag constitutes only
10-15% of the total resistive drag. This value has been mentioned to be less than 5% in some sources (Toussaint
et. al., 2002). Pressure drag, on the other hand, occurs with water when the body moves through it. The pressure
drag is in propotion to the square of swimmer’s velocity and frontal area of the body. Pressure (form) drag is
considered to comprise about 90% of the total resistive drag. Wave-making drags result from waves, swirls and
turbulence that occur as the swimmer swims actively and generally called as active drag. Each of these three
variables depends upon the time the swimmer completes his/her swimming as well as his/her velocity, shape,
length and style of swimming (Akis, 1997), (Moria et. al., 2010), (Marinho et. al., 2012), (Rushall et. al., 1994).
It has been argued that removal of hair from body can reduce the drag force in swimming. In the study carried out
for this purpose, Sharp and Costil found out that swimmers gained speed after their hairs were removed (Sharp
and Costil, 1989). Considering this fact, it is possible to conclude that performance swimsuits can have a positive
effect on the velocity of the swimmer as they cover the skin. The statistical study carried out by Foster et. al. (2012)
confirms this. During 2000-2010, in 50-meter free style swimming races of men, it was observed that the usage of
whole-body swimsuits increased their swimming performance by 1%. With the addition of polyurethane panels
(strings), this rate increased to 3.5%. With 100% polyurethane swimsuits, it increased to 5.5%. When we look at
the long course free style records, we can see better the effect of polyurethane swimsuits on swimming
performance. Seventeen and nineteen world records were broken in 2008 and 2009 respectively. In the previous
years, maximum nine world records were broken.
On the first days of regular swimming exercises, the swimsuits were designed only to cover the body. In addition,
as the competition increased in swimming sector, some alternative ways were looked for in order to choose
swimsuits that would provide more velocity. For this purpose, the firm Speedo began to work on it in Australia at the
end of 1920’s. In this context, Racerback, which was worn by Arne Borg with 32 world records and 5 Olympiad
medals, was designed (Arne Borg, 2016). Racerback swimsuits joined in the middle of the wearer’s back in order
to prevent the shoulder strap to fall down (Figure 2) (Davies, 1997), (A brief history of the swimsuit, 2015). In 2008,
Speedo introduced LZR model that covers the whole body. This swimsuit was distinguished by the polyurethane
panels that were strategically placed. In 2009, such companies as Arena and Jaked introduced the swimsuits
made of 100% polyurethane (Foster et. al., 2012).
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Figure 2: Speedo advertisement of 1920’s, Racerback swimsuit of Australian swimmer Arne Borg (A brief history of the swimsuit,
2015).

In 1956, Australia won eight medals in swimming in Melbourne Olympiads and Speedo swimsuits manages to take
the attention of everybody. These swimsuits were made of Nylon fiber and innovative for the period (Davies, 1997),
(Speedo history). Since the production of innovative performance swimsuits in 2000, world records in swimming
have increased to a great extent. In the water-world championship held in Rome in 2009, twenty-eight world
records were broken in the competition where the swimmers wore body-suit type (neck-ankle) swimsuits. After this
year, FINA, the swimming management organization, banned the usage of body-suit type performance swimsuits
(Wu, 2011).
Performance swimsuits can have six different types: shoulder-to-ankle types that cover the whole body,
shoulder-to-knee types, waist-to-ankle types, waist-to-knee types, one-piece woman swimsuits and slip swimsuits
(Figure 3), (Mollendorf et. al., 2004).

Fig. 3: Performance swimsuit types

The critics claimed that some of the swimmers wearing these new performace swimsuits displayed more
performance improvement than the others (Wu, 2011). The manufacturers argue that these swimsuits are
ultra-light, repels water and decreases muscle spasms and skin vibration by tightening the body (Marinho et. al.,
2012), (Moria et. al., 2010). In the experimental study carried out by Mollendorf et. al. (2004), five types of
swimsuits (shoulder-to-ankle, shoulder-to-knee, waist-to-ankle, waist-to-knee and slip) were compared. It was
concluded that the body-suit types (shoulder-to-ankle) decrease friction and provides advantage in swimming.
V. Some Performance Swimsuits and Their Features
V.I. Fastskin®
This swimsuit was put onto the market by Speedo. So far, four models have been produced. These include
Fastskin, Fastskin FSII, Fastskin FS PRO and Fastskin LZR Racer. Fastskin model was first introduced in 2000 in
Sydney Olmpiads. Fastskin FSII model was introduced in 2004 while Fastskin FS PRO model was introduced in
2007. In the 80th year of Speedo, Fastskin LZR Racer model was launched to the market as the swimsuit that had
the highest technology.
Fastskin 1 swimsuit was made of teflon coated polyurethane. The surface of this swimsuit was likened to that skin
of shark. The surface of swimsuit was designed in V shape by taking inspiration from the shark, which has the
effect of decreasing friction (Figure 4). At the lower parts of arms, a harder fabric was used in order to help the
swimmer to obtain a better clutch while swimming. Theoretically, the swimsuit can decreases hydrodynamic friction
and increase performance by 3-7.5%. As this swimsuit covers the whole body, it was excluded by FINA from
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competitions (Benjanuvatra, 2002), (Fastskin LZR Racer), (Speedo history).
In 2004, Speedo developed Fastskin 2, the better model than the previous one. Unlike Fastskin, this swimsuit was
designed for various swimming types and made of nylon, polyurethane and polyester. This swimsuit caused 4%
decrease in passive drag (Fastskin LZR Racer).
In 2007, Speedo introduced LZR Pulse fabric in its new model Fastskin Pro. This fabric was knitted tightly with nylon,
polyurethane micro fibers. Compared to previous models, this swimsuit provided 15% more pressure (Fastskin LZR
Racer).
Since the launching day, LZR Racer, a special design by Speedo for 2008 Pekin Olympiads, hinted the beginning
of a new period. These new models taking inspiration from the wind thunnel technology that was developed by
Nasa for the astronauts provided some advantages such as decreasing friction by 6%. It can even last for 30-40
minutes to wear these swimsuits that work with the principle of a corset by minimizing muscle vibration. With the
decresed muscle vibrations, the use of oxygen and hence tiredness decrease. Speedo claims that LZR Racer
decreases drag and water resistance by 38% compared to the traditional Lycra swimsuit. This high-technology
swimsuit was designed to provide maximum support to the muscles by decreasing friction to minimum
(High-technology swimwear fabric).
Benjanuvatra et. al. (2002), compared Fastskin swimsuits, which cover the whole body, to the standard ones. As
subjects, they used 5 male and 4 female swimmers. At the end of the study, it was found out that the whole-body
type swimsuits decreased friction (Benjanuvatra et. al. 2002).

Fig. 4: a) Fastskin swimsuit, b) Surface outlook of Fastskin swimsuit, which was developed by taking inspiration from spark skin,
c) Spark skin

V.II. S2000®
S2000 swimsuit is a type of swimsuit produced by Speedo and made of polyester micro fiber and lycra combination.
This swimsuit was developed before Barcelona Olympiads in order to decrease surface friction by 15% and more
and it is a special finish application. S2000 swimsuits were used by 53% of the swimmers in Barcelona Olympiad
and 50% of the medals were won by the swimmers wearing Speedo swimsuits, who broke four world records and
won seven gold medal (Davies, 1997), (Voyce et.al., 2005), (Speedo history).
V.III. Aquablade®
Speedo S2000 model was replaced by the Aquablade models in 1996 Atlanta olympiads. Speedo claimed that this
swimsuit provided 8% lower surface resistance than the previous S2000 model. 77% of the medals won in Atlanta
Olympiads were taken by the swimmers wearing Speedo AQUABLADE swimsuits. This model has a stripe
structure in order to create spiral turbulance. With this feature, it was aimed to increase water flow, decrease
resistance and increase the velocity of slide on the surface of water (Voyce et.al., 2005), (Speedo history).
V. IV. Arena X-Glide
Arena X-Glide, manufactured by the Australian firm Arena, is a 100% polyurethane swimsuit. It is a very effective
swimsuit and the German swimmer Paul Biedermann broke world record and outstriped Michael Phelps, who was
wearing Speedo LZR Racer, in 200 free style in 2009 Rome Swimming World championship. The desing of this
swimsuit mainly covers the whole body and legs with impermeable polyurethane and hence decreases the
exposure of skin to water. In this way, swimming ability and aerodynamic shape of the swimmer improve.
5
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V.V. TYR Aquapel
This swimsuit was produced with lycra mixture. On these swimsuits, there are hydrodynamic flow panels that
decrease turbulance and control water flow. It is finished with hydrophobic solution in order to decrease chlorine
and water absorption (Aquapel, 2018).
V. VI. Adidas Jet Concept
This swimsuit covering the whole body including the arms was produced by Adidas firm in 2003, having been
inspired by plane technology (Preston and Johnson, 2015). In order to decrease friction, silicon canals were
placed. Swimmers believe that these swimsuits raise the legs more and forms a horizontal body position (Voyce
et.al., 2005).
V. VII. Jaked-01 Full
Jaked 01 model is a 100% polyurethane swimsuit. Jaked 01 full model was the one that was worn most (47.07% in
2009 FINA World Swimming Chanpionship in Rome (Neiva et. al. 2011).
Table 1. Long course swimming world records and types of swimsutis worn (Man), (FINA)
Swimming
style

Swimmer

Duration

Date and place

The type of swimsuit

Brand and
model

50 m Crawl
stroke

Cesar Cielo

20,91

18.12.2009- Sao
Paulo

Shoulder-to-ankle

Arena X-Glide

100 m Crawl
stroke

Cesar Cielo

46,91

30.07.2009-Rome

Shoulder-to-ankle

Arena X-Glide

200 m Crawl
stroke

Paul Biedermann

1:42.00

28.07.2009Rome

Shoulder-to-ankle

Arena X-Glide

400 m Crawl
stroke

Paul Biedermann

3:40.07

26.07.2009Rome

Shoulder-to-ankle

Arena X- Glide

800 m Crawl
stroke

Lin Zhang

7:32.12

29.07.2009Rome

Shoulder-to-ankle

Jaked-01

1500 m Crawl
stroke

Yang Sun

14:31.02

04.08.2012London

Waist-to-knee
(Jammer)

Speedo

50 m Butterfly
stroke

Rafael Munoz

22,43

05.04.2009Malaga

Shoulder-to-ankle

-

100 m Butterfly
stroke

Michael Phelps

49,82

01.08.2009Rome

Shoulder-to-ankle

Speedo LZR
Racer

200 m Butterfly
stroke

Michael Phelps

1:51.51

29.07.2009Rome

Waist-to-knee

Speedo LZR
Racer

Tablo 2. Long course swimming world records and types of swimsutis worn (Woman), (FINA)
Swimming
style

Swimmer

Duration

Date and place

The type of swimsuit

Brand and
model

50 m Crawl
stroke

Britta Steffen

23,73

02.08.2009Rome

Shoulder-to-ankle

Adidas

100 m Crawl
stroke

Cate Campbell

52,06

02.07.2016Brisbane

Shoulder-to-knee

Arena

200 m Crawl
stroke

Federica
Pellegrini

1:52.98

29.07.2009Rome

Shoulder-to-ankle

-

400 m Crawl

Katie Ledecky

3:56.46

07.08.2016- Rio

Shoulder-to-knee

Speedo

6

232

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

stroke

de Janeiro

800 m Crawl
stroke

Katie Ledecky

8:04.79

12.08.2016- Rio
de Janeiro

Shoulder-to-knee

Speedo

1500 m Crawl
stroke

Katie Ledecky

15:25.48

04.08.2015Kazan

Shoulder-to-knee

Speedo

50 m Butterfly
stroke

Sarah Sjöström

24.43

05.07.2014Boras

Shoulder-to-knee

Arena

100 m Butterfly
stroke

Sarah Sjöström

55.48

07.08.2016- Rio
de Janeiro

Shoulder-to-knee

Arena

200 m Kelebek

Zige Liu

2:01.81

21.10.2009Jinan

Shoulder-to-knee

Speedo
LZR Racer

As is seen in the table, it is possible to say that the shoulder-to-ankle swimsuits made of pure polyurethane provide
advantage in swimming competitions.
VI. Conclusions
The best way to understand the effect of swimsuits on swimming is to look at 2009 Rome Swimming Championship,
in which forty-three new world records were broken. After this event, FINA applied some restrictions in swimsuits in
2010. The term of “technology doping” entered into the literature to refer to the ones who wear 100% polyurethane
and body-covering swimsuits.
To put it generally, it is possible to conclude that good degress in performance swimsuits are best seen in
shoulder-to-ankle types. In addition, studies on increasing water flow and decreasing resistance in performance
swimsuit design became more common. As a result, it was understood that these swimsuits were developed in
order to increase the velocity of glide duration of swimmers on water surface. It is seen that some firms develop
outstanding silicon-canal fabric desings in body-covering performance swimsuits. As a result, it would not be very
surprising to predict that these performance swimsuits would bring various innovations in the coming years in
parallel with the technological developments.
References
A brief history of the swimsuit, http://www.rarelywearslipstick.com/2015/03/a-brief-history-of-the-swimsuit/, Date of access:
22.05.2017.
Akis T., Experimental and analytical investigation of the biomechanics of crawl stroke swimming, High License Thesis, The
Middle East Technical University, (1997).
Arne Borg, https://en.wikipedia.org/wiki/Arne_Borg, Date of access: 22.05.2017.
ASCA News, More on Swimsuits, https://swimmingcoach.org/more-on-swimsuits/, Date of access: 15.05.2017.
Aquapel, http://www.wikizero.info/index.php?q=aHR0cHM6Ly9lbi53aWtpcGVkaWEub3JnL3dpa2kvQXF1YXBlbA,
access: 28.01.2018.

Date

of

Benjanuvatra N., Dawson G., Blanksby B.A., Elliott B.C., Comparison of Buoyancy, Passive and Net Active Drag Forces
Between FastskinTM and Standard Swimsuits, Journal of Science and Medicine in Sport, 5 (2), 115-123 (2002).
Cunningham P.A., From Underwear to Swimwear: Branding at Atlas and B.V.D. in the 1930s, The Journal of American Culture,
32(1), 38-52 (2009).
Davies E., Engineering Swimwear, The Journal of The Textile Institute, 88, 32-36, (1997).
Fastskin LZR Racer, http://chemistryofmaterials2013.wikidot.com/jason-nikhomvan#toc7, Date of access: 25.05.2017.
FINA, https://www.fina.org/, Date of access: 25.05.2017.
Foster L., James D., Haake S., Influence of full body swimsuits on competitive performance, Procedia Engineering, 34, 712 –
717 (2012).
Gokhan I., Kurkcu R., Devecioglu S., Aysan H.A., Yüzme egzersizinin solunum fonksiyonları, kan basıncı ve vücut

7

233

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

kompozisyonu üzerine etkisi, Journal of Clinical and Experimental Investigations, 2 (1), 35-41 (2011).
High-technology swimwear fabric, https://en.wikipedia.org/wiki/High-technology_swimwear_fabric, Date of access: 25.05.2017.
History of swimwear, https://en.wikipedia.org/wiki/History_of_swimwear, Date of access: 15.05.2017.
Jantzen, http://www.jantzen.com/timeline.html, Date of access: 17.05.2017.
Marinho D.A., Mantha V.R., Boas J.P.V., Ramos R.J., Machado L., Rouboa A.I., Silva A.J., Effect of Wearing a Swimsuit on
Hydrodynamic Drag of Swimmer, Brazilian Archives of Biology and Technology, 55 (6), 851-856 (2012).
Mollendorf J.C., Termin A.C., Oppenheim E., Pendergast D.R., Effect of Swim Suit Design on Passive Drag, Medicine &
Science in Sports & Exercise, 36, 1029-1035 (2004).
Moria H., Chowdhury H., Alam F., Subic A., Smits A.J., Jassim R., Bajaba N.S., Contribution of Swimsuits to Swimmer’s
Performance. Procedia Engineering, 8th Conference of the International Sports Engineering Association (ISEA), 2, 2505-2510
(2010).
Neiva H.P., Vilas Boas J.P., Barbosa T.M., Silva A.J., Marinho D.A., 13th FINA World Championships: Analysis of swimsuits
used by elite male swimmers, Journal of Human Sport & Exercise, 6, 87-93 (2011).
Preston E.C., Johnson D. K. N., Fastest in the Pool: The Role of Technological Innovation on Swimming Record Breaks,
International Journal of Innovation, Management and Technology, 6, 353-357 (2015).
Rushall B.S., Sprigings E.J., A Re-evaluation of Forces in Swimming. The Journal of Swimming Research, 10, 6-30 (1994).
Sharp, R.L., Costill D.L., Influence of body hair removal on physiological responses during breaststroke swimming. Medicine
and Science in Sports and Exercise, 21, 576–580 (1989).
Simply swim, The History of Men’s Swimwear, https://www.simplyswim.com/blog/the-history-of-mens-swimwear/, Date of
access: 17.05.2017.
Speedo history, https://speedo.com.au/page/history, Date of access: 17.05.2017.
Tiozzo E., Leko G., Ruzic L., Swimming Bodysuit In all-out and Constant-Pace Trials, Biology of Sport, 26, 149-156 (2009).
Toussaint H.M., Truijens M., Elzinga M.J., Ven A.V.D., Best H.D., Snabel B., Groot G.D. Effect of a Fast-skin™ 'Body' Suit on
Drag during Front Crawl Swimming, Sports Biomechanics, 1, 1-10 (2002).
Tuzen B., Muniroglu S., Tanilkan K., Kısa mesafe yüzücülerinin 30 metre sürat koşusu dereceleri ile 50 metre serbest stil yüzme
derecelerinin karşılaştırılması. SPORMETRE Beden Eğitimi ve Spor Bilimleri Dergisi, III, 97-99 (2005).
Voyce J., Daftiotis P., Towlson S., Elastic textiles, (Ed. Shishoo R.), Textiles in sports, Woodhead Publishing, Cambridge,
England, 204-230 (2005).
Wu J., Development and design of performance swimwear, (Ed. Pan N., Sun G.), Functional textiles for improved performance,
protection and health, Woodhead Publishing, Cambridge, England, 226-248 (2011).
Yapici A., Cengiz C., 50 m Serbest yüzme performansının alt ekstremite wingate anaerobik güç ve kapasite testi ile ilişkisi,
International Journal of Science Culture and Sport (IntJSCS), 3, 44-54, (2015).

234

8

ETT0102

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Electrospun Polyvinylidene Fluoride (PVDF) Nanofibers
1*Derman
1

Vatansever Bayramol, 1Ahmet Özgür Ağırgan, 1Aylin Yıldız

Namik Kemal University, Corlu Faculty of Engineering, Department of Textile Engineering, Corlu-Tekirdag, 59860, Turkey
* E-mail:dvbayramol@nku.edu.tr

Abstract:
Electrospinning has become a prominent fiber production technology in last decade although it has been known since last century.
There have been a number of research works on electrospinning of different polymers. In this study, we used polyvinylidene
fluoride (PVDF) with a concentration of 20wt% in the polymer solution. Different solvent types and different concentrations were
used to dissolve PVDF. Prepared polymer solutions were fed to electrospining unit to produce PVDF nanofibers. The parameters
such as feeding rate, high voltage and the distance between the needle and the collector were studied and the optimum
parameters were used to produce PVDF nanofibers. Electrospun fibers were collected on aluminium foils located onto the
collector. Surface morphology the produced fibers were analysed by using scaning electron microscope (SEM). The effects of
the solvent type and concentration on the fiber morphology were investigated.
Keywords: Electrospinning, PVDF, nanofiber, morphology

I. Introduction
Electrospinning is the way of producing polymer filaments from the polymer solution via an electrical force, which is
created between the metal tip (spinneret) and the conductive collector. As soon as polymer solution is exposed to
the air through the metal tip, the solvent evaporates and the polymer forms as a filament onto the conductive
collector (Huanga, 2003). Fundamental idea of electrospinning dates back 1930’s (Formhals, 1934; Formhals, 1939).
However, it has been in use actively only for last 25-30 years. It is clearly stated in the literature that there are few
important parameters for a good electrospinning process. These are type and concentration of the solvent, polymer
ratio in the solution, feeding speed, the distance between the metal tip and the collector, and the applied voltage.
Polyvinylidene Floride (PVDF) is a thermoplastic synthetic polymer with a repeating unit of –(CF2CH2)–. PVDF has
been in use for different purposes since 1960’s. The polymer has high mechanical strength, good chemical and
aging resistance as well as thermal stability (Kang, 2014). Due to being thermoplastic, PVDF can be easily form
into film, membrane and filament form by melt processes. Electrospinning of PVDF was patented in 2006 (Harrison,
2006). However, PVDF nanofiber production is a relatively new research area since dissolving PVDF is not as easy
as some other polymers. It is reported in the literature that PVDF is soluble in solvents such as dimethylformamide
(DMF) (Park, 2005; Li, 2013; Yun, 2016), N,N-dimethylacetamide (DMAc) (Hou, 2009), dimethylsulfoxide (DMSO)
(Park, 2005) and so on. Some of the researchers used additives to increase spinnability (Sheikh, 2011; Liao, 2013;
Moktari, 2016).
In this study, 20wt% of PVDF was dissolved in different solvents with different concentrations. Prepared polymer
solutions were fed to electrospining unit to produce PVDF nanofibers. The parameters such as feeding rate, high
voltage and the distance between the needle and the collector were studied and the optimum parameters were
used to produce PVDF nanofibers. Electrospun fibers were collected on aluminium foils located onto the collector.
Surface morphology and diameters of the produced fibers were analysed by using scaning electron microscope
(SEM). The effects of the solvent type and concentration on the fiber morphology and the diameter were investigated.
II. Materials, Method and Analysis
Polyvinylidene Fluoride (PVDF) homopolymer pellets were obtained from (Solef®). Dimethylformamide (DMF),
dimethylacetamide (DMAc) and Acetone were purchased from EMSURE®, AKKIM and TEKKIM, respectively.
Solvents were used as received. 20wt% PVDF was dissolved various concentrations of different solvents. Seven of
them has been given in this paper. Codes from A to G were given to the samples for better readability and
understanding (Tab. 1). Sample A was prepared by dissolving 20wt% PVDF in DMF only while same amount of
PVDF was dissolved in DMAC and Acetone to prepare Sample B and Sample C, respectively. In Sample D, a
mixture of DMAF:DMAc was used with a weight ratio of 1:1. Samples E and H were prepared by dissolving 20wt%
PVDF in DMF:Acetone (1:1) and DMAc/Acetone (1:1), respectively. To prepare Sample G, a mixture of
DMF/DMAC/Acetone was prepared by mixing 9.6 g DMF, 3.2 g DMAC and 3.2 g Acetone. 4 g of PVDF pellets were
added into the solution to obtain 20wt% polymer solution.
1

235

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Tab. 1: Sample codes and properties of the polymeric solutions

Sample
Code

PVDF
Concentration
(wt%)

DMF
Concentration
(wt%)

DMAc
Concentration
(wt%)

ACETONE
Concentration (wt%)

A

20

80

0

0

B

20

0

80

0

C

20

0

0

80

D

20

40

40

0

E

20

40

0

40

H

20

0

40

40

G

20

48

16

16

All seven samples were prepared by using a magnetic stirrer with a speed of 120rpm. Although each solution was
kept in a closed bottle, to evoid the evaporation of Acetone, dissolving process was carried out at a temperature
below the boiling point of Acetone for 4 hours. As shown in Fig. 1, a horizontal electrospinning process was
performed to prepare aforementioned samples.

Fig. 1: Photograph of Electrospinning Device, NanoSpinner1, where the Samples A – G were produced with a feeding speed of
2.5mL/h, voltage of 17kV and 15 cm distance between the spinneret and the collector.

Different feeding speeds from 0.5mL/h to 7mL/h and different voltages up to 30kV were tried to optimise the
parameters while the distance between the metal tip and the conductive collector was kept constant. The change
in room temperature was ignored since it was changed between 25ºC and 26ºC during the production of 7 samples.
The feeding speed and the voltage were optimized and surface morphology of the produced fibers were analysed
by using scaning electron microscope (SEM). The effects of the solvent type and concentration on the fiber
morphology and the diameter were investigated.
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IV. Results and Discussions
Seven samples of PVDF were electrospun by using NanoSpinner1. PVDF were completely dissolved in DMF and
DMAc in 2 hours while there were very tiny bits of the PVDF pellets in Acetone after 4 hours of stirring. It was
reported by other researchers that amount of PVDF should not exceed 15wt% since further increase would result
low polymer solubility (Cozza, 2013). However, 20wt% PVDF was successfully dissolved in the solvents and solvent
mixtures. During the production of Sample A and Sample B, electrospinning process was inconstant. The polymer
solutions were mostly sprayed. Fiber formation did not occur. The reason of this was though to be the low volatility
and high surface tension. Solvents did not evaporate fast enough and this probably caused polymer solution to form
a structure more like a film instead of a fiber. Therefore, a high volatility chemical, Acetone, was used as a solvent
to dissolve PVDF and prepare Sample C. However, the polymer was not completely dissolved in Acetone in 4 hours.
The polymer solution was fed to the unit until the undissolved bits of PVDF bloked the spinneret. Again, fiber
formation was not observed, the beads of the polymer were seen under SEM. Most likely, the high volatility of
Acetone caused quick dry of the polymer solution before it formed as a fiber.

Fig. 2: SEM images of electrospun PVDF; (A) Sample D (solvent mixture: DMF/DMAc), (B) Sample E (solvent
mixture: DMF/Acetone), (C) Sample H (solvent mixture: DMAc/Acetone) and (D) Sample G (DMF/DMAc/Acetone)
Sample D was prepared by dissolving 20wt%PVDF in DMF:DMAc (1:1) mixture. As seen in Fig. 2 (A), inconstant
electrospinning occurred. Due to low volatility, solvent mixture did not evaporate fast enough to form uniform
nanofibers. Furthermore, inconstantly formed fibers sticked to each other where they contacted. Therefore, overall
structure was formed as a polymer layer instead of nanofibers. Fig. 2 (B) shows the nanofibers produced from a
polymer solution which contained 20wt%PVDF and a mixture of DMF:Acetone (1:1). Nanofiber formation was
observed. However, distribution of electrospun nanofiber diameter was not uniform. Using different ratios of
DMF:Acetone should be considered as a further study to obtain uniform distribution of fiber diameter.
Fig. 2 (C) demostrates the nanofibers produced by dissolving 20wt%PVDF in DMAc:Acetone (1:1) mixture.
Electrospinnig had been observed during the production. However, when the structure was investigated under SEM,
beads and sticked fibers were seen. By compering Fig. 2 (B) and (C), it is possible to say that DMF is a better option
as a solvent to PVDF as compared to DMAc. Sample G was prepared by dissolving 20wt%PVDF in a mixture of
3
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DMF:DMAc:Acetone (3:1:1). Fig. 2 (D) shows the SEM image of Sample G. As seen in the image, fiber formation
was observed. Athough the diameter distribution of the nanofibers were not uniform, average diameter of the fibers
was smaller than that of Sample E (Fig. 2 (B)). Therefore, it worth doing further study on using different ratios of
DMF:DMAc:Acetone as a solvent to dissolve PVDF for electrospinning.
V. Conclusions
Seven polmer solution were prepared by dissolving 20wt% PVDF in different ratios of different solvents.
Electrospinning was performed on NanoSpinner1 type electrospinning unit. Different feeding speeds and voltages
were tried to optimize the parameter while the distance was kept the same. Most appropriate feeding speed and
voltage were determined as 2.5mL/h and 17kV, respectively. Fiber formation was not observed from Sample A,
Sample B and Sample C. Similar result was seen when DMF:DMAc (1:1) was used as a solvent. The best fiber
formation was observed on the SEM images of Sample E. Therefore, DMF:Acetone is a better option for
electrospinning of PVDF nanofibers when compared to DMAc:Acetone mixture. On the other hand, further studies
should be considered for DMF:DMAc:Acetone since the fibers with smaller diameters were produced.
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Abstract:
Nationally and internationally, sustainability is increasingly coming to the forefront of current discussions, both at the societal
and political levels. Above all, the pollution of our environment by plastic waste is increasingly being discussed. The recycling of
plastics plays a key role in the sustainable use of these consumer goods. Recycling processes and take-back systems are
already established for a few plastics, e.g. for PET bottles. However, due to their cotton-like feel, polyacrylonitrile (PAN) fibers
play an important role in the textile industry, especially in the house and home sector as well as apparel textiles. This means
that around 1.9 million tons of PAN fibers (2014) are produced worldwide [TFY15]. Currently, textile waste containing PAN is
mainly used for thermal combustion, which may result in the production of energy, but release CO 2 and other toxic gases during
combustion.For using PAN containing textile waste more efficiently, the development of ecological and economic feasible
recycling technologies is needed.
Keywords:

Polyacrylonitrile, Recycling, Textile waste

I. Introduction
PAN fibers are one of the most important fibers for the production of different types of textiles e.g. clothing and
technical textiles. Due to their cotton like haptic, they are mostly processed in combination with cotton. The
worldwide production of acrylic fibers (PAN fibers) for textile materials is about 1,9 mio tons per year [TFY15]. The
production capacity in Europe is about 525.000 tons per year (including Turkey). During the production of PAN
fibers, nearly 1 % of the applied raw material (PAN Polymer) arises as production waste [Her16]. In the processing
of PAN fibers to textile products like sweatshirts or blankets, the arising production waste is even about 6 % [Her16,
Ren16]. These huge amounts of PAN containing textile waste will be used for thermal combustion, where possibly
thermal energy can be generated. Otherwise, it is used as filler material or to produce low-quality yarns or
non-wovens in so-called downcycling processes. Nevertheless, there is no efficient and sustainable use of PAN
containing textile waste, neither in Europe nor worldwide.
II. Technical evaluation
The Institut für Textiltechnik der RWTH Aachen University (ITA) and the Hermann Biederlack GmbH & Co KG,
Greven, Germany, producer of high-quality lifestyle blankets, developed a spinning process for recycled PAN
multifilament yarns made from production waste arising during the blanket production was developed [SSG+15,
SSM+14, SRS+15]. The considered and developed process chain for the recycling of PAN containing textile waste
is shown in Figure 1.

1

239

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Fig. 1 Process and value chain for the recycling and upcycling of PAN containing textile waste including intermediate and end
products [www16]

As shown in Fig. 1 not only the recycling, which is already developed at a lab and technical scale, also upcycling
processes to obtain oxidized and carbonized PAN fibers generated from PAN containing textile waste are
conceivable. In case of oxidized PAN fibers derived from PAN containing textile waste, first studies on the proof of
concept are successfully conducted at ITA. In Fig. 2 recycled PAN fibers before and after thermal conversion are
shown.

Fig. 2 Recycled PAN multifilament yarn before (a) and after thermal conversion (b) [www16]

A future vision could be the use of PAN containing textile waste as secondary raw material for the production of
carbon fibers. This approach can lead to a sustainable and cost-efficient production of carbon fibers and will open
up new markets that currently cannot be attended due to the high market price of carbon fibers.
As a result of the developed spinning process for recycled PAN fibers, a moderate decrease in tensile strength by
increasing the amount of secondary raw material (PAN containing textile waste) up to 75 % was observed. The
results with a maximum draw ratio of 4 (limited by plant set-up) are shown in Tab 1. The fineness of the filemants is
between 2,2 dtex and 2,3 dtex.
Tab. 1: Tensile strength and alongation of recycled PAN fibers depending on the amount of secondary raw material
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Ammount of secondary raw
material [wght.-%]

Tensile strength [cN/tex]

Elongation [%]

0
25
50
75

24,94 +/- 1,2
24,14 +/- 0,78
24,03 +/- 1,28
22,2 +/- 1,39

17,85 +/- 1,48
17,64 +/- 1,15
16,79 +/- 1,20
14,8/3 +/- 1,47
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III. Economic evaluation
The production of PAN first represents an energy-intensive process and secondly requires non-marginal resources
such as mineral oil. For this reason, the waste management of PAN-containing products is highly important.
Currently, energy recovery is a method which is preferred in the recycling of PAN-containing waste. This method
especially leads to the destruction of the PAN so that it can no longer be used. The market price for PAN fibers is
approximately 2 €/kg depending on the quality of the fiber. PAN-containing waste, which comes close to a total
amount of 27.250 t per year in the European Union has a value of nearly 54,5 million € [ASG+17]. The
PAN-containing waste consists of the waste caused: during the production of PAN fibers, the processing and also
by the End-of-Use textiles. In case of the End-of-Use waste, only an estimation of the quantity can be made
because PAN fibers were exported to foreign countries, converted into clothes and imported back. It is difficult to
estimate the amount of the returning imports. Therefore, the End-of-Use waste cannot be precisely defined. It is
assumed at 10 % of the fiber production quantity per year in any given region. The arising waste during the fiber
production is assumed at 1 % of the fiber production amount and in the processing PAN fibers at 6 % of the fiber
conversion quantity per year [Her16]. Fig. 3 shows a geographical allocation of PAN-containing waste in Germany,
the EU, and Turkey which is one of the largest fiber conversion countries.

Fig. 3 Geographical allocation of PAN-containing waste in Germany (DEU), the European Union (EU) and Turkey (TR) in tons
per year [ASG+17]

The aim is to calculate the production costs of recycled PAN fibers with an amount of secondary raw material of
50 %. At the beginning of the recycling process, the recovery of PAN as polymer from PAN containing textile waste
takes place, which includes mechanical preconditioning, selective separation and cleaning of the polymer. Based
on this, the fiber production by wet spinning occurs. The calculation of the production costs results from a partial
cost based, multiple and multi-staged division [SK11]. This means, that the costs of the prefixed subprocess steps
are added to the costs of the actually regarded subprocess. The sum is allocated to the output of each particular
end product, so that the production costs of one unit of the actual end product are received [Kos79]. The production
costs consist of the costs for fabrication, material, labor and the fixed costs. The costs for the fabrication are
representative for the nonmaterial input of resources during the production process, such as depreciation,
electricity, etc. The machine hour assessment costs are used for its calculation. The logic behind this formula is
that different machine types have different cost structures [SK11]. This is also given in the individual processes of
the chain. The costs for material result from the usage and the price for one unit of the needed Material. The labor
costs are equivalent to direct labor. So they can be directly allocated to the processes and respective end products.
They are especially not part of the fixed costs. The activity-based costing is used to determine the fixed costs. It
promises a stress-oriented allocation of those to the particular end products. To receive relevant results for the
praxis, several companies and experts were asked supply relevant data [Her16] [Zan16]. Another way of getting
data is explicit requests for proposals such as assets. The resulting production costs are compared to the market
price of benchmark products. The comparison provides a basis for the decision concerning the economic
3
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feasibility.
In the considered scenario, the target product is a recycled PAN fiber containing 50 % secondary raw material. The
particular end products consist of 50 % primary and 50 % secondary feedstock. The recycled PAN fibers are
produced with a fineness of 2,2 dtex. The analysis is based on the recycling of the PAN-containing waste in the EU
(27.250 t). Initially, the market for recycled PAN fibers is aimed at. That leads to a set production quantity of 44.500
t of recycled PAN fibers. The specified production quantity leads to a commercial production for the end product.
The production costs for recycled PAN fibers are at 1,797 €/kg. The market price for the benchmark product, in
contrast, is 1,95 €/kg. This results in a profit margin of 0,153 €/kg. [ASG+17]
IV. Conclusion and outlook
In general, the recycling of polyacrylonitrile containing textile waste is technical as well as economically feasible. In
our studies, recycled PAN fibers with an amount of 50 % secondary raw material with a tensile strength of 24,03 +/1,28 cN/tex compared to as spun virgin PAN fibers with a tensile strength of 24,94 +/- 1,2 cN/tex and with
finenesses between 2,2-2,3 dtex were successfully spun. Referring to this an economic evaluation was conducted,
which resulted in production costs of 1,797 €/kg by an annual production quantity of 44.500 t. Compared to the
price of the benchmark product a profit margin of 0,153 €/kg can be reached.
Further investigations will focus on the process optimization (solution spinning) and the processing of recycled PAN
fibers, including texturizing, dyeing and yarn manufacturing.
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Abstract:
Nonwovens is a growing worldwide market that have a vital proposition in many sectors such as geotextile, medical textile,
automotive industry etc. which are supported by technological developments according to the desired characteristics. Among
the production method of the nonwovens, spunbond nonwovens made of polyprophylene (PP) have disposable and durable
functions and are preferred especially in the field of disposable hygiene textiles. Although the fabric volume market of PP
spunbond nonwovens is expected to grow rapidly owing to personel hygiene awareness with increasing in the aging population
and regulations for hygiene, polyethylene spunbond nonwovens can probably share the application area due to having lower
melting point and easy processable. This study evaluates the effect of weight of linear low density polyethylene (LLDPE)
spunbond nonwovens on barrier properties such as resistance to air flow and water. Results showed that weight has
significance effect on air permeability and hydrostatic head pressure.
Keywords: Linear low density polyethylene, barrier properties, medical textile, spunbond, nonwoven.

I. Introduction
Nonwoven fabrics are technical textiles manufactured using sheets or webs bonded via various thermal, chemical
or mechanical processes. Such fabrics can be produced or modified to exhibit superior properties in accordance
with the requirements of particular applications (https://www.persistencemarketresearch.com/marketresearch/non-wovens-market.asp). Nonwovens play an important role in the application of medical textiles. The
use of PP as raw materials has a vital for hygiene and medical sector such as baby and adult diapers, medical
products, feminine cares etc. Figure 1 illustrates the PP nonwoven fabric market volume share in 2015 according
to product and application area. In this figure PP spunbonded nonwovens have highest production rates and
hygiene and medical sectors have predominant volume and it is obvious that in these areas there are probably
higher potential to investigate.

Fig. 1: PP nonwoven fabric market volume share in 2015 (a) by product and (b) by application
(https://www.grandviewresearch.com/industry-analysis/polypropylene-nonwoven-fabric-market,
https://www.grandviewresearch.com/blog/pp-polypropylene-nonwoven-fabric-market-size-share)

Polyethylene (PE) comes under the general category of polyolefins as the same as PP fiber and is also used in
nonwoven application. It can be classified PE fibers into high density polyethylene (HDPE) and linear low density
polyethylene (LLDPE). But there has been limited research on PE fibers (Das and Pourdeyhimi, 2014). Spunbond
PE has an advantages that is lightweight, easy processing, good chemical resistance, good impact strength,
excellent electrical properties, good barrier properties, low water absorption, toughness and flexibility even at
extremely low temperature, safe for food contact and non-toxic for skin contact, do not require pre-drying and
recyclable (http://www.techtex.co.uk/industrial/products/non-woven/spunbonded-polyethylene). Also, lower
1
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working temperature is needed than polypropylene polymer and LLDPE polymer has low moisture absorption rates
(Yeşil and Bhat, 2016) and it gives a softer fabric (Russell, 2007). This study was focused on the evaluation of
barrier properties in different weight of LLDPE spunbonded nonwovens.
II. Experimental Set-up and Procedure
In this study LLDPE was choosen as raw material of spunbonded nonwovens production because of lower
temperature necessary to processability than HDPE ones. Melt flow index of raw material was determined at
190 oC temperature under 2.16 kg applying load as 11.6 g/10 min value. Nonwovens in different weight were
manufactured in spunbond process which the schematic representation is shown in Figure 2.

Fig. 2: Schematic representation of spunbond nonwoven production

Before the production several trials were conducted to adapt the machine parameters for LLDPE spunbonded
nonwoven. After these trials optimum parameters were determined and the machine production settings as a range
were given in Table 1.
Tab.1: Main production settings
Production Settings
Extrusion Temperature, oC
Die Temperature, oC
Calendar Speed, m/min
Calendar Bonding Temperature, oC
Nip Point Pressure, bar

Value
210-250
200-240
50-300
135
80-90

III. Analysis
Before tests, LLDPE spunbonded nonwovens with 40 gsm, 50 gsm, 60 gsm, 80 gsm and 100 gsm weights were
conditioned at 20 ± 2 oC and 65 ± 4 % for 24 hours. Air permeability of samples were conducted according to the
WSP 70.1 (05)-Standard Test Method for Air Permeability of Nonwoven Materials standard at 200 Pa pressure
drop by using 20 cm 2 test area by means of Sdl Atlas air permeability tester. Ten tests were performed for each
sample and mean results of air permeability in mm/sec were evaluated. Hydrostatic pressure of samples were
determined by means of Sdl Atlas hydrostatic head tester in accordance with WSP 80.6 (05) Standard Test Method
for Evaluation of Water Resistance (Hydrostatic Pressure) Test standard. In this test, the rate of increase of water
pressure was choosen as 60 cmH2O/min by using 100 cm 2 test head. Distilled water at 23 ± 2 oC temperature was
used and tests were completed when three separate drops are formed on the different surface region of the
specimen. Five tests were performed for each sample. Hydostatic pressure values were obtained as cmH2O unit.
In order to evaluate the effect of weight on air permeability and hydrostatic pressure statistically, variance analysis
were performed by means of SPSS package program at 95% confidence interval. Furthermore, the significance
difference between weights were determined with post-hoc Tukey HSD multiple comparison test analysis.
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IV. Results and discussions
The physical properties of LLDPE spunbonded nonwovens are given in Table 2.
Tab.2: Physical properties of LLDPE spunbonded nonwovens
LLDPE Spunbonded
Nonwoven Samples
40
50
60
80
100

Thickness,
mm
0.30
0.35
0.41
0.56
0.67

Weight,
gsm
40.3
50.1
61.3
80.2
101.1

Air permeability of LLDPE spunbonded nonwovens was illustrated in Figure 3. It is obvious that increase in the
weight of the nonwovens affect the resistance to air flow positively by increasing the fiber volume within the
nonwoven structure that prevents the air flow from the one side of the nonwoven to another. To produce the lower
weight spunbonded nonwovens, changed machine settings affects the fiber thickness increase finally higher pore
size arises. The best barrier property to air flow was obtained in 100 gsm LLDPE spunbonded nonwoven.
Thickness of nonwovens also affects the air flow that is nonwoven with higher thickness show higher resistance.

Fig. 3: Air permeability of LLDPE spunbonded nonwovens

The resistance to water of nonwoven samples is shown in Figure 4. Hydrostatic pressure in cmH 2O of LLDPE
spunbonded nonwovens shifts positively from lower weight to higher one that makes the nonwoven more
resistance to water pressure. It can be said that 40 gsm, 50 gsm and 60 gsm of LLDPE spunbonded nonwovens
show the similar resistance to water pressure because of the lower or 10 gsm differences between these
nonwovens. On the other hand, resistance to water pressure of 60 gsm is lower than 50 gsm nonwoven but the
difference is low so it can be ignored. When 80 gsm and 100 gsm nonwovens hydrostatic pressure are taken into
consideration, these are also similar resistance and higher than that of three ones. Thickness and weight of the
nonwovens are related to each other that make the nonwoven more compact and have lower pore size. Under the
pressure, water can easily come out to the surface of the nonwoven with higher pore size. Statistical analysis
results were shown in Table 3.

Fig. 4: Hydrostatic pressure of LLDPE spunbonded nonwovens
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According to the analysis of variance results, the effect of weight on air permeability was found to be statistically
significant with p<0.001. Analysis explains about 97.8 % of the variability in air permeability for all nonwovens.
Besides, weight has also statistically significant (p<0.001) effect on hydrostatic pressure and adjusted R2 was
determined as 94% with the very high value.
Tab. 3: Analysis of variance of LLDPE spunbonded nonwovens with different weight
Type III Sum of
df
Squares
Corrected Air permeability
2890140.933a
4
Model
Hidrostatic pressure
270.867b
4
Intercept Air permeability
16159584.067
1
Hidrostatic pressure
6784.067
1
Weight
Air permeability
2890140.933
4
Hidrostatic pressure
270.867
4
Error
Air permeability
45614.000 10
Hidrostatic pressure
12.167 10
Total
Air permeability
19095339.000 15
Hidrostatic pressure
7067.100 15
Corrected Air permeability
2935754.933 14
Total
Hidrostatic pressure
283.033 14
a. R Squared = 0.984 (Adjusted R Squared = 0.978)
b. R Squared = 0.957 (Adjusted R Squared = 0.940)
Source

Dependent Variable

Mean Square

F

722535.233
67.717
16159584.067
6784.067
722535.233
67.717
4561.400
1.217

158.402
55.658
3542.681
5575.945
158.402
55.658

Sig.
.000
.000
.000
.000
.000
.000

Partial Eta
Squared
.984
.957
.997
.998
.984
.957

Table 4 displays the Tukey HSD multiple comparison results of LLDPE spunbonded nonwovens. It can be said that
there is no difference between of air permeability of 80 gsm and 100 gsm nonwovens. From 100 gsm to 40 gsm
nonwovens air permeability increases. The highest air permeability was obtained from 40 gsm nonwoven with high
pore size. In Table 5, Tukey HSD multiple comparison results show that there is no such difference between
40 gsm, 50 gsm and 60 gsm nonwovens for hydostatic pressure. Likewise, 80 gsm and 100 gsm nonwovens were
found as the same.
Tab. 4: Tukey HSD multiple comparison for air permeability
Subset
Weight,
gsm
1
2
3
100
548.33
80
587.67
60
997.00
50
1390.00
40
Sig.
.949
1.000
1.000
The error term is Mean Square(Error) = 4561.400.
Uses Harmonic Mean Sample Size = 3.000.
Alpha = 0.05.

4

1666.67
1.000

Tab. 5: Tukey HSD multiple comparison for hydrostatic pressure
Subset
Weight,
gsm
1
2
40
17.033
60
17.833
50
18.600
80
26.233
100
26.633
Sig.
.454
.991
The error term is Mean Square(Error) = 1.217.
Uses Harmonic Mean Sample Size = 3.000.
Alpha = 0.05.
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V. Conclusions
As a conclusion, LLDPE spunbonded nonwovens are easily used with an alternative to the PP spunbonded
nonwovens when required properties obtained according to the application areas. In medical sector, when talking
about the surgical clothes these nonwovens can be used with softer fabric properties which makes it more
comfortable especially than PP spunbonded nonwoven. With optimum machine settings, LLDPE spunbonded
nonwovens can be easily produced. This study was evaluated the barrier properties of LLDPE spunbonded
nonwovens against air flow and water pressure. Thus, five weight types of spunbonded nonwovens were produced
as one layer. Results showed the effect of the weight on air permeability and hydrostatic pressure was found to be
statistically significant.
For the further study, it is planned to investigate on the LLDPE spunbonded nonwovens with LLDPE film coating at
different production parameters. Besides, PP spunbonded nonwovens with LLDPE film coating will be also
manufactured in order to compare the properties.
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Abstract

With the changes in consumer demand, the need of new products was appeared in textile industry. This requirement caused the
development of different types of yarns produced with new techniques by use of different kinds of fibres. Developed new raw
materials and technologies have opened up new horizons in textile industry. Core-spun yarns are one of the attractive
developments in this area and hence its market share is growing up day by day. Core yarn is the yarn type consisting of
core/sheath structure which combines the advantages of both components in one structure. With increased demand to high
extensibility and comfortability of fabrics, soft (elastic) core yarns have been widely used in core-spun yarns according to
desired properties. Elastane fibres are covered with any type of staple fibres to produce elastic fabrics. However, it has been
encountered some problems resulted from recovery features of elastane. To solve this problem, dual-core spun yarns have
been developed. The aim of this study is to research some of yarn and fabric properties of single- and dual-core spun yarns.
Additionally, two types of new elastic core materials were used and the effect of these core filaments on yarn and fabric
properties were analysed.
Keywords: Core-spun yarn, dual-core yarn, elastic yarn, elastane, PBT, X55, technical yarn

I. Introduction
Core-spun is a kind of yarn consisting of two components named as core and sheath parts. The principle of
core-spun yarn is the placement of continuous core yarn into the yarn center and covering the core material with
the staple fibres. Thus, core spun yarn production technology makes the possible to benefit two types of material in
the same structure. Due to its multi-functional performance, core-spun yarns are also named as composite or
hybrid yarns. Different types of materials can be used as a core and sheath depending on the desired end uses.
For example Kevlar, Nomex, polyester, poliamid filaments called as hard core and spandex, elastane, Lycra named
as soft core have common usage for the core material while natural and synthetic staple fibres have been selected
as sheat or covering fibres. Therefore, core-spun yarns have ability to improve the strength, aesthetic, durability
and functional properties of fabrics. In these yarns, the sheath part affects surface physical and aesthetic
properties, while the core part improves the mechanical properties of yarn such as strength, stretch and also
imparts functional properties such as conductivity. Today, there is a great deal of interest to core-spun yarns due to
the enhancement of functional properties such as strength, durability, stretch and comfort to the fabrics. The
technique for the production of core-spun yarn is very simple. Core-spun yarns have been produced successfully
by many spinning systems such as ring, rotor, friction, and air-jet. However, ring and friction spinning systems are
mostly used.
On the other hand, elastic core spun yarns find application in the production of elastic fabrics for sports, industrial
and household threads, medical textile products, industrial fabrics. Many studies have been performed the analysis
of core-spun yarn and fabric properties (Babaarslan and Tüzün, 2000; Babaarslan, 2001; Vuruşkan, 2010; Das and
Chakraborty, 2013) and the effect of the various parameters on yarn and fabric properties such as elastane draft
(Su and Yan, 2004; Dhouib et al., 2006; Vuruşkan, 2010; Das and Chakraborty, 2013; Helali et al., 2013; Qadir et
al., 2014), twist (Vuruşkan, 2010; Das and Chakraborty, 2013), elastane fineness (Dhouib et al., 2006; Örtlek and
Ülkü, 2007; Vuruşkan, 2010; Das and Chakraborty, 2013), yarn count (Helali et al., 2013) in this ﬁeld. Nowadays, a
new type of core spun yarn called as dual-core spun has been developed in order to improve the core-spun yarn
properties. Dual-core spun yarns are comprised of two core filaments such as PET+Elastane or PA+Elastane
(Zhang, Xue and Wang, 2006) and both core filaments are covered with the sheath fibres. The yarns can be
produced on the ring spinning machine with an addition for the feeding of the second core material. Therefore,
principle of the core and dual core-spun yarns are based on similar yarn production technology. Core-spun yarns
have been used for many years, however, textile producers and researchers have newly focused on dual-core
spun yarns. Therefore, there are limited studies about the dual-core spun yarns (Ertaş et al., 2015; Kılıç, 2017;
Tantawy et al., 2017).
On the other hand, besides the traditional elastic fibres, new research has focused on the elastic fibres such as
PBT, PTT, T400 etc. There is an interest to blend these fibres with other fibres during the core-spun yarn spinning
to enhance the physical characteristics of the yarn and hence of the resulting fabric. In this paper, it was aimed to
analyse some of yarn and fabric properties of core and dual-core spun yarns. Additionally, in the study, two types of
core materials were used and the effect of X55+Elastane and PBT+Elastane core yarns on yarn properties and
also mechanical properties and flexural rigidity of fabrics were studied.

248

1

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

II. Experimental Set-up and Procedure
In this study, it was produced single- and dual-core spun yarns having Ne 20/1 yarn fineness on Merlin
conventional ring spinning machine. Cotton-tencel fibre blend (50%-50%) was used as a sheath part of the singleand dual-core spun yarns. As a core material, elastane filament was selected for single-core spun yarn production
having 40 denier and 70 denier linear densities while X55+Elastane and PBT+Elastane filaments were used for
dual-core spun yarns. Finenesses were 50 denier for X55 and PBT filaments, and 70 denier for Elastane. Elastane
fiber, one of the most important thermo-plastic elastomeric fibers being commercially produced worldwide, is made
with long chain synthetic polymers comprised of mostly segmented polyurethanes (Hu, Lu and Zhu, 2008). PBT
(polybutylene terephthalate) is a textured polyester filament yarn with chemical structure that enable permanent
elastic properties (stretch and recovery), which are achieved by the finishing processes (Bijzak et al., 2017). X55 is
a spandex fibre commercialized by Xanadu firm to provide crimp and stretch properties to material. During the
core-spun yarn production, elastane core filaments were fed with a positive feed roller system and were placed to
the yarn center in terms of V-groove guide. Then elastane core filament was covered by cotton-tencel sheath fibres
on the front drafting roller. Similar to single-core spun yarn production, in the dual-core spun yarn spinning,
X55/PBT and elastane were supplied separately under control of a positive feed roller system and send to the
V-grooved guide roller (Fig. 1). And both core materials composed of X55+Elastane or PBT+Elastane filaments
were wrapped by cotton-tencel sheath fibres. The production parameters of both core spun yarns were given in
Tab. 1.

(a)
(b)
Fig. 1. Single- (a) and dual- (b) core spun yarn production

Tab. 1. Production parameters for single- and dual-core spun yarns
Parameters
αe
Spindle speed (rpm)
Total draft
Elastane draft

Core-spun yarn
4.0
11.500
38.7
3.63

Parameters
αe
Spindle speed (rpm)
Total draft
Elastane draft
X55/PBT draft

Dual-core spun yarn
4.0
11.000
50
3.63
1.1

III. Analysis
Single- and dual-core spun yarn samples were conditioned under standard atmospheric conditions of 20±1°C and
65±2% R.H. for 24 h. Seven cops were tested and one test was done on each cops. Yarn evenness and
imperfections was tested on Uster Tester 5 at 400 m/min test speed. Mechanical properties of the yarns were
measured on Uster Tensorapid 4. To analyse the fabric properties, yarn samples were used as a weft yarn and
woven fabrics were produced having plain weave and 30 cm*150 cm dimensions. Fabric strength and breaking
elongation was tested according to EN ISO 13 934-1/1999 on Lloyd LR5K Plus electronic tensile strength machine.
Due to limited fabric sample, tensile properties of woven fabrics were tested for only weft direction. In the study, it
was also obtained knitted samples from the single- and dual-core spun yarns and bursting strength of the fabrics
were tested according to ISO 17025. Three samples were tested for tensile properties of woven and knitted fabrics.
Bending rigidity of the fabric samples was also analysed according to ASTM D 1388-96 test method by WIRA
bending rigidity tester. A specimen is slid at a specified rate in a direction parallel to its long dimension, until its
leading edge projects from the edge of a horizontal surface. The length of the overhang is measured when the tip
of the specimen is depressed under its own mass to the point where the line joining the top to the edge of the
2
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platform makes a 0.924 rad (41.5°) angle with the horizontal. From this measured length, the bending rigidity is
calculated (ASTM, 2002). Three samples of both of warp and weft direction were tested for each fabric and the
average values were calculated. Bending or flexural rigidity for each testing direction was obtained with Eq. 1.
(1)
G =W * c3
G is flexural rigidity (mg.cm) for warp or weft direction, W is the fabric mass per unit area (mg/cm2) and c is bending
length (cm).
Gfabric = (Gwarp * Gweft)1/2 (2)
All the tests were carried out on the same testers and the test results were analysed statistically by SPSS 16.0
statistical software to determine any significant differences.
IV. Results and discussions
Yarn properties
The properties of the single- and dual-core spun yarns are given in Tab. 2. As seen, the yarns having
PBT+Elastane dual core filaments have lower yarn unevenness and thick places while X55+ Elastane dual-core
yarns have lower thin places, neps and hairiness values. In addition, tenacity and breaking elongation values of
X55+Elastane dual core yarns are better than PBT+Elastane dual core yarns. Particularly, the differences of both
core filaments are found statistically significant for yarn unevenness, thin places, hairiness, tenacity and breaking
elongation values (Tab. 3). Therefore, it is concluded that PBT enhances to produce considerably more even yarns
while X55 provides to spin significantly less hairy, stronger and more flexible yarns. This may be due to the fact that
the two core filaments are different materials. X55 is a kind of poliuretane while PBT is a kind of polyester
displaying a character between polyester and poliamid fibres.
On the other hand, when the properties of the single- and dual-core spun yarns are analysed, it is determined that
single-core spun yarns have slightly higher yarn unevenness and imperfections than that of the dual-core spun
yarns. However, hairiness and tenacity values of dual-core spun yarns are worser than that of the single-core spun
yarns. As to breaking elongation results, dual-core spun yarns have higher values than compared with single-core
spun yarns. When the results are analysed statistically, it is determined that there are not statistically significant
differences in single-core and X55+Elastane dual-core yarns for yarn unevenness, imperfections and hairiness.
Therefore, it can be thought that core filament type affects the properties of the yarns. However, the differences in
tensile properties of single- and dual-core spun yarns are at the statistically significant level (Tab. 3).
Tab. 2. Ne 20/1 single- and dual-core spun yarn properties
Yarn type
X55+Elastane (50/70 denier)
PBT+Elastane (50/70 denier)
Elastane (40 denier)
Elastane (70 denier)

CVm
(%)
9.17
8.25
9.37
9.66

Thin places
(-50%)
0
2.92
0
0

Thick places
(+50%)
4.58
2.5
3.33
5

Neps
(+200%)
4.17
5
4.58
6.25

Hairiness
(H)
6.13
7.13
5.87
6

Tenacity
(RKM)
18.52
16.40
20.12
19.93

Elongation
(%)
10.13
08.91
07.29
08.43

Tab. 3. Anova test results of yarn properties
Sample

X55+Elastane

PBT+Elastane
Elastane
(40 denier)

Thick
places
0.204

Hairiness

Tenacity

Elongation

0.000*

Thin
places
0.040*

0.750

0.000*

0.000*

0.001*

0.262

10.000

0.440

0.873

0.122

0.000*

0.000*

0.008*

10.000

0.796

0.428

0.421

0.000*

0.000*

0.000*

0.040*

0.605

0.873

0.000*

0.000*

0.012*

0.000*

0.040*

0.131

0.633

0.000*

0.000*

0.136

0.089

10.000

0.306

0.525

0.438

0.000*

0.147

CVm

PBT+Elastane
Elastane
(40 denier)
Elastane
(70 denier)
Elastane
(40 denier)
Elastane
(70 denier)
Elastane
(70 denier)

Neps

*. The mean difference is significant at the 0.05 level.
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Fabric properties
Some of the fabric properties of single- and dual-core spun yarns are shown in Tab. 4. When the fabric strength
and breaking elongation values of the samples are evaluated, it is determined that the fabrics woven from
X55+Elastane dual core yarns are higher values than that of the fabrics woven from PBT+Elastane dual core yarns.
Better values of the fabrics woven from X55+ Elastane dual core yarns are agreed with tensile properties of the
X55+Elastane dual core yarns. Therefore, it is concluded that the fabrics obtained from X55+Elastane dual core
filaments are stronger and flexible due to their better tensile properties of the X55+Elastane dual core spun yarns.
However, there is no substantial statistically difference in tensile properties of both dual-core spun fabric types (Tab.
5).
When the bursting strength results are analysed, it is encountered different result and fabrics knitted from
PBT+Elastane dual core yarns have considerably higher strength values than that of the X55+Elastane dual core
yarns. Therefore, strength results of the dual-core spun yarns do not coincide with each other. One of the reasons
for this result may be the type of the tested fabric. Another reason may be that core-spun yarns were used only in
the weft direction and also the tensile strength test was carried out only in the weft direction.
Bending resistance is the resistance of a certain size of textile sample to bending under its own weight and one of
the parameter symbolizing the fabric comfort. In the study, bending rigidity of the fabrics was tested for warp and
weft direction and calculated for fabric. As seen in Tab. 4, the fabrics woven from X55+Elastane dual core yarns
have higher rigidity values compared with that of the X55+Elastane dual core yarns. Therefore, the fabrics having
X55+Elastane dual core yarns are stiffer than PBT+Elastane dual core yarns.
Tab. 4. The properties of the fabrics obtained from Ne 20/1 single- and dual-core spun yarns
Yarn type
X55+Elastane (50/70 denier)
PBT+Elastane (50/70 denier)
Elastane (40 denier)
Elastane (70 denier)

Fabric
strength
(N)
376
337
366
246

Breaking
elongation
(%)
30.48
26.12
18.99
24.23

Bursting
strength
(kPa)
348.01
471.19
521.33
421.67

Bending rigidity (mg.cm)
Weft

Warp

Fabric

213.30
107.27
110.42
197.98

424.25
286.14
228.67
341.11

300.82
175.20
158.90
259.87

Tab. 5. Anova test results of fabric properties
Sample
X55+Elastane
PBT+Elastane
Elastane(40 denier)

PBT+Elastane
Elastane (40 denier)
Elastane (70 denier)
Elastane (40 denier)
Elastane (70 denier)
Elastane (70 denier)

Breaking
strength
0.121
0.658
0.000*
0.238
0.004*
0.001*

Elongation
0.070
0.001*
0.017*
0.009*
0.391
0.036*

Bursthing
strength
0.002*
0.000*
0.024*
0.094
0.098
0.005

*. The mean difference is significant at the 0.05 level.

When the single-core spun fabric properties are analysed, breaking strength, bursting strength and elongation
values of the single-core spun yarns change depending on elastane fineness. Finer core filament provides higher
strength and lower breaking elongation values than all of the dual-core spun yarns. Better fabric strength values of
single-core spun yarns are agreed with the yarn strength. On the other hand, regarding bending rigidity, the values
of single-core spun yarns also change depending on core filament fineness. In particular, coarser core filament
lead to similar rigidity values with dual-core spun yarns having X55+Elastane core filaments. However, single-core
spun yarns provide lower rigidity values than the fabrics woven from dual-core spun yarns and other single-core
spun yarns.
V. Conclusions
In this study, it is presented the findings about some of yarn and fabric properties of dual-core spun yarns which is
newly developed core-spun yarn type. Additionally, new elastic fibres such as PBT and X55 were used in dual-core
spun yarn production and thus the effect of these materials on yarn and fabric properties is determined. The results
indicated that PBT gives more even yarns while X55 provides to spin less hairy, stronger and more flexible yarns.
Regarding with fabric properties, similar to the yarn properties, X55+Elastane dual core filaments enhances
stronger and flexible, but stiffer woven fabrics. However, X55+Elastane dual core filaments lead to get lower
4
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bursting strength values in knitted fabric structure. In the work, it is also compared the yarn and fabric properties of
single- and dual-core spun yarns. it is determined that dual-core spun yarns have better yarn unevenness,
imperfections and breaking elongation, but worser hairiness and tenacity values of than that of the single-core
spun yarns. However, when the some of the fabric properties are compared, in particular, core filament fineness of
single-core spun yarns has more influence on the results. Finer core filament provides higher strength and lower
breaking elongation and bending rigidity values than all of the dual-core spun yarns. At the end of the study, it is
believed that detail studies should be realized to understand the structure, properties and production parameters of
dual-core spun yarns.
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Abstract
In the study, cotton fabric was chemically modified using tannic acid in order to increase its affinity to the
microcapsules having cationic reactive group on their shell structure. Besides, in the study, the effect of the salt
(NaCl) addition on the amount of the microcapsules taken by the untreated fabric and tannic acid modified fabric
was investigated. Microcapsules have poly(methyl methacrylate-co- methacrylamide) shell and n-dodecanol core
and offer latent heat storage/releasing property. These microcapsules with amino groups on their shell structure
were applied to modified cotton fabrics using exhaustion and padding methods in sequence. Before application,
microcapsules were dispersed in distilled water containing nonionic surface active material using ultrasonic
homogenizer. Then, the fabrics modified with tannic acid and untreated one were exhausted with this bath. To
investigate addition of salt on exhaustion of microcapsules some fabric samples were exhausted by flotte
containing salt. After that, the fabrics were impregnated with this bath in which a cross-linker and a catalyst was
added, and dried and cured to bind microcapsules on the fabric. The treated fabrics were characterized by FT-IR
(Fourier-transform infrared) spectroscopy, SEM (scanning electron microscope) and DSC (differential scanning
calorimetry) analysis methods, and T-History (Thermal History) test.
Keywords: Microcapsules, tannic acid, cotton fabric, latent heat storage

I. Introduction
Cationic molecules have low affinity to cellulosic fibers because of less carboxyl end groups of cellulose except
anionic carboxylate groups generated due to excessive oxidation. According to the literature, cellulosic fabrics are
usually modified with anionic natural or synthetic compounds during cationic dyeing or any pretreatment before
dyeing. Tannic acid is commercial anionic phenolic compound and has hydroxyl end groups. According to the
literature, the cotton fabrics pretreated with tannic acid has acidic functional groups with anionic character such as
carboxylic, lactonic and phenolic groups in acidic baths (Bouatay vd, 2014; Ontiveros-Ortega, vd, 1998). Based on
this information, in this study, cotton cellulose was modified chemically by tannic acid before microcapsule
application. The aim was to increase the affinity of the microcapsules having positive reactive groups on their shell
to the negative charge cellulosic fibers. For this aim, microcapsules were applied to the untreated and fabrics
treated with tannic acid. In the study, it was also investigated the effect of the salt presence in the flotte on the
amount of the microcapsules taken by the fabrics. The thermal properties of the treated fabrics such as latent heat
storage capacity and thermoregulating property were investigated.
II. Experimental Set-up and Procedure
Material
In the study, a undyed, scoured and bleached plain knitted 100 % cotton fabric (19 courses per cm and 13 wales
per cm) with the weight of 218 g/m2 was used for microcapsule application.
The microcapsules applied to the fabric had poly(methyl methacrylate-co- methacrylamide) shell and n-dodecanol
core. They had cationic reactive group on their shell structure due to the presence of the methacrylamide monomer.
Microcapsules had latent heat storage property because of n-dodecanol core which was a kind of the phase
change material. They were produced by using emulsion polymerization method. According to the DSC analysis,
microcapsules storaged 155 j/g latent heat at 19 °C and released 150 j/g at 18 °C. According to TGA analysis
results, it was determined that the initial degradation in microcapsule shell started at 130 ° C (Özkayalar and
Alay-Aksoy, 2018). The other auxiliary substances used in the microcapsule application to the fabric and the fabric
codes were given in Table 1.
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Table 1. Auxiliary chemistries and quantities used in microcapsule application.
Fabric sample

Tannic acid

Electrolyte

(TA)

(NaCl)

Microcapsule

Crosslinker

Catalyst

(from
BASF)

Fabric 1-Treated TA

Treated

-

Poly(MMA-ko

Fabric 2-Treated TA-Salt

Treated

%1

MAA) shell and

Fabric 3-Untreated-Salt

Untreated

n-dodecanol core

%1

Fixapret
resin ECO

10 %

10 %

MgCl2
2.5 %

Chemical modification of the fabrics by tannic acid
Some of the fabric specimens were treated with tannic acid prior to microcapsule application to assess the effect of
tannic acid on the amount of microcapsule uptake by means of increasing the anionic character of the fabric
surface. Taking into account the findings in the literature, the tannic acid concentration was adjusted so that the
fabric / tannic acid ratio (by weight) was 1 / 0.15 and the flotte ratio was determined as 1:40 (Bouatay vd., 2014).
The prepared solution exhausted by the fabrics at 50 °C temperature for 60 minutes in the Gyrowash washing
machine. Then, the remaining solution was impregnated to the fabric in a fulard machine at a speed of 2 m / min
under pressure of 2 bar. The pick up values (%) of the fabrics were approximately 90%. The prepared fabrics were
allowed to dry at room temperature.
Microcapsule application to the fabrics
Prior to microcapsule application, microcapsules at 10% concentration and Triton X (emulsifier) 1% concentration
were mixed into distilled water. In the application where the effect of salt addition to the microcapsule intake
amount was investigated, salt at a rate of 1% was added in this mixture. The mixture was homogenized for 4 h in
an ultrasonic homogenizer (Bandaline Sonuplus UV 2200) to ensure homogeneous distribution of the
microcapsules in water (Figure 1).

Figure 1. Ultrasonik homogenization of microcapsules in distilled water.

The prepared mixture was applied to the fabrics at 60 °C for 60 minutes in a Gryowash washing machine by
exhaustion method. Then, 10% crosslinker and 2.5% catalyst were added into the remaining flotte. After the flotte
was homogenized for 15 minutes by ultrasonic homogenizator, was impregnated to the pretreated fabrics at a
speed of 2 m/min and a pressure of 2 bar in the fulard. The fabric application process steps were given in Table 2.
Table 2. The fabric application process steps
Fabric samples
Fabric 1-Treated TA
Fabric 2-Treated TA-Salt
Fabric 3-Untreated-Salt

254

Preperation
of
Microcapsule solution
Microcapsule and Triton
X 100
Microcapsule,Triton X
100 and NaCl
Microcapsule,Triton X
100 and NaCl

Exhaustion to the
fabrics
60° C for 60
minutes

2

Padding to the fabric
2 bar pressure and
2 m/min. speed

Fixation
of
the
treated fabrics
Drying at 75 °C for 5
minutes
and
at
110 °C for 1 minute
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III. Analysis
The treated fabrics were characterized by SEM microscop, FT-IR spectroscopy, DSC analysis methods. The
thermoregulating property of the fabrics was investigated by T-History test. The presence of the microcapsule on
the fabrics was examined by scanning electron microscope (SEM, LEO 440 COMPUTER CONTROLLED
DIGITAL) analysis. The phase transition temperatures and heat storage/releasing capacities of the microcapsule
applied fabrics were determined using differential scanning calorimetry (DSC, Perkin-Elmer Jade). The DSC
measurements were performed at under a constant stream of nitrogen with flow rate of 60 ml/min, at heating rate of
1 °C/min between the -5 °C and 80 °C. The chemical structure of the fabrics was analysed using FT-IR analysis.
The spectroscopic analysis was performed on KBr disks, between 4000 and 400 cm -1. The number of scans and
resolution was adjusted as 16 and 4 cm -1 during FT-IR analysis, respectively.
T-history test of the fabrics: Textiles containing microencapsulated phase change material have thermo-regulation
effect resulting from the latent heat absorbed and released by the phase change material. In this study, the thermal
history (T-history) system was used to measure the thermo-regulation property of the microcapsule applied fabrics.
This system was composed of a thermal camera (Fluke Ti100 Thermal Imager) used to measure the surface
temperature of the fabric, a temperature sensor used to measure the temperature of air enclosure, a data-logger
(Ahlborn MA25903S Data-logger), and an insulated polyurethane box (air enclosure). The fabric and thermal
camera were placed in the box during measurements. The temperature of the box was controlled by a thermostat
that was connected to a 40 watt lamp which provides the heat. The emission value of the thermal camera was
adjusted 0.94 during measurements. The temperature on the fabric was recorded in each 30 seconds. Before
measurements, both of reference and sample fabrics were conditioned below the crystallization temperature (at
4 °C) of the microencapsulated n-dodecanol in order to solidify n-dodecanol. Evaluation of thermal history results
was carried out by comparing the temperature values measured on the microcapsule applied fabric and untreated
reference fabric, in heated air enclosure.
IV. Results and discussions
FT-IR analysis results
FT-IR spectra of fabrics and microcapsule were presented in Figure 2. As seen in the Figure 2, the peaks at 2924
cm-1 and 2854 cm-1 in the spectra of the fabrics were characteristic C-H peaks of the n-dodecanol. The peaks at
around 1729-1731 cm-1 in the spectra of the microcapsule applied cellulose fabrics were characteristic carbonyl
(C=O) peak of the microcapsule shell polymer. Additionaly, the peak of the characterstic ester carbonyl group
(1728 cm -1) which confirmed the esterification reaction between the cellulose and tannic acid was overlap with the
carbonyl peaks of microcapsule shell, in the spectra of the tannic acid applied fabrics.The presence of all these
peaks is the proof the microcapsule presence in the fabric structure.

Figure 2. FT-IR spectra of the microcapsule (a); Fabric 1-Treated TA (b); Fabric 2-Treated TA-Salt (c); and Fabric
3-Untreated-Salt (d)
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DSC analysis results

Thermal properties of the fabrics treated with microcapsules were studied using DSC curves presented in Figure 3.
The energy storage and release capacity and phase change temperatures of the fabrics obtained from DSC curves
were given in Table 3. According to the measurements, the melting and crystallization temperatures were 19.29
and 15.65°C for the Fabric 1-Treated TA fabrics respectively. The phase change temperature of the Fabric
2-Treated TA-Salt and Fabric 3-Untreated-Salt fabrics were 18.22 °C and 18.78 °C for melting and 8.16°C and,
14.97 °C for crystallization, respectively. The phase change characteristics of the fabrics were different to that of
microencapsulated n-dodecanol, especially for the Fabric 2-Treated TA-Salt fabric. It was also seen from Table 3,
that the melting and crystallization latent heats were measured as 14.86 and -16.64 J/g for the Fabric 1-Treated TA
fabrics, 5.79 and -8.47 J/g for the Fabric 2-Treated TA-Salt fabric, 14.50 and -16.51 J/g for the Fabric
3-Untreated-Salt fabric.. According to the DSC results, Fabric 1-Treated TA and Fabric 3-Untreated-Salt 3, were
found as promising thermal energy storage materials for textile applications.

Fabric 1-Treated TA

Fabric 2-Treated TA-Salt

Fabric 3-Untreated-Salt
Figure 3. DSC curves of the microcapsule applied fabrics at different application conditions.
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Table 3.Thermal properties of the materials measured by DSC analysis
Melting
Melting
Crytallization
Crytallization Enthalpy
Fabrics
Enthalpy
Temperature
Temperature
(J/g)
(J/g)
(°C)
(°C)
Fabric 1-Treated TA
14.86
19.29
15.65
-16.64
Fabric 2-Treated TA-Salt
5.79
18.22
8.16
-8.47
Fabric 3-Untreated-Salt
14.50
18.78
14.97
-16.51
SEM analysis results

Figure 4 shows the SEM photographs of the poly(methyl methacrylate-co-methacrylamide)/n-dodecanol
microcapsule-treated fabrics. According to the images, microcapsules in the treated samples were mainly located
at the spaces between fibers, and on the fiber surface. However, the cluster of microcapsule on the fabric structure
was remarkable. In addition, a pronounced fiber deformation was observed on the “Fabric 2-Treated TA-Salt”
coded sample.

Fabric 1-Treated TA

Fabric 2-Treated TA-Salt

Fabric 3-Untreated-Salt
Figure 4. SEM images of the fabrics

T-history test results
Cooling effect of the fabric containing microencapsulated n-dodecanol was detected by T-history measurements.
This cooling effect results from heat absorption of microcapsules on the fabric during melting process of the
n-dodecanol. To determine it, the treated and untreated fabrics firstly were conditioned at a low-temperature (4 °C)
and then placed in heated box (40 °C± 2). The temperature on the fabrics was recorded every 30 s in the heated
measurement box. In the beginning, the temperature inside box (air enclosure) decreased because of the cold
fabrics placed in. Additionally, the first temperature recorded on the fabrics was measured higher than 4 °C due to
losing time during the placement of the fabrics into the box. According to the Figures 5, the temperature measured
5
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on the treated fabric was always lower than that of the reference sample during all the measurement times, which
showed thermo-regulation effect of the microcapsule applied fabrics. The maximum temperature difference
reached up to almost 3 °C and 4°C depending on enthalpy values measured by DSC values. It has been
determined that the fabrics with higher enthalpy values exhibited higher temperature differences.

Figure 5. Thermal History test results of the fabrics (test repeat 1(a) and test repeat 2(b)).
V. Conclusions
The aim of the study was to develop the suitable microcapsule application method which provides to increase the
amount of microcapsule added on the cotton fabric. For this aim, it was investigated chemical modicifacion of the
cellulose by tannic acid before microcapsule application. Additionaly, the effect of the salt addition in the flotte
during microcapsule application was studied. According to the SEM analysis and DSC measurements the tannic
acid modification of the cotton cellulose increased the amount of the microcapsules added on the fabric. Likewise,
the salt addition to the flotte increased the amount of the microcapsules incorporated to the fabric. Similar fabric
thermal properties were obtained using both of application methods.
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Abstract

Companies that are actively working in the apparel field have to produce high quality products in short time and
with affordable prices to save their own competitiveness. In the process of the production in apparel field, the first
important thing under the quality title is checking the fabrics when just receive them. The fabric inspection process
is up to operator’s observation, marking and report preparation. “The Smart Fabric Inspection Machine (SFIM)” that
make the fabric inspection process (the first link of quality control process) less dependent to operators and presents
innovative solutions.
In this study, the information about the differences between classic fabric inspection machines and Smart Fabric
Inspection Machines and the advantages of this innovative technology are presented. In addition, the information
about transforming classical machines to the SFIM is presented.
Keywords: Fabric control, Quality control, Fabric inspection machine

I. Introduction
Firms operating in the apparel industry have to produce better quality products in shorter time and at
lower cost in order to maintain their competitive power in international markets.
The foremost of the activities about the quality of a product, fabric control procedures are carried out
during the entrance of the fabrics into the firm. Fabric control process; firstly, depend on a worker and
consists of a process based on the observation, marking and reporting in the control machines.
In a rapidly changing and globalized world, it is observed that the production capacity increases all over
the world while the capacity of consumption does not show a growth parallel to the increase in
production. As a result of this, competition among producers seems to be intensifying day by day. Firms
have to constantly renew and improve themselves in order to survive. Firms that can produce quality
products cheaply, build a service network and constantly improve their products can sustain their assets
(Kaya, 2001).
As the firms compete with the quality levels of the enterprises, the quality level of the enterprises
becomes vital in terms of business (Kaya, 2001).
It is able to control all the factors which may affect the quality of the quality system applied in the apparel
industry which is a labor intensive and dynamic sector. The first ring of the chain in the quality control
processes of the apparel companies is the fabric control processes. Fabric errors account for 85% of
errors in the clothing industry. A trained quality control staff can determine 70% of errors. Automatic fault
detection and classification systems increase production quality; while meeting customer demands at a
higher level, it increases productivity and reduces the costs that come with second quality. The cost of
manually controlling the fabric is considerably higher than that of a labor intensive process. The main
difficulty in automated processing in fabric control is the large number of defect variants (Kısaoğlu,
2006).
Quality inspection of textile fabric products is an important problem for fabric manufacturers (Cho et al.,
2005). Defects in the fabric resulting from the production line or after-production operations which impair
the appearance of the fabric or affect its performance are not accepted by the user and are called 'error'
(Çelik et al., 2012). Fabric defects; (Dülgeroğlu Kısaoğlu, 2010), which affects the appearance of the
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fabric, changes the fabric structure and causes changes in the regional limitations. The specific nature
of the textile industry, the production of the products is controlled at different stages and attempts are
made to correct errors. The detection of defects at different stages of production is of great importance
in terms of providing less false input at the next production stage. Because at the next stages, the cost
of the fault is multiplied (Çelik et al., 2012).
The most common method that has been used for decades for detecting fabric faults is to follow the
fabric moving on the light panel. As a result of the manual fabric control, a subjective evaluation with a
low percentage of repeatability is made. It is difficult to take precautions by classifying and recording
fabric faults and determining the sources of faults. The control process is tedious and time-consuming
and limited when the operator is working efficiently (Sukoglu, 2010). According to the literature, a good
quality control staff can detect only 60-70% of faults and control a fabric up to 2 meters in width (Çelik
et al., 2012).
II. Comparison of The Classical and Smart Fabric Inspection Machines
Fabric inspection operation is a process based on the observation, marking and reporting of the worker.
The classical fabric inspection machines are equipped with following systems:




Batching rollers (back to front)
Edge control photocell
Adjustable opening and batching motors’ speeds (Adjustable fabric tension)

Operator stops machine when the defect is observed while working with classical fabric inspection
machine. The metrical info of defect is read from encoder. Defect is signed with a sticker or a tag and
the operator notes the defect type, defect size and metrical info on a standard printed form (Fig. 1). The
fabric construction, supplier, color and weight are noted as well by the operator. Total metrical info is
measured again during batching process to check.

Fig. 1. The sample of classical fabric inspection form
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" The Smart Fabric Inspection Machines " provides




Entering quality data easily,
Saving quality data,
Transferring quality data to the other devices and / or the other departments.

The electronic devices are added to transform classical fabric inspection machines to Smart Fabric
Inspection Machines for saving quality data. Classical machines can be converted to SFIM by replacing
electronic cards and adding a touchscreen (Fig. 2).

Fig. 2. General view of the smart fabric ınspection machine (SFIM)

The fabric batch information is entered by using touchscreen on SFIM (Fig. 3). The barcode reader and
barcode printer can be added optionally. Thus provides transferring fabric batch information i.e. fabric
and supplier information to data storage automatically and also printing barcodes for following process’s
steps. The software has Turkish and English versions and figures are taken from Turkish version.

Fig. 3. Entry screen of fabric batch info
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Metrical information of defect is transferred by encoder. Operator enters the defect size or dimensions
digitally by using touchscreen (Fig. 4-5). The software includes different defect data libraries. It’s also
possible to update (add or remove) different defect types to the default defect entry screen according to
the fabric types of companies.

Fig. 4. Main screen

Fig. 5. Defect entry screen

The weight load sensors are also added to fabric inspection machines to measure the fabric batch
weight. Thus the fabric batch weight is measured and saved automatically.
It is possible to check and send the fabric inspection reports online (via web interface) (Fig. 6) or offline
(via windows interface) (Fig. 7). Reports can be visible based on fabric batch, order and supplier. In this
way, it is possible to evaluate the fabric and suppliers statistically with the aid of tables and graphs.
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Fig. 6. Table and graphic sample for defect numbers based on order (web interface)

Fig. 7. Table sample for defect numbers based on fabric batch (Windows interface)

III. Results and Discussion
The advantages of Smart Fabric Inspection Machines are given below:



Saving time by quicker data entry
Automatic record of defect metrical info
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Quicker preparation of fabric inspection reports
Easily record and store defects and reports
Providing production standardization by stored faults
Storage of company documents such as forms and reports in digital media, elimination of
stationary expenses
Sharing reports quicker online or offline with all departments and customer companies
Decrease in the need for skilled labor
The elimination of missing - lost inspection forms
Ability to report defects by associating them with fabric suppliers

Especially time saving and production standardization will be provided to develop companies
economically.
IV. Conclusion
Fabric is the first raw material of apparel firms; its costs constitute a large part of the costs for firms.
Fabric costs are %55-60 of total production costs generally (Güner Gücin, 2012). It causes critical
quality problems and financial loses when the fabric quality process is not done properly. SFIM minimize
these problems owing to its advantages such as easy defect record and defect reports storage. The
fabric control process, which constitutes the first ring of the chain in quality control works in apparel
companies, has become less dependent on human beings thanks to SFIM. In addition, quality data can
be stored in digital form, transformed into shareable and statistically reviewable.
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Abstract
With the progress in textile industry, functional products which can use for different purposes, gain importance day by day. One
of the functional smart textile products are electronic textiles or wearable electronics. Wearable electronic textiles can be
defined as the integration of various electronic elements such as sensors, energy harvesting devices, transistors, antennas etc.
into fabrics. One of the main elements for e-textiles is the usage of electrically conductive fibres or yarns to provide the signal
transmission between the garment and other segments such as sensors, actuators, or computer chips, which are embedded
into fabric (Lee et al., 2015). In this study, it was worked on the conformal coating of the cotton fibres to get electrically
conductive as well as flexible material. Cotton fibre is one of the most commonly used textile fibre in textile industry and has the
advantages of being natural fibre and highly hydrophilic. In the study, carbon black particles was selected as conductive
material due to low cost and easy procurable and cotton fibres were coated with carbon black particles. Two-probe
measurement method was used for the yarn conductivity and the changes in yarn tenacity and breaking elongation of the yarns
were also evaluated.
Keywords: Wearable electronics, electronic textiles, conductive yarns, smart textiles, carbon black

I. Introduction
Textile structures that exhibit conductivity or serve an electronic or computational function are named as
electro-textiles. Today, next generation electro-textiles demand the systems directly worn on human body and they
are called as wearable electronics or wearable electronic textiles (Stoppa and Chiolerio, 2014). In recent years,
there has been a great deal of interest to wearable electronic products. Wearable electronics have a variety of
functions and are able to detect environmental stimuli such as temperature change, light, humidity, respond to
these stimuli, store data, and use these data for communication and information purposes. Wearable electronics
now enable the use of a combination of electronic and medical technologies. Clothes equipped with sensors that
monitor vital functions such as respiration, pulse, and body temperature increase the mobility of patients, while
continuous monitoring improves the quality of living for chronic patients and disabilities. High performance active
sportswear increases performance of athletes by tracking body functions such as pulse, breath, body temperature
and values related to activity such as speed, distance, time, calories (Zeng et al., 2014).
Wearable electronic textiles consist of conductive textile surfaces and electronic components. In order to obtain
electrical conductive textile structures, materials like conductive polymers and inks, metals and metal oxide
nanoparticles/nanowires, carbon based micron/nano materials, such as carbon particles (CP), carbon nanotubes
(CNTs), carbon fiber and graphene have been used. On the other hand, various methods are used to provide the
electrical conductivity to textile materials. Among these methods, the most common of them are the usage of
metallic wire in a textile construction, the impregnation or coating of conductive materials to the yarns/fabrics, and
fibre spinning from conductive polymers. However, these methods have serious problems that are not suitable for
the production of light, flexible and comfortable textile fabrics because of the heavy weight of the conductive
materials, machine damages due to conductive material, not able to spin fibers from every conductive material,
high production cost, low resistance of the conductive textile products to washing and rubbing, not being
enviromental friendly, limited mass production and limited use area etc. (Frutiger et al., 2015; Lee et al., 2015).
On the other hand, there are commercial electronic textile products like WEALTHY and CONTEXT for biological
monitoring–ECG and respiration, MyHeart for monitoring for diagnosing and treatment of medical conditions,
BIOTEX for textile sensing patches to target bodily fluid sensing, PROETEX for emergency disaster intervention
personnel to improve safety, coordination, and efficiency, WearIT@Work for creating wearable interfaces for
various industrial environments, PLACE-it for lightweight, thin and conformable opto-electronic systems
interconnect technology etc. (Stoppa and Chiolerio, 2014). However, there are still need of wearable electronic
textiles systems as an integral part of our everyday clothing serving as intelligent personal assistants. Therefore,
such wearable electronics must conserve their sensing capabilities against under severe mechanical deformation
occured during normal wear. In additon to wearability of electronic textiles, another requirement is to reduce the
rigidity of electronic textiles. Therefore, light-weight, flexible, and conformable electronic textile products should be
developed. Fiber-based wearable electronic systems could be a solution for the realization of the soft, flexible,
deformable, breathable, durable and washable werable electronics. Actually, textile products are composed of
fiber-based structures and used for the production of clothing systems. Fibre-based structures are soft and
1
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deformable, breathable, durable and washable and hence ideal and highly desirable for the platforms of wearable
electronics.
In this paper, it is proposed an alternative method to the mentioned methods for the production of conductive textile
materials. The principle of developed method is based on the imparting the conductivity to the fiber-based structure.
In the method, firstly, a solution is prepared with a conductive material and proper solvent. Following to preparation
process, the conductive solution is applied to the textile fibres and then yarn production is realized by known yarn
spinning systems. Therefore, textile structure is being conductive before the yarn and fabric production. Different
from the present methods such as blending with metallic wires, impregnation or coating, developed method is
believed that imparting the conductivity at the fibre form may protect the porous and flexible structure of textile
material. Contrary to the coating, it is possible to use any types of staple fibres by developed method. In this study,
cotton fibre was selected due to being the most common textile fibre in textile industry and the advantages of being
natural fibre and highly hydrophilic. ın addition to fibre type, there is an oppurtunity to use various conductive
materials and thus present properties of textile material can be improved or new functions can be also gained in
terms of the conductive material type.
II. Experimental Set-up and Procedure
In the study, carbon black powder was purchased from NanoGrafen firm (Turkey) for the conductivity and was
dissolved in ethanol with the help of the mechanical stirrer and ultrasonic bath. During the preparation of
conductive solution, it was given importance to decrease the agglomeration and improve the dispersion of the
carbon black powder. Therefore, different preparation processes based on mixer type and stirring time and also
various concentrations based on the usage of ethanol and carbon black were tried. After the experiments, stirring
time over one hour and the usage of both mixer types were decided as optimum preparation process and carbon
black concentration was fixed at 0.5%, 0.75% and 1.0%. Following to preparation process, the resulting solutions
were used for conductive spun yarn production. Solution was fed to the fibre bundle. Ne 16 yarns were spun from
cotton fibre rovings on Rieter G10 conventional ring spinning machine. Roving fineness was Ne 0.81, spindle
speed was 5500 rpm and twist coefficient (αe) was 3.6.
III. Analysis
In the study, electrical resistance of the produced yarns was determined by AATCC Test Method of 84-2005.
Electrical resistance is the physical property of a material which is a measure of the ability of electrons to flow
through it when a voltage is applied across two points on the material (AATCC, 2005). Electrical resistance is one
of the principal characteristics of any material and characterizing the material ability to conduct electrical current
(Šafářová and Militký, 2012). The inverse of the conductivity is called resistivity. According to AATCC test method,
specimens of yarn are conditioned at specified relative humidity and temperature. The electrical resistance of the
yarn held between two electrodes is measured by the use of an electrical resistance meter. Electrical resistance
meter has two probes and thus the method is also called as two probe method (Fig. 1a). Two electrodes/probes are
often utilized when measuring the resistivity of a material sample. Yarn samples are placed in firm contact with the
electrodes/probes with the direction of the yarn perpendicular to the adjacent edges of the electrodes/probes.
Tension is applied to the probes to hold the strands straight. It is allowed the current to pass through the sample for
a minimum period of 1 min and until a constant reading is obtained. To determine the uniformity of resistance along
a single end of yarn, at least, 10 measurements should be done on the single strands. The results are expressed as
resistance per unit of length per yarn strand, ohms per measured length (10 mm etc.). In this study, resistance
between the yarn ends was also tested by Digital multimeter. However, it was met serious problems during the
measurement. One of the problems was that resistance values changed depending on the tension applied by the
user to the probes. Another one was that the probes did not contact the yarn exactly. Therefore, accurate, precise
and stable measurements could not be realized. In order to obtain accurate values, two probe method was
modified. In modified two probe method, probes were passed through an arm to fix the probes during the
measurement and thus it was possible to contact the probes with the yarn directly (Fig. 1b). With the developed
method, there is not a need of user and tension application during the measurement. Samples were air-conditioned
and measurement was carried out at 65% RH, 20°C. Resistance of samples were measured at 4 cm distances
between the ends of the yarn samples. In the study, 20 measurements were realized for each concentrations and
mean values were calculated to express the electric resistivity of samples.
In addition to electrical resistance of the yarns, yarn images were taken to detect the presence of conductive
material in the yarn structure. Furthermore, the distribution of the carbon black particle was also observed.
Scanning Electron Microscopy was used to analyse the morphological characteristics of the yarns.
Tensile properties were also tested to determine the effect of conductive material on the yarns. Strength and
breaking elongation properties of the conductive yarn samples having carbon black particles were tested by Llyod
LR5K Plus electronic tensile tester at under standard atmospheric conditions (20 ºC and 65 RH %). Standard test
method of ASTM D 2256 was followed and gauge length and the crosshead rate was 500 mm of 500 mm/min,
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respectively. Ten samples were tested and the average values were calculated as breaking strength and
elongation of the samples. Test results were analysed statistically by SPSS 16.0 statistical software to determine
any significant differences.

(a)

(b)

Fig. 1. Schematic illustiration of two probe method (a) (Rebouillat and Lyons, 2011) and
modified two probe method (b)

IV. Results and discussions
Yarn apparences
SEM images of the yarns produced with developed method are given in Fig. 2. According to the images, it is easily
seen carbon black particles on the fibre surfaces. Carbon black particles distribute along the fibre length.

Fig. 2. SEM images of the yarn having conductive carbon black particles
(magnification 531x and 1263x)

Electrical resistance
In the study, firstly, it was focused on the success of the method for imparting conductivity to the yarns and also
capability of the method for the conductive yarn production. Therefore, it was aimed to detect the electrical
conductivity on the yarns with the modified two probe method. After the yarn production with developed method,
electrical resistivity property of the yarns was measured and electrical resistance values were determined on the
yarns. The results for 0.5%, 0.75% and 1.0% concentrations are given in Tab. 1. As known, electrical conductivity
increases as the electrical resistance decreases. Therefore, produced yarns have certain amounts electrical
conductivity changed between 11-0.7 kΩ. For higher conductivity, lower resistance values are required. As seen in
Tab. 1, resistance values of the yarns are getting lower as the concentration increases. In particular, there is
considerable reduction when the concentration is raised from 0.5% to 0.75%. Thus, conductivity of the yarns
improves as the amount of carbon black (CB) particles is increased. The highest conductivity is obtained at 1.0%
carbon black particle concentration.
Tab. 1. Electrical resistivity of the yarns embedded with CB solutions
0.5%

0.75%

1.0%

Resistance (Ω)

4.481x106

0.913x106

0.295x106

Resistance (Ω/mm)

11.203 x103

2.283 x103

0.738 x103

Tensile properties
Strength and breaking elongation of the yarns are given in Tab. 2. In Tab. 2, 0% concentration represents the
cotton yarn produced without embedding carbon black particles while 0.5%, 0.75% and 1.0% CB indicates the
yarns having carbon black particles. In this part, the changes is strength and breaking elongation values are
3
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calculated by the results of cotton yarn untreated with carbon black particles.
Tab. 2. Tensile properties of the yarns
Tenacity (cN/tex)
16.47

Change (%)

Elongation (%)
9.88

Change (%)

-

0.5% CB

18.96

+ 15.12

8.39

- 15.08

0.75% CB

20.51

+ 24.50

9.45

- 04.33

1.0% CB

19.57

+ 18.82

7.97

- 19.30

0% CB (cotton yarn)

-

Tab. 3. Anova test results of yarn properties
Sig.
Tenacity Breaking elongation
0.5% CB
0.000*
0.000*
Cotton yarn
0.75% CB
0.000*
0.198
1.0% CB
0.000*
0.000*
0.75% CB
0.020*
0.000*
0.5% CB
1.0% CB
0.346
0.198
0.75% CB
1.0% CB
0.148
0.002*
*. The mean difference is significant at the 0.05 level.
Yarn type

As seen, the yarns with conductive carbon black particles are stronger compared with cotton yarns. Tenacity
values of the yarns for all CB concentrations are significantly higher than that of the cotton yarns (Tab. 3). As the
CB concentration increases, tenacity values of the yarns are getting higher up to 0.75%. Beyond 0.75%, tenacity
values decreases of the yarns. In particular, there are statistically significant differences in the results of 0.5% and
0.75% concentrations. As to yarn breaking elongation, the yarns applied CB particles have lower breaking
elongation values than that of the cotton yarns. The effect of CB concentration on breaking elongation of the yarns
is similar to that of the yarn tenacity results. As the CB concentration increases, elongation values firstly increases
from 0.5% to 0.75%. Then breaking elongation of the yarns starts to decrease at the concentration higher than
0.75%. When the values are analysed statistically, 0.5% and 1.0% CB concentrations give statistically similar
breaking elongation values. However, 0.75% CB concentration enhances to obtain similar breaking elongation
property with cotton yarn without CB particles while significantly higher breaking elongation values than other yarns
having CB particles. According to the results, there is a limit CB concentration for tensile properties of the yarns.
The highest yarn strength and lowest loss in breaking elongation is obtained at 0.75% concentration. Anyway, all
the yarns having CB particles have comparable tensile properties with that of the cotton yarns. In particular, the
yarns treated with 0.75% CB concentration have similar breaking elongation values. When the electrical resistance
and tensile properties of the yarns are taken into consideration, it can be concluded that 0.75% concentration value
can be an optimum value.

V. Conclusions
In this study, it was worked on the development of an alternative method for the conductive textile material
production. In the method, textile material having fibre-based structure is being conductive before the yarn and
fabric production and thus porous and flexible structure of textile material is tried to protect. At the end of the
experiments with cotton fibres and conductive carbon black particles, it was determined that the developed method
realizes to produce electrically conductive, stronger and flexible yarns. These findings are a part of preliminary
experiments and the study is still continuing to increase the conductivity and tensile properties of the yarns.
Different types of conductive materials are going to be used and fabric properties such as air permeability, bending
rigidity is going to be investigated. However, the findings indicate the ability for the production of flexible,
deformable and breathable textile structure in terms of the developed method.
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Abstract
Bio-nanofiber membranes obtained from herbal extracts have gained much attention because of various applications such as
healthcare, food, cosmetics, agriculture, environmental protection, and forestry. The importance of natural, biocompatibility,
antibacterial, biodegradable, antioxidant and renewable bio-nanofiber membranes is increasing day by day. In this review, bionanofiber membranes with herbal extracts used in various applications, properties, influences, methods of production and
analysis and usage areas are presented.

Keywords: Herbal Extract, Electrospinning, Bio-Nanofiber, Polymers

I. Introduction
Recently bio-based or biodegradable polymers have used in a variety of applications such as biomedical products,
packaging, and consumer items. Especially biomedical products have contained as tissue engineering, wound
treatment, bioactive packing and drug delivery. Natural biopolymer nanofibers can be fabricated rather easily by
electrospinning. Herbal extract with biopolymers have some advantages because of their properties such as
biodegradable, good mechanical and anti-inflammatory properties, biocompatibility, antibacterial, antioxidant, using
in electrospinning, eco- and body- friendly. Sing (2016). Several studies have seen that the crude plant-based
extracts antimicrobial and/or antioxidants produce from rosemary, grape seed, pine bark extract, ginger, green tea,
pepper, oregano, sage, turmeric, thyme, candeia, olive leaf and hypericum, etc. Bhullar (2015), Pers’in (2017),
Bhullar (2016), Dogan (2016).
II. Herbal Extracts with Polymers
The history of herbal extracts goes back to ancient times. Contemporary science has acknowledged their active
action, and it struggles against illnesses. Afterwards, Herbal extacts have also used in food, perfume, bio-filters,
water purification and cosmetics as well as pharmaceutical industry. Their properties represent with detail in Table
1.
Table 1. Properties of Herbal Exracts
Properties
Herbal Extracts

270

Antioxidant

Antifungal

Antimicrobial

Rosemary
Grape seed
Pine bark
Ginger
Green tea
Pepper
Oregano
Sage

x
x

x

x

Tumeric

x

Thyme
Olive Leaf
Hypericum
Candeia

x
x

Antienflammatory

x
x
x
x
x
x

x

x

x

x

1

x

x
x
x

x

x
x
x
x

x
x
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Herbal extracts can be used with lost of natural and synthetic polymers. Natural polymers are elastin, collagen,
chitosan, gelatin and silk fibroin, etc. Especially silk fibroin (SF) has used in mostly because it has high mechanical
strength, good biocompatibility, good oxygen and water vapor permeability, good biodegradability, and causes
minimal inflammatory. Basal (2016). Synthetic polymers are polylactic acid (PLA), polyglycolic acid(PLGA),
polycaprolactone(PCL), polyvinlalcolhe(PVA), poly (ethylene glycol) (PEG), poly (ethylene oxide) (PEO), poly
(acrylic acid) (PAA), ethyl cellulose(EC) and polylactide-co-glycolide(PLGA), etc. PCL, PLA, and PGLA are used a
lot in bio-nanofiber membranes. PCL is an aliphatic, nontoxic, inexpensive, degradable, highly anisotropic,
viscoelastic, better mechanical properties and superior rheological. Bhular (2015). Similarity, PLA is a thermoplastic,
renewable, sustainable, biocompatibility and can be supplied quick assimilation (Pellis,2016) and PLGA is a
biodegradable and offers superior control compared with degradation. Several researchers have studied herbal
extracts blended in bio-nanofiber membranes. Their studies represent in Table 2.
Table 2. Herbal Extracts Blended in Bio-Nanofiber Membranes

Bio-Nano Fİiber Membranes

Polymers

Herbal Extract

Usage Areas

Reference

Polycaprolactone(PCL) Rosemary

Bioactive Packing for
Healthcare and Food

Bhullar (2015)

Carboxymethyl
cellulose(CMC)

Olive Leaf

Wound Dressing

Pers'in (2017)

Silk Fibrion

Olive Leaf

Drug Delivery, Wound
dressing and Tissue
engineering

Doan (2015)

Polyvinlalcolhe(PVA),
Chitosan

Rosemary

Drug Delivery, Tissue
engineering

Bhullar (2016)

Polyvinlalcolhe(PVA)

Soy Protein

Polylactic Acid(PLA)

Candeia

Drug Delivery, Tissue
engineering
Drug Delivery,
Bioactive Packing for
Food
Drug Delivery,
Cosmetics

Silk Fibrion

Olive Leaf

Drug Delivery

Polycaprolactone(PCL) Centella asiatica

Manotham (2015)
Liu (2013)
Mori (2015)
Basal (2016)

III. Production and Characterization of Bio-Nanofiber Membranes
The production of electrostatic forces to form synthetic fibers has been used for over 100 years. This is named
electrospinning and ultrafine fibers are generated by application of a high voltage source to inject the charge of a
certain polarity into a polymer solution or melt. An electrospinning system is composed of the five components:
high-voltage power supply, heating assembly, syringe pump, temperature controller, and collector (see in Figure 1).
The system has an electrostatic attraction between the oppositely charged liquid and collector and so charges in
the liquid become stronger the leading edge of the solution changes from a rounded meniscus to a cone (the Taylor
cone). The fiber jet lengthens to the atmosphere allowing the solvent to evaporate and material can be lead to the
deposition of solid polymer fibers on the collector. Fibers can be produced from micrometers to nanometers
diameters. Electrospinning process have used in potential applications such as filtration, cosmetic mask, military
protective clothing, nano-sensor, energy-related applications, wound dressings, drug delivery, enzyme
immobilization, and tissue engineering scaffolds. Xiuli (2014), Sill (2008), Nayak (2017).
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Fig 1. Electrospinng Equipment, Nayak (2017)

For characterization of bio-nanofiber membranes, most of the devices could be used. Firstly, scanning electron
microscopy (SEM) should be used because of supplying to examine the surface morphology structure of the
nanofibers. After then Fourier Transform Infrared Spectroscopy (FTIR) has used to analysis of chemical group
functionality and evaluate the conformational changes of polymers before and after loading herbal extracts. In
several studies (Sang (2017), Li (2017)), the atomic and molecular structure of the nanofibers produced by
electrospinning method was analyzed by X-ray diffractometry (XRD). High-Performance Liquid Chromatography
(HPLC) Analysis has used to determine the phenolic content and antioxidant active compound. HPLC can separate,
identify and quantify components dissolved in a liquid solvent with a high analytical resolution. Especially, for
antioxidant properties in herbal extracts, HPLC should be used. Ultraviolet-visible spectrophotometry (UV-VIS)
refers to absorption or reflectance spectroscopy in the ultraviolet-visible spectral region, so it uses light in the visible
and adjacent ranges. It can be provided anion determination using absorption- wavelength. Amount of energy
absorbed or released at different temperatures is of importance in terms of physical and chemical changes. Melting
temperature, the heat of fusion, latent heat of melting, reaction energy and temperature, glass transition temperature,
crystalline phase transition temperature and energy, precipitation energy and temperature, denaturation
temperatures, oxidation induction times, and specific heat or heat capacity have determined by differential scanning
calorimetry (DSC). Anderson (2017).
Antimicrobial activities of bio-nanofiber membranes should be tested to determine whether antimicrobial
microorganism such as Staphylococcus aureus, Escherichia coli, and Candida albicans or similar species are
breeding after electrospinning.In addition, the Minimum inhibitory concentration (MIC) should be used to measure
the bactericidal effect of the herbal extract to be used. Thus, the herbal extract concentration required to inhibit
bacterial growth can be determined. A cytoxiticity test is carried out to determine whether the bio-nanofiber
membrane structure is environmentally friendly. The cytotoxicity test is a biological evaluation and screening test
which could use tissue cells in vitro to observe the cell growth in culture. The toxic or non-toxic effect of the bionanofiber membrane structure obtained by this test on the cells could be determined.
IV.Usage Areas of Nanofiber Membranes
A variety of polymers that include synthetic and natural materials have been successfully electrospun into ultrafine
fibers. The use of electrostatic forces to form ultrafine fibers was traced back to 100 years ago. Nowadays nanofibers
are gained potential uses in diverse fields such as electronics, informatics, defense industry, filtration, aerospace
technologies, composites, filters, biomedical applications etc. (see in detail with Table 3). For bio-based nanofiber,
especially biomedical applications are so important. Biomedical applications contain three main categories such as,
drug delivery systems, wound dressing and tissue engineering. Firstly, in drug delivery systems, there are required
features such as the high loading capacity, high encapsulation efficiency, simultaneous delivery of diverse therapies,
ease of operation, and cost-effectiveness. Drugs have contain in antibiotics and anticancer agents to proteins, DNA,
RNA, living cells, and various growth factors. Xiuli (2014). Secondly, wound dressing should provide effective
oxygen and carbondioxide exchange to aid regenerating cells for rapid healing to the patient and promote epithelial
restoration, remove excess exudates to minimize infection and be biocompatible. Basal (2016). Thirdly, in tissue
engineering applications, including choice of material, fiber orientation, porosity, surface modification and tissue
application are so important. Materials could be both natural and synthetic (biodegradable and nondegradable)
which can provide an optimal combination of mechanical and biomimetic properties. Sill (2008).
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Table 3.Usage Areas of Nanofiber Membranes
Drug Delivery Systems
Biomedical

Skin Cleasing
Cosmetics

Wound Dressing
Tissue Engineering

Usage Areas of Nanofiber Membranes

Air and aerosol
filtration

Drug Skin Threapy
Catalyst and Enzyme Carriers

Water filtration
Filtration

Antimicrobial filters
Salt
separation/desalination
Catalytic filter
Metal ion separation

Higher-efficiency
catalyst carriers
Minimal impedance to
air

Biochemical

Energy
Generation
and
Storage

Enzyme for Biological
Processes
Micro/macro
electronic devices
Electrostatic
dissipation

LCD devices

Thermal

Supercapacitors

Catalyst for chemical
reactions

Electromagnetic
Industrial
Applications(Electronic/Optical) interference shielding
Photovoltaic devices

Piezoelectric
Sensor
Devices

Skin Healing

Military Protection Clothing

Fuel Cells
Photovoltaic Cells

Composite

Lithum İon Battaries
Hydrogen Storage

Trapping aerosols
Anti-bio chemical
gases
Ultra light spacecraft
Agriculture
application
High strenght
production

V. Conclusions
Functionalization and characterization of bio-nanofiber membranes for industrial applications have gained much
attention in the recent twenty years because of environmental and economic benefits. Bio-nanofiber membranes
obtained from herbal extracts have been used a lot of areas such as healthcare (packing, wound dressing, drug
delivery, tissue engineering), food (packing, processing, production), cosmetics, agriculture, environmental
protection and forestry. Mori (2015). Their production, and analysis methods could be improving for various
applications and opening new perspectives day by day.
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Abstract
In this study, fast responding and user-friendly biocompatible, halochromic nanofibrous mat was successfully
produced for the purpose of wound healing monitoring, by using a natural pH-indicator dye extracted from Black
Carrot (Daucus carota ssp. sativus var. atrorubens) and embedded in an alginate (NaAlg) and polyvinyl
alcohol(PVA) mixture solution. The morphological characterization of halochromic nanofibrous mat was examined
by scanning electron microscope. Nanofibrous mats exhibited pink-red colour when exposed to pH 4-6, simulating
the wound-milieu salubrious to the wound healing, and purple-blue colour when exposed to pH 8-10, simulating the
wound-milieu that obstacle wound healing.
Key words: black carrot, pH-sensitive dyes, polyvinyl alcohol, smart textile, sodium alginate, wound dressing
I.Introduction
Colour changing textiles are intelligent textile materials which change colour upon an external stimulus. They are
produced by adding colour changing dyes into the structures of textile materials. There are many mechanisms of
colour change depending on the external stimulus. The most used two chromic applications in textiles are the ones
of colour change by light (photochromism) and colour change by heat (thermochromism). The studies about the
materials which change colour upon the change in acidity (halochromism) are in the beginning stage. The degree
of acidity or pH value is a vital parameter and halochromism is the reversible colour change as a result of pH
change. The usage of halochromic textiles in the determination of acidity of sweat, urine, and coryza is possible.
The pH degree of a wound gives information about its healing property and the pH of the wound leakage changes
according to the healing or worsening of the wound. For this reason, the pursuit of the change of wound pH is of
vital importance in wound healing Talvenmaa (2006), Schueren etal. (2012), Pakolpakçıl (2013), Ferrara and
Bengisu (2014).
In this study, natural pH-indicator anthocyanins which are compatible with human health and environment were
extracted from the plants of black carrot (BC). Nanofibre wound dressings (mats) were produced by electrospining
method by adding this extract in sodium alginate (NaAlg) and polyvinyl alcohol (PVA) mixture solution.
Morphological characteristics of the electrospun PVA/NaAlg/BC nanofibre mats were investigated in terms of
extract concentrations. In order to stabilize the PVA/NaAlg/BC nanofibres, electrospun mats were cross-linked by
glutaraldehyde. Later, PVA/NaAlg/BC nanofiber mats were tested against simulated conditions having different
pHs for the purpose of wound healing monitoring. The morphological appearances of electrospun PVA/NaAlg/BC
mats were observed under scanning electron microscope. It could be concluded that natural pH-indicator dye (BC)
was successfully incorporated into nanofibrous textiles and later the produced structures could be used as
pH-biosensors.
II. Experimental Set-Up and Procedure
Black Carrots (Daucus carota ssp. sativus var. atrorubens) (100g) were smashed by using a domestic blender and
soaked in 500 ml of alcohol solution (80% ethanol+20% pure water) in a magnetic stirrer for 24 h at room
temperature. The liquid was filtered through a filter paper and the remaining solid was extracted two times with 500
ml of fresh solvent. The extract was lyophilized (0.188 mBar pressure and 72 h at -45°C). At the end of the process,
solid extract was dissolved in 100 ml of pure water.
The NaAlg polymer (NaC6H7O6)n which was used for production of nanofibrous mats had a viscosity of 700-900 cp.
It was a commercial product (Cecalgum® S1300) and purchased from Cargill. It was dissolved in distilled water by
mixing on magnetic stirrer at 60°C for 6 h with a concentration of 1% (w/w). PVA polymer (CH 2CHOH)n with Mw
85.000-124.000 g/mol (%87-89 hydrolyze) was obtained from Sigma-Aldrich. It was dissolved in distilled water by
mixing on magnetic stirrer at 80°C for 12 h with a concentration of 12% (w/w). PVA solution with a concentration of
12% and NaAlg solution with a concentration of 1% were blended in the volume ratio of 2/1 PVA/NaAlg. After that
different extract (BC) concentrations were (1-2%) added into the solution.
1
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The pH, conductivity, surface tension and viscosity properties of electrospun solutions were measured. Viscosity
was measured by using a Brookfield RV-DV II viscometer, conductivity and pH were determined by HANNA
HI-98129 pH-meter and surface tension was determined by using Attension Theta surface tensiometer.
Electrospinning of the prepared solutions were carried out by a set-up consisting of a high-voltage DC power
supply. The feed rate of the solution was controlled at about 0.7 ml/h using a syringe pump and a tip-to collector
distance of 12 cm.
To stabilize the PVA/NaAlg/BC nanofibres, electrospun mats were cross-linked by immersing them in acetone
solution of 39.3 ml including 0.5 ml glutaraldehyde (50%) and 0.2 ml hydrochloric acid (37%) at room temperature
for 10 min. The cross-linked nanofibrous mats were neutralized in ethyl alcohol (99.5%) for 5 min. The cross-linked
and neutralized mats were washed with phosphate buffer solution (1%) three times and then dried in an oven at
50°C for 1 h.
The following buffer solutions were used to test the colour schemes of the PVA/NaAlg/RC nanofibrous mats:
sodium acetate (CH3COONa) and acetic acid (CH3COOH) buffer for pH 4–5; sodium phosphate dibasic dehydrate
(Na2HPO4.2H2O) and sodium dihydrogen orthophosphate (NaH 2PO4.2H2O) buffer for pH 6–9; sodium phosphate
dibasic dehydrate (Na2HPO4.2H2O), sodium dihydrogen orthophosphate (NaH2PO4.2H2O) and NaOH buffer for
pH 9–10.
The morphological appearance of electrospun PVA/NaAlg/BC mats was observed under CARL ZEISS EVO 40
scanning electron microscope. The mean diameters of the resultant fibres were calculated from the measurements
of fibre diameters on the images of X 10.000 magnification by using Image J program. 100 measurements were
carried out from the different parts of each sample.
III. Result and discussion
Solution properties are very important for electrospinning process and for nanofiber surface structure. The
properties of the solutions were given in Table 1. As the concentration of black carrot extract added to the
PVA/NaAlg solutions increased, the viscosity gradually decreased. The reason of this is the decrease in PVA /
NaAlg polymer concentration per unit volume after mixing the aqueous extract solutions with the PVA / NaAlg
solution. On the other hand, increases in conductivity of solutions with increasing concentrations of black carrot
extract were observed. It is possible for the conductivity of the solution to increase because of the presence of
calcium, iron, and sodium ions in extract solutions Ramakrishna etal. (2005). The nanofibre surfaces obtained by
electrospinning are affected by the pH of the solutions. When the pH of the solution is basic, smooth and fine
structured nanofibres are obtained. When nanofibres are obtained from acidic solutions, beads are observed due
to the presence of protons Son etal. (2005). After the addition of black carrot extract into PVA/NaAlg solutions, the
pH of the solution slightly decreased. The results of surface tension measurements did not significantly change but
a slight decrease was observed.
Table 1.

Properties of the solutions

Solutions

Viscosity
(cp)

Conductivity
(S/cm)

Surface tension
(mN/m)

pH

2/1 12 %PVA /1% NaAlg
2/1 12 %PVA /1% NaAlg with 1% BC
2/1 12 %PVA /1% NaAlg with 2% BC

880
521.60
348.80

1344
1609
2072

48.48
47.77
48.22

5.62
5.42
5.32

Figures 1-3 illustrate the SEM images and diameter distributions of collected electrospun PVA/NaAlg and
PVA/NaAlg/BC mats with different BC concentrations. Based on these images, mean diameters of fibres, standard
deviation, minimum and maximum values were calculated and they were presented in Table 2.
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(a)

(b)

(c)

Figure 1. SEM image of (a) the electrospun 2/1 12 %PVA /1% NaAlg(X 5.000) (b) the cross-linked electrospun 2/1 12 %PVA
/1% NaAlg (X 5.000) (c) cross-linked electrospun diameter distribution

(a)

(b)

(c)

Figure 2. SEM image of (a) the electrospun 2/1 12 %PVA /1% NaAlg with 1%BC(X 5.000) (b) the cross-linked electrospun 2/1
12 %PVA /1% NaAlg with 1%BC (X 5.000) (c) cross-linked electrospun diameter distribution
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(a)

(b)

(c)

Figure 3. SEM image of (a) the electrospun 2/1 12 %PVA /1% NaAlg with 2%BC(X 5.000) (b) the cross-linked electrospun 2/1
12 %PVA /1% NaAlg with 2%BC (X 5.000) (c) cross-linked electrospun diameter distribution

SEM images (Figure 1) showed that smooth, beadless, uniform and continuous fibres were successfully produced
from PVA/NaAlg polymer solutions. Fibre diameter average (263±80nm) value was a little bit higher than that of the
PVA/NaAlg/RC nanofibers mats because of high viscosity and low conductivity properties of PVA/NaAlg polymer
solutions. It has been found that the fibre diameter distribution was close to the normal distribution and it was
especially distributed between 200-350 nm.
SEM images (Figures 2-3) of the 2/1 12 %PVA /1% NaAlg with 1-2% extract showed that uniform and continuous
fibres with fewer beads were produced. This could stem from the decrease in solution viscosity. When the viscosity
is low, there is low chain complexity and the influence of surface tension forces on the jet during electrospinning is
dominant Ramakrishna etal. (2005). After addition of 1-2% black carrot extract to the PVA / NaAlg solution, the
conductivity values increased as the viscosity values decreased. As a result, fine fibres with smaller diameters (212
nm) were obtained. SEM images showed that the morphology of electrospun nanofibres progressively changed
from a uniform structure to a beaded-like structure as viscosity of blended solutions decreased.
As it was seen from SEM images (Figure 1b, 2b and 3b) of cross-linked nanofibrous mats, the fibres appeared
flattened and bundle structures were obtained so that average fibre diameters increased. In the cross-linking
process, acetal bonds are formed between the aldehyde groups of glutaraldehyde (which was used as crosslinker)
and the hydroxyl groups presented in the structure of polyvinylalcohol and alginate. This flattened structure of
nanofibrous mats could be due to the formation of new crosslinking bonds which leaded to squeeze the
nanofibrous structure Sinda etal (2013). Furthermore, the rapid evaporation of the solvent from the nanofibre
surfaces causes the formation of flattened structure. When a quantity of solvent which is cramped in the fibres
evaporates, the fibres become flat Baji etal (2010). After cross-linking process, it is possible that the flattening may
be due to the compression of the nanofibre structure and due to the new-crosslinking bonds. This could be the
result of the separation of the water molecules presented in the structure. It was observed that the average
diameters of cross-linked electrospun nanofibres increased when the viscosity of the blended solutions decreased.
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PVA/NaAlg and PVA/NaAlg/BC nanofibres

Nanofibrous mats
2/1 12 %PVA /1% NaAlg
cross-linked electrospun
2/1 12 %PVA /1% NaAlg
2/1 12 %PVA /1% NaAlg
with 1% BC
cross-linked electrospun
2/1 12 %PVA /1% NaAlg
with 1% BC
2/1 12 %PVA /1% NaAlg
with 2% BC
cross-linked electrospun
2/1 12 %PVA /1% NaAlg
with 2 %BC

Mean
Diameter(nm)

Std. Deviation

Minimum
(nm)

Maximum
(nm)

242.29

82.74

68.72

416.67

263.08

79.99

104.42

479.66

210.97

39.39

47.14

291.67

212.72

37.21

111.58

293.64

165.03

63.55

63.55

312.63

202.08

43.31

122.21

326.97

The PVA/NaAlg/BC nanofibres took approximately 20 s to develop colour in each pH solution (4-10). The
PVA/NaAlg/BC nanofibre mats exhibited visibly distinguishable colours as seen in Figure 4, especially at pHs of
4-6 and 8-10. When compared with the PVA/NaAlg/BC solutions, the PVA/NaAlg/BC nanofibrous mats exhibited
similar colour patterns .Consequently, the use of the nanofibrous mat as a pH sensor is advantageous and as an
alternative and simple tool for pursuing the wound healing process Schueren etal.(2010), Agarwal etal.(2012),
Devarayan and Kim (2015).

(a)

(b)

Figure 4. The colour schemes of (a) 2/1 12 %PVA /1% NaAlg with 2% BC electrospun solution (b) 2/1 12 %PVA /1% NaAlg with
2% BC nanofibres mats at pH 4-10

IV. Conclusions
This research deals with the preparation of nanofibrous material including a natural halochromic dye (BC) for
detecting changes in wound environments’ pH values. Nanofibrous material was successfully prepared by
electrospinning using a blended solution of sodium alginate (NaAlg) and polyvinyl alcohol (PVA). Uniform and
continuous fibres were obtained from PVA/NaAlg/BC solutions with diameters of 200 to 250 nm. It was clear that
PVA/NaAlg/BC mats exhibited different properties depending on surrounding environment pH value. Generally, it
could be concluded that natural pH-indicator dye (extracted from BC) was successfully incorporated into
nanofibrous mats and later the obtained structures could be used as pH-biosensors.
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Abstract
The rapid progressing of technology has resulted in the development of the field of materials and the increase in diversity. The
use of technical and intelligent textiles, apart from the technical applications, has started to be used in today's clothing, so globally
known fashion designers and companies has provided orientation to technical and smart textiles. The smart clothes, known as
the clothes of the future, has been designed by world-renowned fashion designers, fashion houses and big companies, especially
started to be preferred on stage performances. The aim of this study is design a smart costume with using wearable electronics
for an ice skating show. A smart costume was designed which was as a result of interdisciplinary work, for a stage performance.
As a result of interviews with dancer and choreographer, " Frozen" (Animation movie) was chosen as the theme of the show.
Wearable LEDs, which their trademark are ‘Lilypad’, and an electroluminescent were used and the light emitted by these LEDs
according to movement of the ice skater. Anaccelerometer with 3 axis sensor was used into the costumes. Principally, inclination
angle changes perceived by the sensor is transmitted to the microchip; the signals encoded by the microchip lights LEDs
according to the choreography of performance.
Keywords: Smart Clothes, Costume Design, Smart Costumes, Wearable Electronics, Costumes

I. Introduction
The rapid development of technology has enabled innovations in design in textiles and clothing areas as well as in
every area. With the contribution of interdisciplinary studies, the improvements recorded in the technical and
material fields have resulted in design applications becoming much easier to adapt day by day, and the designers
have increased their expression area. It is envisaged that the integration of technological knowledge into clothing
will form the fashion of the future (Dias, 2015; Hurford, 2009).
Designers need to be original and innovative. They have to constantly improve themselves, follow the technology
closely and know new materials (Pailes Friedman, 2016). Wearable electronics open a new door to fashion in this
context. Wearable electronics that predominantly used for medical, sports and military purposes (Malmivaara, 2009),
have started to be preferred as stage costumes and have also been used in daily clothes owing to the technological
developments. Cutecurcuit's designs are the best examples of the use of wearable electronics in daily clothes. Also
World-renowed fashion designers and brands have use wearable electronics such as Clara Daguin, Ying Gao, Amy
Winters, Vega Zaishi Wang, Hüseyin Çağlayan, Zac Posen, Ezra-Tuba Çetin, Arzu Kaprol, Alexander McQueen,
Sensoree, Popkalab, Marchesa, Moon Berlin, and Philips Design (Seivewright, 2013, Uçar, 2012, Pailes Friedman,
2016). Measuring from the body, communicating with mobile phone, etc. are made possible by wearable electronics.
Through wearable electronics, textile surfaces and therefore clothing can become interactive (Tao, 2005; Koncar,
2016; Loschek, 2009).
The use of wearable electronics with conductive textile surfaces eliminates the use of elements such as cables. It
is possible to use wearable electronics by stitching conductive yarns to clothes or to fabrics (Gould, 2013).
II. Experimental Set-up and Procedure
With the development of technology, the size of wearable electronics has minimized and these electronics have
begun to become user friendly (Catrysse and Pirotte, 2007). The use and assembly of wearable electronics with
clothes has begun to become easier.
In this study, a costume was designed for the ice-skating show, and wearable electronics were used for testing their
applicability.
Design Process:
The general process of a illuminated smart costume design for ice skating show is given in the table below.
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Fig. 1: Design process of smart costume

Before design, semi-structured interview form was applied to the coach and choreographer of ice skating show. The
interview form is a method that developed to ensure all dimensions and questions related to the research problem
are covered. In the semi-structured interview form, the investigator may ask additional questions according to the
answers received. The semi-structured interview technique provides systematic and comparable information to the
investigator as it has certain level of standard and flexibility (Yıldırım ve Şimşek, 2016; Türnüklü, 2000). For this
reason, semi-structured observation form was used in design research. With the semi-structured interview form,
questions were asked about careography of ice skating show and how ice skating clothes shoud be produced.
According to the information obtained, the theme of ice skating show was decided with the choreographer. ‘Frozen’
animated movie was chosen as the theme and a new costume design process for Elsa character was started. ‘Elsa
known as ‘Snow Queen’ and she can transform everyting into ice when she touches. So, Elsa's character and
costume was examined, color palette was determined, sketches for the new design have begun to be made. For
the ice skating show, it is desired to design a smart costume that illuminates on ice. The costume to be produced
was chosen with choreographer among sketches and the function of costume was decided ( Fig. 2).

Fig 2. Selected sketch for costume
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After selecting the costume model, the fabric choices to be used were determined in accordance with the clothing
comfort features expected from the ice skating suit.
The informations obtained from the semi-structured interview form includes that swimwear fabrics are used for the
comfort of the ice skater's apparels, which they are usually produced by stitching skirts on the swimwear for women.
Measures of the ice skating dancer were taken and the prototype was produced according to these measurements,
but two different selected knitted fabrics for the design had different elastic properties. Therefore, correct results
could not be obtained and the costume's patterns were made using the method of draping. (Fig. 3-4-5-6).

Fig 3. Swimwear

Pattern
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Fig. 4. Skirt Pattern

Fig 5. Sleeve Pattern

Fig 6. Cape Pattern

The wearable electronics used in the design have been selected in a way that not to hinder the show of ice skating.
According to the information obtained from the interview form and the determined design properties, it was decided
to use the Lilypad wearable (sewable) LEDs and the electroluminescent wire of the Adafruit brand for the costume.
The accessibility of the materials mentioned in the literature and the practicality of the application have also played
a role in the selection of Lilypad wearable electronics (McCann and Bryson, 2009).
The location of the wearable electronics on the costume was determined to the characteristics of costume model
and the ice-skate clothing comfort. In addition, some figures were planned by using a motion sensor for illuminating
of light according to the choreography.

Werable LED

Electroluminescent Wire

3 Axis Accelerometer

Arduino

Fig. 7. Wearable electronics that are chosen for costume

The 'Lilypad' LEDs were sewn to the skirt area of the costume. 10 LilyPad LEDs were used on the skirt. These
LEDs were divided into two groups; parallel circuits connected to two power supplies. Initially, conductive yarns
were used for stitching the LEDs, but these yarns had caused problems in the circuit. In each light source that
moves away from the power source of the electronic circuit, diminution was seen in comparison with the amount of
power of the previous light. The quality of the conductive thread plays a role here. When the same circuit is installed
with copper wire, equal efficiency is obtained from all LED's.For the solution of this problem, copper wires in 0.8
mm thickness were used and LED's were sewn to skirt on the tulles by using silver plated copper wire. Also,
Swarovski stones were glued to the tulle, so the desired brightness is achieved with copper wires and Swarovski
stones.
Half of the LEDs sewn on the clothes with the conductive yarns were connected to the Lilypad Accelerometer (3
Axis Accelerometer), which blinks at an angle determined according to the dance figures of show by using Arduino.
With Arduino coding, the lights are blinking when the dancer lifts her leg backwards. Electroluminescence wire was
sewed on the costume chest between the tulle and the swimwear fabric. The electroluminescence wire is not
connected to any sensor. It only illuminates using the on-off switch. Two 8 * 3 cm pockets were sewn to the center
of the back of the garment for wearable battery and electroluminescence power supply. The costume is seen in the
Figure 8.
4
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Fig. 8. Costume design with wearable electronics

III. Results and discussions
Wearable electronics are used for years in medicals, sports and military areas and their prevalence is increasing
day by day. Smart clothes are mentioned second skin for the people which have tasks as self-expression, protection,
communication (Pailes-Friedman, 2016). In the literature, it is mentioned studying with wearable electronics much
easier thanks to development of technology and interdisciplinary studies (He et all, 2017; Dias, 2015; Hurford, 2009).
Clothing design with using wearable electronics is possible even at homes without helping by using basic
informations. There are some commentary videos on the internet about them. Many designers, artists, researchers,
scientist and engineers are working on creating these new technologies and applying (Pailes-Friedman, 2016). So,
in this study, wearable electronics were researched and chosen according to their performences and applicability
to designed costume which made by knitted fabric used for swimwear. The weight and dimensions of the wearable
electronics are important for the costume because of comfort of dancer. Material selection has been made taking
into account the fact that the materials are economical and accessible. As indicate in the literature, the efficiency
was obtained from LEDs, Arduino and electroluminescence wire. But used conductive yarns qualities were low. So,
very thin copper wire used for sewing of LEDs on the tulle of skirt. Beside, using very thin copper wire the Swarovski
stones were glued to the tulle, so no copper wires were seen.
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IV. Conclusions
With the increase of interdisciplinary studies, rapid developments in material technologies have made it possible to
produce clothing design with wearable electronics easily even at home with basic technical informations. Wearable
electronics are easy to use and easy to reach at nowadays. It is stated in the literature that wearable electronics will
be the future of clothes. In the starting point of the design this information was investigated and wearable electronics
were examined.
In this study an ice-skating costume design were made by using wearable electronics. For costume, ‘Elsa’ character
was chosen by establishing a connection with ‘ice’ from ‘Frozen’ animation movie. Elsa can transform everyting into
ice when she touches. Wearable electronics were chosen for ice skating dance performance and design features.
Costume pattern was made by draping. After sewing stages of costume, wearable electronics were sewn also. 10
LEDs were sewn to tulle of the skirt with plated copper wire. And half of LEDs were connected Arduino and 3 axis
accelerometer for doing blinks at an angle determined according to the dance figures of show. Electroluminescent
wire was sewn to chest of costume which illuminates using the on-off switch. Two 8 * 3 cm pockets were sewn to
the center of the back of the garment for wearable battery and electroluminescence power supply. So costume
design was made with wearable electronics. As a result, the performance characteristics desired from the costume
have been achieved with the convenience of selected wearable electronics in use. With the developing technology,
use of wearable electronics much easier and common so it is envisaged that by taking into account of literature
informations, smart clothing can be clothing of future.
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Abstract
Carbon fiber reinforced polymer (CFRP) composites are very attractive because of their superior mechanical
properties. So that, they have been widely used in aeronautical, automotive, petroleum, maritime, defence and sport
industries among others. In this study, Carbon fabrics were coated by coupling agent silans with different
concentrations (0.25, 0.5 and 1 wt %) to improve bonding force between the resins and reinforced material. After
coating process, the carbon fabrics have been dried at 60 minutes and 100°C temperature. After that, composite
structures were manufactured by vacuum infusion process with epoxy matrix reinforced with carbon fiber plain
fabrics. The thermal conductivity test of carbon composite materials was performed using P.A. HILTON LTD. H940
device. The specimens were cut into a circle 25 mm in diameter and placed in to the device and tested. The obtained
thermal conductivity test results have been analysed under three main parameter groups as type of amount of
silane.
Keywords: Carbon Fiber, Woven Fabrics, Polymer-Matrix Composites, Thermal Conductivity Properties, Coupling Agents.

1. Introduction
Carbon fiber composites are ideal for applications where strength, stiffness, lower weight, and superior fatigue
properties have critical pre-requisites. Carbon fibers also have good electrical and thermal conductivity, low linear
thermal expansion coefficient. The two main sectors of carbon fiber applications are aerospace and space
engineering. It is also widely used in the automotive industry for body, brake systems and gear making. However,
the requirements of the two sectors are fundamentally different. The maximum performance and fuel efficiency in
the use of carbon fiber in aircraft and space engineering is preliminary and the cost factor and requirements in
production are not critical [1]. The use of carbon fibers in general engineering and transport is subject to cost
constraints, high production rate requirements and generally less critical performance. Carbon fibers have been
produced for thousands of years without being aware of natural cellulosic fibers such as cotton or linen. Thomas
Edison, however, in 1879 deliberately carbonated bamboo fibers in cotton, and later in his search for his
incandescent lamp filament. Interest in carbon fibers has increased again towards the end of the 1950s and carbon
fibers have been tried to be produced by carbonizing synthetic rayon for high temperature resistant missile
applications [2]. The technical and commercial breakthrough for high-performance carbon fibers started at the end
of the 1960s after the start of the PAN process. It was found that the carbon fibers produced by the PAN process
are more economical than the conventional production methods of rayon, and the carbon yield is 50% higher. PANbased fibers have superior physical properties compared to rayon bases. PAN fibers are now regarded as the most
important precursors for the production of high strength carbon fibers. Subsequently, carbon fibers were produced
from pitch, a very inexpensive precursor. The properties of pitch carbon fibers are generally lower than that of PAN
carbon fibers [3]. The carbon fibers are in the density of 1.6 - 2.2 g / cm3 and there is some variation in the density
with the raw material used and the process temperature. Carbon fiber reinforced composites are 5 times more
resistant than 1020 steel constructions and 80% lighter in material properties. It is 7 times more resistant and 1.5
times lighter than 6061 aluminum constructions. The fatigue behavior characteristics of carbon fibers are better than
most metals, and the composite material obtained when coated with a resin compatible with itself has a good
resistance to corrosion [4].

1

287

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

2. Material
2.1. Matrix System
In the matrix system used in the study, MGS L 160 type epoxy resin of HEXION was preferred. As the hardener,
MGS H 160 type of the same company is preferred. This epoxy resin is suitable for obtaining products according to
the vacuum infusion method. In the study, the epoxy / hardener mixing ratio was chosen to be 100: 25 by mass, as
recommended by the manufacturer. Table 2.1 shows the properties of the resins, while Table 2.2 shows the
properties of the curing agent at room temperatures.
1,13 – 1,17
700 – 900
166 – 182
0,55 – 0,60
1,548 – 1,553

Density (g / cm 3)
Viscosity (mPas)
Epoxy Equivalent(g / equivalent)
Epoksi Value (equivalent / 100g)
Refractory Index
Table 2.1. Properties of MGS L 160 resin

0,96 – 1,0
10 – 50
550 – 650
1,520 – 1,521

Density (g / cm 3)
Viscosity (mPas)
Amin Value (mg KOH/g)
Refractory Index
Table 2.2. Properties of MGS H 160 hardener
2.2. Reinforcement System

Twill woven fabric was used as reinforcement system. Twill weave as shown in Figure 1 and the properties of the
fabric used in the reinforcement system are given in Table 2.1.

Figure 2.1. Twill carbon fabric
Carbon Fabric
Twill 2/2

Weight (g/m2)
200

Warp and Weft Yarn Number
3K – 200 tex

Warp Density
5 warp/cm

Weft Density
5 weft/cm

Table 2.3. Properties of twill carbon fabric used in reinforcement system
2.3. Silane Coupling Agent
3 - Aminopropyl - triethoxysilane (Sigma Aldrich) was used as the bonding agent in the surface coating of the carbon
fabrics. 99% Ethanol (Merck) and distilled water were used to prepare the silane binding bath. Silane chemical
properties are given in Table 2.4.
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3 – Aminopropyl – trietoxysilane (APTES)
C9H23NO3Si
221,37
0,946
217
Liquid, colorless, odorless

Type of silane
Molecular Formula
Molecular Weight (g/mol)
Density (g/cm3 at 25°C)
Boiling Point (°C)
Physical Condition
Table 2.4. Properties of silane bonding agent
3. Methods
3.1. Fabric Surface Modification

When carbon fabrics were surface-treated, stock ethanol-water solution was prepared with 90% ethanol and 10%
pure water mixture. The prepared stock solution was then added at 0.25%, 0.50% and 1% by weight of silane
coupling agent. This ethanol-water and silane solution prepared was impregnated with free and immobile carbon
fabrics previously stored in a metal container and treated for 30 minutes. Then the carbon fabrics cured in this
solution bath at 100 ° C for 1 hour.
3.2. Properties of Produced Composite Material
The properties of the composite which is formed as a result of the production of twill carbon composites by vacuum
infusion method are given in Table 3.1.
Twill

Fabric Layer
9

Composite Weight (g/m2)
2830

Composite Thickness (mm)
1,9

Matrix / Reinforcement Ratio
35/65

Table 3.1. Properties of Produced Composite Material
3.3. Thermal Conductivity Analysis
The thermal conductivity test of carbon composite materials was performed using P.A. HILTON LTD. H940 device.
The specimens were cut into a circle 25 mm in diameter and placed in to the device and tested. A linear conduction
module is applied in the heat transfer device. The obtained thermal conductivity test results have been analysed
under three main parameter groups as type of amount of silane. The heat flow value (Q) from the digital display of
the device was obtained in watts. The value of k (thermal conductivity coefficient) is determined by replacing the
values in formula (1).
𝒌𝒌 =

𝑸𝑸 𝒙𝒙 𝑫𝑫𝑫𝑫
𝑨𝑨 𝒙𝒙 𝑫𝑫𝑫𝑫

…………………………………………………………. (1)

Dt= T3-T7

Burada;
A= Area of material (m2)
Dx= Thickness of material (m)
Q= Heat Flow Value (W)
T3= Given Heat (oC)
T7= Taken Heat (oC)
dt= Heat Difference (oC)
k= Thermal Conductivity Coefficient (W/m(oC))
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Figure 3.1. Heat Measurement Device
The thermal conductivity coefficient (k) is calculated at W / m ° C. The heat measurement device is shown Figure
2. The machine was calibrated before the heat measurement test started. Test procedure was carried out by fixing
the temperature at 22 ° C.
4. Results and Discussions
The thermal conductivity test was applied to 4 samples with a diameter of 25 mm and a thickness of 1,9 mm. Table
6 shows the results of the thermal conductivity tests applied to composite materials subjected to silane treatment at
different ratios.

Composite Materials

Thermal Conductivity Coefficient (k)(W/m0C)

Non-treated silane sample

1,072745558

%0.25 silane sample

1,037260336
1,01910828

%0.5 silane sample

1,01403809

%1.0 silane sample

Table 4.1. The results of the thermal conductivity tests
5. Conclusions
When the thermal conductivity results of composites subjected to silane surface treatment at different ratios are
examined, it has been determined that non-treated silane sample has better heat permeability value than treated
sample. It has been found that the thermal conductivity values decrease with silane application.
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Abstract
In this study, composite plates that are consisted of recycled HDPE polymer matrix and reinforced with woven fabrics (cellulosic
fiber content; flax and jute) are manufactured in order to contribute polymer waste management. Used HDPE bottle caps are
collected for recycling and hot press method is used to produce HDPE matrix plates. Plates are than reinforced with 100% jute
and 100% flax woven fabrics with different sequence combinations by hot press machine. Temperature, production time,
pressure and cooling rate are the crucial parameters that are optimized for forming composite materials. These bi-layered and
three-layered composite plates are physically and mechanically tested for appropriate end use areas.
Keywords: Composite, recycling, packaging waste, textile

I. Introduction
Composite structures are the materials composed of at least two types of materials by physical bonding (Campbell,
2010). In composite materials, mostly fibers are used as reinforcement materials (Jabbar, 2017). The usage of
natural fibers as renewable resources in composite industry have increased due to increased awareness of people
(Mohammed et al., 2015). Flax and jute are the most preferred natural fibers that are used as reinforcement
materials.
Flax fiber has low specific weight, low energy consumption during processing and relatively low cost. It was stated
in the literature that, ﬂax ﬁber reinforced composites exhibit good mechanical properties due to the distinctive
surface morphology of the flax. However, the incompatibility of flax fiber with polymeric resins results in poor
fiber/matrix interfacial bonding strength (Faruk, Bledzki, Fink and Sain,2010).
Jute fiber and its composites are non-abrasive, porous, good insulator and combustible materials. It is a promising
reinforcement material due to its low cost, low density, high specific strength and modulus, easy availability and
renewability. The drawback of the jute fiber is its high moisture absorption (Dicker et al., 2014).
In the last 5 years, 3 million tons of plastic materials are used in Turkey just for packaging sector and 37% of it
belongs to polyethylene (both high density polyethylene and low density polyethylene) packaging (PAGEV, 2016).
It is one of the most widely used thermoplastic material owing to its toughness, low moisture absorption, excellent
chemical inertness, low coefﬁcient of friction, ease of processing and low electrical conductivity (Khanam and
AlMaadeed, 2015).
High density polyethylene (HDPE) is a strong, high density, moderately stiff plastic with a highly crystalline structure.
It is frequently used in milk jars, laundry detergent bottles, garbage bins, and cutting boards (Khanam and
AlMaadeed, 2015). High density polyethylene (HDPE) is one of the most common polyethylene type especially used
in polyethylene terephthalate (PET) bottle caps which can be reuseable after melting and re-shaping processes
owing to its thermoplastic characteristics. When its huge percentage in solid wastes and ease of accessibility are
taken into consideration, recycling of HDPE package wastes becomes a very important issue in environmental
aspects.
II. Experimental Set-up and Procedure
Materials
In this study, high density polyethylene (HDPE) bottle caps having density of 0.74 g/cm 3 were used as matrix
material whereas flax and jute woven fabrics were used as reinforcement materials.
Properties of reinforcement materials are given in Tab. 1.
Tab. 1: Physical properties of reinforcement materials
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Sample Code

Fiber content

Weave Type

Yarn Count

F

Flax

Basket (2x1)

Ne 3,2 (weft)
Ne 5,9 (warp)

J

Jute

Plain

Ne 2,8 (weft)
Ne 2,6 (warp)

Areal
Density
(g/m2)

Fabric Count
(e.p.c x p.p.c)

294
241

16 x 9
7x6

*e.p.c.: ends per cm, p.p.c: picks per cm
Composite Production
For composite production, hot press machine was used. Several preliminary productions were performed to
determine the most suitable form of matrix and reinforcement material and optimum production parameters. Based
on the experience of preliminary experiments, recycled HDPE matrix plates were pre-produced by hot press
machine. 36 plastic water bottle caps made of HDPE were placed in a 6 x 6 matrix to ensure homogeneous
distribution for larger plate productions. They were covered with Teflon sheet to prevent contact between machine
and polymer materials before starting hot press operation. Optimum production parameters were performed.
(160 °C, 20 tons, 1.5 hours with pressure + 3 hours without pressure). The compressed HDPE plate was slowly
cooled under decreasing pressure for 3 hours in order to get a homogenous and smooth matrix plate. The preproduced matrix plates and fabric reinforcement material (jute and flax) were covered by Teflon paper together and
placed into the hot plate machine. The same optimized production parameters were applied to the composites.
Different composite designs were prepared by changing fabric and matrix plate layout. The details of these
composite designs were listed in Tab. 2.
Tab. 2: Sample Codes
Specimen
Code

Layers

Components

HF

Recycled HDPE Plate
Flax Fabric

HFH

Recycled HDPE plate
Flax Fabric
Recycled HDPE Plate

FHF

Flax Fabric
Recycled HDPE Plate
Flax Fabric

HJ

Recycled HDPE Plate
Jute Fabric

HJH

Recycled HDPE Plate
Jute Fabric
Recycled HDPE Plate

JHJ

Jute Fabric
Recycled HDPE Plate
Jute Fabric

The pictorial views of the composite designs were given in Fig. 2 and Fig. 3.
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Fig. 2: H-F-H, H-F and F-H-F composites (left to right)

Fig. 3: H-J-H, J-H-J and H-J composites (left to right)

III. Analyses
Thicknesses of composite materials were measured by digital thickness gauge. The densities of the composite
structures were calculated from the measured average weight and calculated volume data.
Composites were tested by their water absorption and tensile properties. In water absorption test, both composite
and fabric thicknesses were measured and surface areas were calculated. After their dry weights were measured by
using precision scale, samples were immersed in water one by one and their wet weights were measured. Immersion
period was 30 seconds. Results of this experiment were given as % water absorption of produced composite.
Tensile test was conducted by using Titan Tensile Tester according to ISO 13934-1 standard.
IV. Results and discussions
Thickness: Thicknesses of HDPE matrices were measured as 0.30 mm whereas thickness of flax and jute fabrics
were 0.61 and 0.58 mm, respectively. When composite structures were taken into consideration, it could be said
that designs including 1 matrix and 1 fabric layer (HF and HJ) had very similar thicknesses (0.51 and 0.63 mm,
respectively) with fabric thicknesses. On the other hand, especially designs including 1 matrix plate in the middle of
the 2 fabrics had the maximum thicknesses (0.87 mm for FHF and 1.02 mm for JHJ).
Density: Densities of the samples are listed in Tab. 3. According to the calculated data, it can be said that due to
the air gaps in the structure, fabrics had less densities than matrix plates. Especially for jute fabric reinforced
composites, the increase in the amount of matrix plate increased the density while the increase in jute fabric layers
decreased the density of the composite structure. For flax fabric reinforced composites, it is not possible to say such
clear comments which can be resulted from unwanted air gaps regarding to un-wetted fibers in the structure.
Tab. 3: Densities of samples
Sample Codes

294

Avg. Weight (g)

Volume (cm3)

Density (g/cm3)

H

3.40

4.57

0.74

HF

8.19

7.74

1.06

HFH

9.72

9.71

1.00

FHF

11.71

13.13

0,89

3

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

HJ

6.71

9.51

0.71

HJH

9.13

10.38

0.88

JHJ

10.57

15.29

0.69

Water absorption:
Water absorption test results are given in Tab. 4. According to the data calculated, water absorbency percentages
of HDPE plates were zero, as expected based on the hydrophobic characteristics of polymers. Similarly, composite
designs composed of 2 matrix plates in both sides of core fabric had almost 0% water absorbency which means
that the reinforcement fabric was covered by HDPE matrices as well. On the other hand, owing to hydrophilic
characteristics of natural fabrics, in designs composed of two fabrics in both sides and core matrix in the middle
had higher water absorbency percentages which means the inner matrix plate does not have capability to wet all
the outer fabric layers to make them waterproof.
Tab. 4: Water Absorbency Test Results
Samples Codes Dry Weight (g) Wet Weight (g) Water Absorbency (%)
H

0.53

0.53

0.00

HF

0.95

1.08

13.68

HFH

1.43

1.43

0.00

FHF

1.47

2.28

55.10

HJ

0.98

1.02

4.08

HJH

1.63

1.63

0.00

JHJ

1.56

1.92

23.08

J

0.63

1.62

157.14

F

0.7

1.69

141.43

Tensile Test: Tensile test results are given in Tab. 5. According to the results, tensile strength of jute fabric was
lower than flax fabric. In all two layer designs (HF; HJ), tensile strength increases with reinforcing fabrics in
comparison to both single fabrics and matrix plates. Moreover, when three layered designs were compared with
each other, all samples including matrix side layers (HFH; HJH) had higher tensile strength values than fabric side
layers (FHF; JHJ). This could be explained by poor wetting of the core matrix. It is known that our matrix plates are
softened under pressure and heat but not be as liquid as water therefore its wetting ability is limited. With the designs
including two matrix plates in side layers together with fabric core had better wetting ability which results in better
fiber to matrix interactions leading to improved mechanical properties.
Tab. 5: Tensile Strength Test Results
Sample Codes

Tensile Strength (MPa)  SD
Warp Direction

Weft Direction

18.05±1.25

H
HF

53.76±0.80

25.05±0.82

HFH

54.78±3.50

54.97±1.66

FHF

47.48±1.26

54.20±0.76

HJ

21.22±1.30

13.72±0.07

HJH

28.74±3.25

23.70±10.47

JHJ

16.25±0.39

10.52±0.40

J

17.54±0.70

16.95±1.10

F

26.19± 0.24

33.23±0.19
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V. Conclusions
Packaging waste constitutes the main part of the solid waste problem around the world. HDPE, used in PET bottle
caps, becomes manucipal solid waste that accumulates in nature eventually. Thus, composites designed in this
study are mostly focused on reducing packaging waste by recycling the bottle cap waste and regaining of used
HDPE polymer. Results of experiments show that appropriate designs can be selected for the end use application
in which moderate tensile strength and good waterproof properties are required. Mechanical properties of the
composite panels can be improved with additional chemicals for future works.
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Abstract
The textile sector brings us different functional features besides our need for dressing. One of them is to give antibacterial
properties to textile structures. Antibacterial property increases the quality of life by protecting people against bacterial attacks. It
is possible to achieve antibacterial activity at different stages of textile production processes. One of these processes is the
electrospinning method, which makes it possible to add antibacterial substances into a polymer containing solution to be
processed to a nanofiber structure.
In this study, nanofiber structures were obtained by electrospinning from polyurethane (PU)/benzalkonium chloride (BAC)
solutions at different concentrations. Then, their morphological, mechanical and antibacterial characteristics were investigated.
According to the results, the produced fiber membranes had nanometer size. The nanofiber surfaces were intensive and
uniform when BAC concentration was 0.5% and 1.0%. But, the uniformity lost at the higher BAC concentrations. The thinnest
fiber diameter of nanofibers was 423±80nm. The strongest (6,42MPa) nanofiber structure was observed when the
electrospinning solution included 0.98% PU and 1% BAC.
The antibacterial activities of the fabrics were tested against gram-negative (E. coli and P. aeruginosa) and gram-positive (B.
subtilis and S. aureus) bacteria. The fabrics showed antibacterial activity with a dose dependent manner against all the tested
bacteria by the order of B. subtilis > S. aureus > E. coli > P. aeruginosa.
Keywords: Electrospinning, benzalkonium chloride, antibacterial, nanofiber

1. Introduction
Nanotechnology is an emerging interdisciplinary area, with more and more relevance in all fields of science and
technology. One of these fields is textile industry. Textiles have been experiencing nanotechnology benefits in a
wide range of applications and were considered one of the most promising technological domains [1].
Electrospinning is as a very powerful method for creating and diverse kinds of microstructures [2]. Electrospinning
has gained attention recently due to the development of advanced models to increase production rate. Thus,
electrospun fibers are used in many applications such as textiles, filters, composites, sensors, tissue engineering,
and catalysts [3].
Polyurethane (PU) polymer is a thermoplastic resilient elastomer that have excellent flexibility, good film/fiber
forming property and resistance to solvents [4]. Benzalkonium chloride (BAC) belongs to the group of quaternary
ammonium compounds, which are commonly used as antimicrobials, disinfectants or surfactants in industrial and
household products [5].
Khil et al. used a fiber membrane produced from nanofibers obtained from electrospinning of the polyurethane
polymer as a wound healing band. The membrane used as the wound healing dressing was produced at a
thickness of 3.25𝜇𝜇m and the water permeability measurement was 6.525x106 (cm3.cm/cm2.s.cm Hg). The obtained
PU membrane was found to have effective porosity [6]. Lakshman et al. used a network of polyurethane nanofibers
containing silver nanoparticles produced by electrospinning for use in wound dressings. The fiber diameters were
between 1.2-1.5μm. Silver nanoparticles increased conductivity and reduced fiber diameter. The conductivity of
polyurethane without silver nanoparticles was 1.75μS and addition of silver nanoparticles at different
concentrations increased the conductivity to 96μS. The fiber diameters are between 150 and 250nm. The results
showed that PU-silver nanofiber felts could be used for wound dressing applications. It can also be used for
inhibition of bacterial colonization [7]. Li, Lou and Song studied the tendency of the direction-independent fiber mat
produced by polyurethane electrospinning, the stress-strain curves and the maximum loading and breaking
behavior. It was seen that the increase of the mat thickness did not affect the maximum strain. However, the
maximum load was directly proportional to the mat thickness. At the break point, the maximum tension was
inversely proportional to the increase in thickness [8]. Unnithan et al. produced an antibacterial electrospun
nanofiber in 400-700 nm size with polyurethane (PU) and two biopolymers such as cellulose acetate (CA) and zein.
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To prevent common clinical infections, streptomycin sulfate was added and antimicrobial abilities against gram
negative and gram-positive bacterial strains were investigated. These studies showed that these advanced PU–
CA–zein-streptomycin sulfate composite nanofibers could be used for burn, chronic and diabetic wound infections
[9]. Toncheva and friends researched that Poly (L-lactide) (PLLA) and PLLA / poly (ethylene glycol) (PEG)
polymers were prepared by electrospinning method with diclofenac sodium (DS), lidocaine hydrochloride (LHC),
benzalkonium chloride (BAC), and their combinations. The PLLA/PEG containing BC (10 wt%), DS (30 wt%),
DS/LHC (DS,30 wt%; LHC, 30 wt%), and DS/LHC/BC (DS, 15 wt%; LHC, 15 wt%; and BC, 10 wt%) exhibited
antibacterial activity against the pathogenic S. aureus bacteria [10].
The aim of this study is investigation of morphological, mechanical and antibacterial properties of fibers produced
with electrospinning of polyurethane and benzalkonium chloride solutions in THF/DMF (50/50, w/w).
2. Materials and Methods
2.1. Materials
Polyurethane (PU) block co-polymer pellets (consists of difhenylmethane-4,4’-diisocyanate, adipic acid, ethylene
glycol, ethylene oxide, polypropylene oxide, 1,4-butanediol and bisphenol A) were purchased from SMP
Tecnologies Inc. (Japan). Dimethyl formamide (DMF) and tetrahydrofuran (THF) were selected to dissolve the
polyurethane. Alkyldimethylbenzylammonium chloride (benzalkonium chloride) (50%) was of analytical grade
(Kimetsan) and used as received.
Main cultures of Escherichia coli ATCC 35218, Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 25293
and Pseudomonas aeruginosa ATCC 27853 were supplied from Microbiologics.
Nutrient broth and nutrient agar (for E. coli and B. subtilis strains) and Trypticase Soy Broth and Trypticase Soy
Agar (used for S. aureus and P. aeruginosa strains) culture media were supplied from Hi-media.
2.2. Methods
2.2.1. Preparation of polymer solution
10% polyurethane (PU) stock solution was prepared by dissolving 1g PU in 9g DMF/THF (50/50, w/w) for three
hours. Then, according to Table 1, several amounts of the stock PU solution and 50% BAC solution was mixed,
and the total mass was adjusted to 10g using 50/50% DMF/THF mixture. The solution was stirred for 1 hour before
electrospinning. The ingredients and the final concentrations of the sample solutions to be electrospun were listed
in Table 1.
Table 1: The final concentrations of the sample solutions for electrospinning. The concentrations were adjusted to 100% with
DMF/THF (50/50, w/w) mixture.
Sample Codes

PU (%)

BAC (%)

1

0.99

0.5

2

0.98

1.0

3

0.95

2.5

4

0.93

3.5

5

0.91

4.5

2.2.2. Nanofiber production by electrospinning method
The electrospinning device (Inovenso, NE300 Nanospinner) was used to produce nanofibers.
The solutions of PU alone or BAC+PU were put in syringes. Greaseproof paper was placed on the collecting plate
to feed the nanofibers to this surface. The optimal parameters were 2 ml / h feeding rate, 27.5 cm tip to collector
distance, 25 kV applied voltage, 100 rpm collector speed for 2 hours of application time. Experiments were carried
out at varying temperatures ranging from 21 to 24 °C. The same machine parameters have been applied to all
samples.
2.2.3. The viscosity and conductivity of solutions
The viscosity of the polymer solutions was determined by using viscometer (Brookfield DV-E Viscometer, USA).
The viscosity measurement was performed with S21 spindle at 100rpm. The conductivity values of the polymer
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solutions were measured by conductivity meter (WTW Cond 3110, Germany). All the viscosity and conductivity
experiments were carried out at room temperature.
2.2.4. Morphology of nanofiber structure
The morphologies of the electrospun nanofibers were analyzed with SEM images (JEOL JSM-5910 LV, Japan).
The average fiber diameter of the PU/BAC nanofibers was measured by Image J software from the SEM images.
2.2.5. Mechanical tests
The mechanical properties are very important with regard to the performance of the samples. The thicknesses of
the samples were measured in the horizontal and vertical directions by Mitutoyo Digital Thickness Comparator. The
samples were tested by Instron 4411 Universal Test device in size of 50x10 mm (length x width).
2.2.6. Determination of antibacterial activity
ISO 20645:2004 method was mimicked to determine the antibacterial activity of wool samples [11]. The bacterial
strains stored at 80oC were precultured in 10ml broth medium in shaking incubator at 37±1 oC for 16h. The broth
media were Nutrient Broth for E. coli and B. subtilis strains, Trypticase Soy Broth for S. aureus and P. aeruginosa.
10μl of the precultures were inoculated into the desired volume of fresh broth media. Approximate CFU numbers
were estimated from McFarland densitometer measurement and the bacterial culture was produced by incubating
at 37±1oC until the bacteria concentration reached 108 CFU/ml [12].
In order to test antibacterial activities of the samples, two-layered soft agar plates were prepared. The soft agar
media were formulated by adding 7.5g/L Agar into the broth media described above. The lower layer was 10ml and
Later, each wool sample to be tested in 20mm x 20mm size was placed on the soft agar medium and the petri
dishes were incubated at 37±1oC for 24 hours. For accuracy, the experiments were performed and repeated three
times. The average diameter of the inhibition zones was calculated using equation (1) [13]:
A = (B – C) / 2

(1)

Where, A is the average diameter of clear inhibition zone in mm, B is the total diameter of inhibition zone including
wool sample and clear zone in mm, and C is the length of the wool sample to be tested.
on was dropped on bacteria containing separate soft agar medium
and diameter of the inhibition zone was measured after incubating at 37±1 oC for 24 hours.

3. Results
The viscosity and conductivity values of all solutions were measured (Table 2).
Table 2: The viscosity and conductivity of solutions
Sample codes
1
2
3
4
5

Conductivity
(µS/cm)
223
365
844
1222
1377

Viscosity
(cP - %)
170 cP
%34
171 cP
%34.2
176 cP
%35.5
134 cP
%21
155.5 cP
%31.1

It was observed that the presence of benzalkonium chloride (BAC) in the solutions increases the conductivity. The
viscosity values of solution started to increase in parallel to the first three BAC concentration. After this point,
increase of BAC concentration fluctuated the viscosity. The highest viscosity was observed when the samples were
electrospun from 2.5% BAC containing solution (Sample 3).
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3.2. Morphology of the samples
The morphologies of the electrospun nanofibers were analyzed with SEM images (Figure 1).

2

1

3

4

5

Figure 1: The SEM images of Samples 1-5.

When BAC concentration was 0.5%, the average diameter was 423±80nm (Sample 1). The average diameter was
similar (427±35nm) when the BAC concentration was increased to 1.0% (Sample 2). The nanofiber surfaces of
these (Sample 1 and 2) samples were intensive and uniform. However, further increase of BAC concentration
prevented nanofiber formation. Therefore, the diameter of the samples 3-5 were not measured.
3.3. Mechanical tests
Vertical and horizontal strength values of PU/BAC nanofiber membranes were measured (Chart 1 and Chart 2).
Vertical Strength (MPa)

Strength value (MPa)

8
7
6

6,42
5,145

5
4
2.382

3

2.543

2

1.676

1
0

1

2

3
Sample codes

4

5

Chart 1: The measured vertical strength values of nanofiber membranes
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Horizontal Strength (MPa)
Strength value (MPa)

7

5.74

6

4.81

5

3.24

4
3

2.32

1.86

2
1
0

1

2

3
Sample codes

4

5

Chart 2: The measured horizontal strength values of nanofiber membranes

The highest vertical strength and horizontal strengths were observed at the lowest BAC concentrations (0.5% at
Sample 1 and 1.0% at Sample 2). Increase in BAC concentration (2.5%-4.5%) caused a significant decrease in the
vertical and horizontal strengths at Sample 3-5, where the nanofiber structure had not been observed at the SEM
images. Therefore, BAC concentration should be ≤1% to protect vertical (Chart 1) and horizontal (Chart 2)
strengths and to obtain nanofiber structures (Figure 1).
The thicknesses of the membranes were also measured and were shown at chart 3.
Thickness of nanofiber membranes (µm)
Thickness value (µm)

70,00

58

60,00
50,00
40,00

21

19

30,00
20,00

13

12

10,00
0,00
ͳ

ʹ

͵

Sample codes

Ͷ

ͷ

Chart 3: The thickness values of membrane structures

The thickest membrane structure was observed at the lowest BAC concentration (0.5% at sample 1). The thickness
decreased by increase of BAC concentration. Considering the mechanical properties, the optimal thickness
(0.021mm) of nanofiber structure was obtained when BAC concentration was 1.0%.
3.4. Antibacterial activity
The antibacterial activities were investigated, and their inhibition zone diameters were measured (Chart 4).
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Chart 4: Inhibition zone diameters (mm) created by antibacterial activity of the samples.

As shown at Chart 4, all the samples produced inhibition zones against all the tested gram negative and grampositive bacteria. They were more effective against gram positive bacteria than gram negative bacteria. The
inhibition zone diameters were observed in the following order: P. aeruginosa < E. coli < B. subtilis < S. aureus.
The inhibition zones were the smallest against P. aeruginosa bacteria and Sample 1 created very low (<1mm)
inhibition zone. The zone diameters usually increased in parallel to increase in BAC concentration and the highest
zone diameters were observed at the sample produced from the highest BAC concentration (Sample 5). The
smallest BAC concentration for reasonable (>1mm) antibacterial activity against P. aeruginosa was 1.0%, which
belongs to Sample 2. Sample 2 created inhibition zone against all the bacteria tested (Figure 2).

Figure 2: Antibacterial activity of Sample 2.

4. Conclusion
In this study, nanofiber-based polyurethane was produced by vertical electrospinning method. Several variations
were prepared by changing PU (0.99%-0.91%) and BAC (0.5%-4.5%) concentrations and the effect of these
variations on morphological, mechanical and antibacterial properties were investigated. It was observed that the
presence of BAC in the solutions increases the conductivity. Uniform and intensive nanofiber membranes were
observed with average fiber diameter of 427±35nm at 0.5% and 1.0% BAC concentrations (Samples 1 and 2).
Further increase of BAC concentration disrupted the uniformity. These two samples, which were electrospun from
0.5% and 1.0% BAC containing PU solutions, also had the highest mechanical properties (vertical and horizontal
strengths). All the samples caused inhibition zones against gram-negative bacteria (E. coli and P. aeruginosa) and
gram-positive bacteria (B. subtilis and S. aureus), but the effect of Sample 1 (electrospun from 0.5% BAC
containing solution) was very low (<1mm) against P. aeruginosa, the most resistant bacterium tested. At least 1.0%
BAC concentration needed to have >1mm inhibition zone against P. aeruginosa. The most susceptible bacterium
was S. aureus and all the samples caused ≥20mm of inhibition zone against S. aureus. Increase of BAC
concentration increased the inhibition zone diameter. By co-evaluating with morphological and mechanical
properties, Sample 2, electrospun from 1.0% BAC + 0.98% PU containing solution, seems optimal for good
mechanical and antibacterial properties.
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Abstract

As technological developments are in every field, the textile sector is experiencing its unforeseen influences on its own world in
every passing day. Every issue that is difficult to imagine for yesterday is indispensable today and it becomes products that can
take part in habits. 10 years ago, we were trying to imagine the innovations of a digital clock we tied to our wrist would bring. But
today, these watches are a multifunctional instrument that can be described as a performance tracker, a music / radio / television
/ internet connection item, or even a medical assistant connected directly to our doctor. The evolution of a clock in such a short
time has enabled the movement of every sector to which it may relate. As in any industry, the textile sector has not lost a
legitimate share of this movement as much as a garment that can be associated with this watch and another that can be
influenced by this watch.
Today, hybrid disciplines open new horizons. The access of science and knowledge to people through art also leads to a more
effective and beautiful way through the unification of two disciplines. The scientist, who can constantly change the material with
the magical instruments of technology and science, can also shape the image of the new thing he has achieved. The artistic
direction can be combined with technical knowledge and skill and turn into other ergonomic and aesthetic forms. This requires
two separate competencies.
Many artists used textile materials in the art of fiber and land art. The designers of the fashion world are aware that there will be
no areas where textiles will not be used in the future. For this reason, most of the designers, design products containing aesthetic
items using different materials and methods in every area from fiber to fabric, from yarn to finishing processes and present them
to consumers in different concepts. The sculptural clothes of which Issey Miyake produced in terms of art and the wearable art
works created by Alexander McQueen and Hüseyin Çağlayan can be seen as an example of concept.
Through this work, the relationship between science and art has been exposed to the historical process, the pace of change and
the dizzying fascination of science on the art of textiles. For this reason, the relationship between science and art has been
exposed through the historical process, the pace of change and the dizzying frenzy of science on the textile arts. The work is
expected to inspire the textile and design sectors.
Keywords: Technical Textiles, Art, Design, Wearable Art, Land Art, Innovation

I. Introduction
Despite the fact that the definition of technical textiles has been expressed in various forms by different researchers
at different times, today's sense implies a multidisciplinary approach. In general, it is expected in technical textiles
to be perceived and reacted to any effects or changes. However, in today's world, there are demands for products
that use textile materials which include aesthetic, functional, ergonomic and economic performance characteristics.
Technical textiles are used in fields such as automotive, agriculture, construction applications, space technology,
military security, medical technology, transportation and food industry. It will, however, increase the production and
use of multifunctional smart textile products, which in the future can provide other services besides clothing,
covering and embellishment as well as health, security and information fields. Serious R&D studies are carried out
on these products in the world.
With the use of the first synthetic fiber in the 1930's, technical textile production started to be mentioned. Since the
60's, technical textiles production has increased considerably, application areas have expanded and diversity has
increased. Intelligent textiles have an important place in this diversity. Smart textiles in technical textiles also require
the use of advanced technology materials and advanced production techniques. Smart textiles are examined in two
groups in terms of their usage characteristics and their functionality. A textile product is defined as a "passive smart
textile" if it perceives the effect or change and it is defined as an "active smart textile product" if it reacts to the effect
or change it perceives. Countries such as the U.S. and Japan are dominating the developments in smart textiles.
When it is assumed that a curtain has been dyed with a colourant dyestuff, the color of the curtain becomes lighter
or darker depending on the light condition, and the room is always bright at the same value, makes this product
active smart textiles. Examples of smart textiles that are used besides clothing include car seats which awaken
drivers, bed sheets listening to your heartbeat while you are sleeping, color changing textiles according to room
temperature, shoes that tell you how fast you run, television and musical set remote controls placed on the armrests,
cloth pianos, etc. (http://www.tekstilteknik.com/Referanslar/Tekniktekstiller.asp?Kimlik=15)
The majority of technical textiles are made of filament polymers such as; polyester, polypropylene, nylon, viscose
and glass fiber (Can, 2008). High-tech fibers such as Kevlar and carbon fiber are also used in the production of
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technical textiles. Applying of new technical qualities during the production of fibers, yarns and fabrics produced
from these materials dates back to 1980's.
Significant technological developments in the field of technical and smart textiles have led the creation of functional
fabrics. This approach has also been an innovation for the fashion world. Many designers have used many technical
textiles in many fields as much as interior design and fashion. The use of technical textiles in the fashion designers'
collections has made these products demandable in current life.
II. Art and Textile
Throughout history, textile materials that sometimes appear as a product for daily use, sometimes as a cultural
symbol, and sometimes as an art object, are now diversified as both in terms of materials and usage areas.The
responsive diversity of textile materials against external physical and chemical interventions has forced many artists
and designers to push the boundaries of creativity. The real value of textile materials in the field of art has arisen
from the recognition of the power to integrate fiber and some conceptual ideas. This means a rediscovery of the
material.
The use of textiles created by artists and designers with traditional textile materials for the ages has enabled the
interpretation of textiles and fashion with art. The support of art and craft disciplines plays an active role in the textile
as an art object in the exhibition spaces. firstly the technical textiles have been used in sports and military clothing,
later have entered into everyday life and its usage areas have increased. By designers bringing these materials into
their collections and adding the aesthetic value of art into them, the concept of sculpture clothes and fiber art and
landart were brought to the agenda in the exhibition areas and fairs.
Through the historical process the interpretations of textile artists have changed in terms of technique and material.
The end result of these changes is the creation of original works. The materials which are source of the artist's work
are generally natural fibers such as sisal, wool, linen, hemp, cotton. Sometimes it is seen that paper and wood fibers
are separated and used in their works by forcing the boundaries. In the works of the artists, materials such as metal,
wire, nylon, foil, as well as materials that complement the concepts of smart and technical textiles concepts are
encountered (Oyman, N.R., 2012).
For contemporary fiber artists, there is no limit to the technical aspects of the material. Besides traditional techniques
such as knitting, sewing, embroidery, application areas such as bonding, punching, direct dyeing are very broad.
The job is only to show courage with creativity.
The first formations of contemporary fiber art began to be implemented in Japan. Machiko Agano and Hideo Tanaka
have used fiber art as an expressionist tool. Machiko Agano has used monofilaments, which are textile materials
have been used with adhesives which are especially heat-shapable. The artist has met with interest and criticism
of the critics of the period with this work on a large scale. The artist has used stainless steel, handmade paper,
polyamide and silk yarn in his works given in figures 1 and 2.

Fig. 1: Machiko Agano, Untitled, 2003.
Fig. 2: Machiko Agano, Eye Sanacks 2010.

Chiharu Shiota is a Japanese performance and installation artist who creates monumental, delicate, and poetic
environments. The main theme of the artist's works is remembrance and forgetting. Shiota finds different visual
expressions for these subjects and builds impenetrable systems made of black or red threads into various spaces
or personal objects. In these constructions sometimes he used a burnt piyanooy (Fig. 4), a bride (Fig. 5), and even
himself.
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Fig. 3: Chiharu Shiota, Indefinite Journey, 2016, Blain.
Fig. 4: Chiharu Shiota, In the Silence, 2008.
Fig. 5: Chiharu Shiota, After the Dream.

In the fiber where its examples can be seen in both western area and also in Turkey, it is observed that there are
no bounderies between disciplines. It can be argued that in the 21st century, where technological developments are
a common denominator for all fields, the Fiber Art takes part in a multi-referential, conceptual and pluralistic structure
that can use new technologies without breaking away from traditional techniques (Özpınar, 2009).
In the 1960s, when the debate about modernism and the nature of art intensified, the Land Art movement seemed
to spread. Land Art artists went out of the museums and galleries and used the whole world as a venue. The works
performed by artists in deserts, stone quarries, endless waters, abandoned mines and mountain peaks show that
the boundaries of art have been overcome and new meanings of art have been introduced in the definition and
application of art, while the understanding of space has been opened forever and ever. (Kedik, 1999).
The Bulgarian artist Christo Javacheff and the French artist Jean-Claude de Guillebon have done works like packing
large buildings with textiles in both public and natural areas (Fig. 6). They used textile materials to intervene in
natural areas and put out the materials they used as a new way of expression (Fig. 7).

Fig. 6: Christo ve Jeanne-Claude, Wrapped Kunsthalle, Switzerland, 1968.
Fig. 7: Christo ve Jeanne-Claude, Wrapped Coast, Australia, 1969.
Fig. 8: Christo ve Jeanne-Claude, Wrapped Reichstag Berlin, 1985.
Fig. 9: Christo ve Jeanne-Claude, Wrapped Pont Neuf, Paris, 1995.

In 1985, they wrapped the arches of the Pont Neuf Bridge in Paris with gold color plastic fabric (Fig. 8). This
transformation of the 400 years old Paris Pont-Neuf Bridge wrapped with a bright fabric and waterfall effect created
a great splendor for the formation of the theatrical work (Scott, 2003). In practice, Pont Neuf Bridge was wrapped
with 40.876 m2 of synthetic woven fabric (Gezer, 2008). It is possible to say that the color and texture of the fabric
is in full agreement with the texture of the waves and flow of the water, when the functionality of the material kept
on front while the bridge is wrapped.
Christo and Jeanne-Claude wrapped the German parliament building Reichstag in 1995. (Fig. 9). The Parliament
building has wrapped with 100,000 m 2 of polypropylene fabric and 15 km of rope. The process lasted for one week,
the building was stayed wrapped for about two weeks, and this performance was observed by five million people.
When the works of Christo and Jeanne Claude are examined, it is seen that they use the textile materials which are
one of the examples of these new and different orientations as the main material of their works. In their applications,
different dimensions of nature-textile and architectural-sculptural interaction are revealed.
III. Wearable Smart Textile
Designs generally arise from needs. The development of technical textiles is also acknowledged to be able to meet
these needs. Intelligent textile products, developed in parallel with the development of space technologies, have
been used in space dresses and gloves to protect astronauts from the effects of extreme temperature changes.
These fabrics, which are also used in the production of firemen's clothes, are also used in active sportswear. The
Italian company named Corpe Nove has developed a dress that is able to shorten or extend the sleeve according
to the fall and rise in temperature.
Doping controls of sportsmen can be made with textile surfaces prepared to emit certain active substances when
exposed to nourishment, press and water. It is possible to see textiles which can be furnished with fragrant materials,
vitamins, insect repellents in many different areas. Socks that remove foot odor or cure foot fungus are the most
important examples of this area.
Fiberglass constructions, bulletproof vests, and protective clothing against chemicals are the first applications
wearable smart textiles (Fig. 10). The equipment that can meet all the desired features of the soldier clothes can be
provided by wearable smart textiles. Clothing is used in military areas, where the physical condition of the wearer
can be tracked, where it can be determined, the perception of the surrounding light, and the camouflage pattern
accordingly. Through the intelligent uniform injured soldiers can be reported to the center (Fig. 11). In recent days,
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invisible cloak took its place in scientists’ researches in Turkey right after China (Fig. 12).

Fig. 10: Bulletproof vest.
Fig. 11: Smart Uniform.
Fig. 12: Invisible Cloak.

Wearable smart electronic textiles now allow for widespread use of electronic medical technology. For this reason,
medical textiles in the field of electronic medicine enable the medical signs of the patient to be obtained, monitored
and reported to the doctor, the hospital or the emergency service through the sensors and communication systems
integrated in the dress. However, there are also special textiles that can give medication to the patient at the desired
time, based on medical instructions.
Electronics and telecommunication industries will be managing our life in the 21st century and this will affect the
apparel industry in a wide range. What is expected from future clothes is that it carries the aesthetic features as well
as fullfilling the performances that are needed. The garments made by using optical fibers make a great deal in
darkness (Fig. 13-14). Designers like Leonie Tenthof van Noorden and Anne Mieke Kooper are influenced by these
developments in wearable smart textiles and used these materials in their designs. Leonie Tenthof van Noorden
designed Zola with photochromic yarns. (Fig. 15). Anne Mieke Kooper's Kooper design is an object made of fabric
woven with color-changing yarns. (Fig. 16).

Fig. 13-14: Clothes made using optical fibers.
Fig. 15: Leonie Tenthof van Noorden, Zola.
Fig. 16: Anne Mieke Kooper, Object.

Wearable smart textiles are important materials also for designers. Iris Van Herpen presented the clothes and shoes
made in 3D printers in the summer collection of 2012 in Paris (Fig. 17). This design, produced using electronic
circuits, is being displayed at the London Science Museum. (Fig. 18). Located in Kansas City's Art Museum, there
is a fabulous evening dress designed by Lynne Bruning. Fiber, silk, and organza materials are used in the dress
(Fig. 19).

Fig. 17: Iris Van Herpen, 3D dress.
Fig. 18: Iris Van Herpen, electronic circuit clothing, London Science Museum.
Fig. 19: Lynne Bruning, fiber wired clothing, Kansas City Art Museum.

Advanced materials that have emerged in recent years can perform better than traditional materials because they
can be adapted to the new shape, which can withstand more demanding higher temperatures. In this fabric, which
is imitated from chameleon, heat sensitive pigments are used. (Fig. 20). For designers who want to use color
changes that can occur with printing and stretching in their designs, a fabric produced for this purpose is ideal for
creating random images (Fig. 21). While designers combine these materials with design, they provide insight into
future products and solutions.
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Fig. 20: Heat sensitive fabric.
Fig. 21: Press and stretch-sensitive fabric.

The use of high-tech fabrics by world-renowned fashion designers date back to the 1960s. Pierre Cardin used
vacuum-stitched and embossed fabrics and Andre Courreges used jersey sweaters and synthetic fabrics. Paco
Rabanne made armored clothes with metal chains. These three designers are the source of inspiration for the
today’s techno-fashion makers who use high-tech materials and fabrics.
1960s, which has an important place in the history of fashion clothing and jewelry design, is located in social
memories. In this period social, cultural, artistic, economic changes and technological innovations opened a new
era in fashion clothing and jewelry design areas. It was also during this period that the designers in the fashion and
textile world realized how important it was to think about the right fabric selection for their collections in order to be
able to create awareness and authenticity.
Paco Rabanne, who was known as the bad boy of the French fashion world in the 1960s, by saying “stitching is a
bondage” made dresses out of materials such as plastic and metal, which were brought together with the wire and
glue, not the fabric (Fig. 22-23). Rabanne's designs are not simply expressive and are fantastic world-class clothing
between art and fashion (http://www.kci.or.jp/archives/digital_archives/detail_182_e.html) "Vintage Collection Paco
Rabanne" reflects the fashion of the 1960s using futuristic metal plates. At that time, Rabbane surprised everybody
by using innumerable innovative and hard materials such as aluminum, glass, plastic which were called "useless"
by everyone. Now the pieces are running the world on "Paco Rabanne - Vintage Collection" exhibition.

Fig. 22-23: Paco Rabanne, Vintage Collection, 1960.

Issey Miyake uses both the newest materials and the most advanced techniques while creating practical, wearable
and aesthetic dresses. He frequently mixes natural fibers with synthetic textiles, such as polyester and silk. He uses
heat treatments applied to the fabric or uses laser cutting or ultrasonic sewing to produce garments (Fig. 24).

Fig. 24: Issey Miyake, Making Things.

Fig. 25: Issey Miyake, Parallel Practices, 1969.
Fig. 26: Issey Miyake, Holographic Jacket and Trousers, 1996.
Fig. 27: Issey Miyake, Pleats Please, Guest Artist Series No.2.

Issey Miyake has developed aesthetic and practical jacket design as a result of holographic finishing applied to a
transparent fabric made of polyamide fiber. While transparent fabric is shinning on the skin, clear stance on the
collar, pocket and cuffs has a distinctive difference on the outfit. (Fig. 26). After the popularity of "Pleats Please", in
the Autumn/Winter 1996/97 collection Miyake introduced the "Guest Artist Series", which produced with limited
number and shows his interest on fine arts. The aim of this exhibition is to bring artists together from different areas
by using "Pleats Please" as a canvas (Fig. 27).
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Fig. 28-29: Junya Watanabe, Japonese Avant-garde, 2000.
Fig. 30-31: Junya Watanabe, Comme des garcons, 2000.

Junya Watanabe used advanced fabrics and innovative methods in the Japanese avant-garde-themed collection
she referred to as Japan's missing period (Fig. 28-29). Junya Watanabe's collection is a visual feast. The creative
genius is preparing collections that combine artistic integrity and sensitivity. The collection, which is presented on a
rainy slope, consists of waterproof skirts equipped with a hidden protective plastic layer, futuristic headers and
wrapped hats. Watanabe has presented a collection based on technologically advanced fabrics and techniques with
its chic style at the perfect level (Fig. 30-31).

Fig. 32-33: Hüseyin Çağlayan, Fashion’s 111th Spring-themed Spring / Summer 2007 collection, Paris.

The world-renowned Turkish fashion designer Hüseyin Çağlayan has a sense of contemporary and technological
fashion designs and trends such as techno-fashion, high-tech couture and high-tech fashion. While the designs of
the artist are built around culture and anthropology it integrates technology, science, and architecture with human
body and clothing. The designer combines his artistic work with fashion, music, and cinema to build his products.
Hüseyin Çağlayan's collections of wearable arts and wearable clothing characterize the minimal set and thriller
environment that combines urban architecture and geometric constructions (Fig. 32-33).
IV. Results and discussions
For nearly 5,000 years, mankind, who obtained textile fibers from natural sources and used them for the production
of garment fabrics, was introduced to synthetic fibers through discoveries made in the early 1800s.
The art of fiber, which has emerged in the second half of the 20th century using fiber materials and has a creative
and experimental attitude, has been shaped by the combination of many art and design movements, schools,
theories, traditional values and techniques. After the Bauhaus, the art of fiber, which began to form in the 1960s
with the effort of the artists, was assessed in the same category as decorative arts or crafts due to its organic ties
with textile discipline. The emergence of avant-garde trends, which changed the definition of artwork by advocating
the view that everything might be art, emerged at the beginning of the 20th century, pointing to the beginning of a
new era in art. The land art that has emerged in the historical process has led to the exhibition of the art from the
narrow molds and to be exhibited in wide areas.
Garment designers produce wearable garments, but they can not stand the manipulation of artist identities and they
started to produce sculptural and artistic collections. The displays they use when presenting their collections are
transformed into spectacular feasts. The designers have presented the scientific support of technical textiles with
art and the interdisciplinary power of technology with many examples.
V. Conclusions
With the widespread use of technical textiles, sectors such as detergents, irons, ironing machines, washing
machines, etc., will be deeply affected, and perhaps will be vanished. It is expected that the fashion sector will be
affected in this important change. As a result of the developments in yarn and fiber technologies that form the basis
of the fabric and fabric that form the basis of fashion, new-style fashion designers and designers are expected to
emerge. Due to the use of electronic components in the production of technical textiles, it is expected that problems
such as comfort and energy costs will arise.
Experimental designs that designers use in single production form important project inputs for technologists. At the
same time, innovative materials and usable technologies produced by scientists are also important sources for
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artists and designers. This situation will lead to new developments by nourishing every field of continuity between
art and science.
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Abstract
Poly (vinyl alcohol) (PVA) is a hydrophilic, semi-crystalline polymer that has received much attention
because of its good chemical resistance, good thermal stability, good physical properties, excellent
biocompatibility and inexpensiveness. Gelatin (G) is a natural polymer and that are interesting materials for
biomedical applications. Electrospinning is a simple method that provides very porous nanofiber production
with high surface area. It is possible to produce biomedical, filtration, energy storage and protective
materials by using electrospinning method. Benzalkonium chloride (BAC) is a sort of antimicrobial cationic
surfactant, which has been widely used in commercial wound dressings and has a strong role against Grampositive bacteria.
In this study, nanofibers were produced from electrospinning of BAC, PVA and G containing solutions at
various concentrations. The fibers of obtained nanofiber structure were uniform, continuous and intensive.
The optimum parameters in terms of good mechanical and antibacterial properties were determined. S2
sample, electrospun from 11.63% PVA + 1.0% G +1.0% BAC containing solution, had the best
morphological and mechanical properties due to having the thinnest fiber diameter (51±13nm) and the
highest vertical strength (4.299MPa) and horizontal strength (4.058MPa). It also had antibacterial activity
against all the bacteria tested (E. coli, P. aeruginosa, B. subtilis and S. aureus). Due to owning good
mechanical and antibacterial properties, S2 sample can have many uses in medical sector.
Keywords: Electrospinning, poly(vinyl alcohol), gelatin, benzalkonium chloride, antibacterial, nanofiber

1. Introduction
Electrospinning is a basic technique that dissolved materials are processed into nano-scale and micro-scale
continuous fibers [1]. A typical electrospinning consists of mainly three components: a capillary tube with
pipette or needle of small diameter, a high voltage supplier and a metal collecting screen. There are four
different regions within electrospinning process: the base region, the jet region, the splay region, the
collector region [2]. The various synthetic polymers, natural polymers and a blend of both including proteins
are used in the electrospinning process [3].
Poly (vinyl alcohol) (PVA) is a hydrophilic, semi-crystalline polymer that has received much attention
because of its good chemical resistance, good thermal stability, good physical properties, excellent
biocompatibility and inexpensiveness. When diameters of polymeric fibers decrease from micrometer down
to nanometer range, several interesting characteristics appear, such as high surface area per volume or per
mass ratio, vast possibilities for surface functionalization and improved mechanical performance due to an
improvement in the structural organization. These interesting properties make ultra-fine electrospun
polymeric fibers excellent candidates for many important applications, such as filtration, reinforcing
materials, wound dressing, tissue scaffolding, releasing vehicles of drug, etc [4].
Gelatin (G) is a natural polymer. It can be generally found in animal tissues such as skin, muscle and bone.
Therefore, it has biocompatibility and biodegradability properties. Gelatin has been commonly used in
biomedical applications such as tissue scaffolds and wound healing [5]. These distinct advantages of gelatin
make it an ideal component to develop protein based constructs with similar mechanical strength to
extracellular matrix (ECM) [6]. In addition, gelatin is a promising choice for producing nanofiber as it is cheap
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and available [5].
Benzalkonium chloride is a sort of antimicrobial cationic surfactant belonging to quaternary ammonium
compounds (QACs) with long alkyl chains of C 8 to C18. It has antimicrobial activity against many
microorganisms especially Gram-positive bacteria [7]. Due to its high antimicrobial activity, it is used
extensively as biocides at hospitals and food processing industries, and personal care products. Also, it is
used at wound dressings in medical textile industries. Moreover, it is also environmentally friendly. During
the wastewater treatment processes, most BACs are usually removed by biodegradation in combination
with adsorption on sewage sludge and the remainder is discharged in the effluent [8].
There are lots of studies about antibacterial activity of BAC containing membranes produced via
electrospinning. For example; You et al. (2006) added BAC to a solution of poly(lactic-co-glycolic acid)
(PLGA) for electrospinning and obtained various diameters of BAC-PLGA nanofibers [9]. Tong and Wang
(2011) dissolved BAC in a polymer solution of poly(hydroxybutyrate- co-hydroxyvalerate) to increase the
conductivity at the electrospinning procedure [10]. Kim et al. (2007) prepared antimicrobial polycarbonate
(PC) nanofibers using BAC as an antimicrobial agent and they reported that the BAC-PC nanofibers had
good antimicrobial activity against Gram-positive (Staphylococcus aureus) and Gram-negative (Escherichia
coli and Klebsiella pneumonia) bacteria [11]. Electrospun BAC-PVA nanofibers have been previously
prepared by Arumugam et al. (2009), who used BAC as a conductive additive to a solution of PVA in
electrospinning [12].
Addition of gelatin in PVA/BAC containing elecrospun membrane may add versatile properties of gelatin
especially in terms of biocompability. There is no studies on production and antimicrobial activity of
electrospun BAC-PVA-G nanofibers. This study aims production of electrospun BAC-PVA-G nanofibers and
optimization of the process in terms of mechanical and antibacterial properties.
2. Materials and Methods
2.1 Materials
Poly (vinyl alcohol) (PVA) with molecular weight of 70,000 gmol-1 and degree of hydrolysis of 85%, was
supplied from Merck. Gelatin powder (bovine gelatin, 250 Bloom) was supplied from Alfasol.
Alkyldimethylbenzylammonium chloride (benzalkonium chloride) (50%) was purchased from Kimetsan. The
chemicals were used as received.
Main cultures of gram-negative bacteria (Escherichia coli ATCC 35218 and Pseudomonas aeruginosa
ATCC 27853) and gram-positive bacteria (Bacillus subtilis ATCC 6633 and Staphylococcus aureus
ATCC 25293) were supplied from Microbiologics.
2.2. Methods
2.2.1. Preparation of PVA/G/BAC electrospinning solution
Aqueous 12% (w/w) PVA solution was prepared by gently stirring for 2 hours at 70oC. After formation of
homogenous solution, gelatin powder was added, and the resulting mixture was stirred at 70°C for 2 hours
to make homogenous solution. Finally, various amount of BAC was added to produce the spinning solutions.
The final concentrations of the electrospinning solutions were listed at Table 1.
Table 1: The final concentrations of the sample solutions for electrospinning. The concentrations were adjusted to 100%
with distilled water.
Sample code
S1
S2
S3
S4
S5
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PVA
(%)
11.75
11.63
11.27
11.03
10.79

Benzalkonium
chloride (%)
0.5
1.0
2.5
3.5
4.5

Gelatin
(%)
1.0
1.0
1.0
1.0
1.0
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2.2.3. Electrospinning
A 10 ml plastic syringe was filled with PVA/G/BAC solution for electrospinning. Inovenso NE300
Nanospinner model electrospinning device was used to produce nanofibers. A high voltage power was
applied to generate the high electric field between the nozzle and the cylindrical collector. Cylindrical
collector surface was covered with grease-proof paper. The set parameters of electrospinning process were
listed at Table 2.
Table 2: Electrospinning parameters
Parameter
Applied Voltage (kV)*
Feeding Speed (ml/h)
Velocity of cylindrical rotating collector (rpm)

S1
36
1
100

S2
36
1
100

S3
39
1
100

S4
30
0.7
100

S5
27
0.7
100

* The applied voltage was adjusted according to the solution conductivity.

2.2.4. Viscosity and conductivity of solutions
Viscosities of the polymer solutions were determined by using viscometer (Brookfield DV-E Viscometer,
USA) with S21 spindle at 50rpm and 60rpm. Conductivities of the polymer solutions were measured by
conductivity-meter (WTW Cond 3110, Germany). All experiments were carried out at room temperature.
2.2.5. Morphology of nanofiber structure
The morphologies of the electrospinning nanofibers were analyzed with SEM images (JEOL JSM-5910 LV,
Japan). The average fiber diameters of the PVA/G/BAC nanofibers were measured by Image J software
from the SEM images.
2.2.6. Mechanical test
All nanofiber membranes were cut to 50x10mm (length x width) for the mechanical test. Instron 4411
universal test device was used to examine the mechanical properties of nanofiber membranes. The piston
speed was set 30mm/min.
The thicknesses of nanofiber membranes were measured with a Mitutoyo digital thickness gauge.
2.2.7. Antibacterial activity
ISO 20645:2004 method was mimicked to determine the antibacterial activity of electrospun samples [13].
The bacterial strains stored at 80oC were precultured in 10ml broth medium in shaking incubator at 37±1oC
for 16h. The broth media were Nutrient Broth for E. coli and B. subtilis bacteria, and Trypticase Soy Broth
for S. aureus and P. aeruginosa bacteria. 10μl of the precultures were inoculated into the desired volume
of fresh broth media. Approximate CFU numbers were estimated from McFarland densitometer
measurement and the bacterial culture was produced by incubating at 37±1 oC until the bacteria
concentration reached 108 CFU/ml [14].
To test antibacterial activities of the samples, soft agar plates were prepared by adding 7.5g/L Agar into the
broth media described above. After cooling to 40-45 oC, the bacterial culture was added such a way that
bacterial concentration reaches to 106 CFU/ml, which was adjusted via McFarland measurement. After
gelation of the agar mediums, each sample to be tested was cut in 20mm x 20mm size and was placed on
the soft agar medium. The petri plates were incubated at 37±1oC for 24 hours. For accuracy, the
experiments were performed and repeated three times. Then, the inhibition zones of S1-S5 samples were
compared with each other [15].
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3. Results
3.1. Viscosity and conductivity of solutions
Table 3 shows viscosity and conductivity of all solutions.
Table 3: Viscosity and conductivity of the solutions
Number
Viscosity values of solutions (cP)
Conductivity values of solutions ( S/cm)
S1
322
1645
S2
348
1935
S3
414*
3000
S4
344
3690
S5
616
4570
*Measured at 60rpm, while the other samples were measured at 50rpm.

As shown at Table 3, solution viscosities generally increased in parallel to increase in BAC concentration
and the highest viscosity was observed at the most BAC including sample. Increase in BAC concentration
increased the conductivities of the solution and the highest conductivity was observed at the most BAC
including sample. Increase in the conductivity made it necessary to reduce the applied voltage at S4 and
S5.
3.2. Morphology of nanofiber membrane
The morphologies of the electrospinning nanofibers were analyzed with SEM images.
S2

S1

S4

Figure 1: The SEM images of S1-S5 samples.
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The fiber diameters of samples S1-S5 were 51±13nm, 135±19nm, 67±18nm, 82±18nm and 93±13nm
respectively. When BAC concentration increased, the nanofiber diameters of PVA/G/BAC membrane
increased. But, the average nanofiber diameter increased at 1.0% BAC concentration (S2). The thinnest
fiber diameter (51±13nm) was observed at the least BAC containing sample (S1).
3.3. Mechanical test
Vertical and horizontal strength values of PVA/G/BAC nanofiber membranes were measured (Chart 1 and
Chart 2).

Strength value (MPa)

Vertical Strength (MPa)
6
5
4
3
2
1
0

4.299
3.093

S1

S2

3.083

S3
Sample codes

2,567

1.873

S4

S5

Strength value (MPa)

Chart 1: The measured vertical strength values of nanofiber membranes
6
5

4.058

Horizontal Strength (MPa)
3.646
2.792

4
3

2,696

2,333

2
1
0

S1

S2

S3
S4
S5
Sample codes
Chart 2: The measured horizontal strength values of nanofiber membranes

The highest vertical strength and horizontal strengths were observed at the least two BAC concentrations
(0.5% at S1 and 1.0% at S2). When BAC concentration increased, vertical and horizontal strengths
decreased gradually.
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The thicknesses of nanofiber membranes were also measured (Chart 3).

Thickness value (μm)

Thickness of nanofiber membrane (μm)
21

25
20
15

16

13

13

13

10
5
0

S1

S2

S3
S4
Sample codes

S5

Chart 3: The thickness values of nanofiber membranes

The thickest membrane
was observed when BAC concentration was 1% (S2). The thicknesses
of the membranes were close the each other at S1, S4 and S5 samples.
3.4. Antibacterial activity
Due to the water solubility of PVA, the membranes dissolved in the agar medium and effective samples
created inhibition zones. The most resistant bacterium was P. aeruginosa, which was not inhibited by S1,
produced from 0.5% BAC containing solution (Figure 2).

S1

S3

S2

S4

Figure 2: Antibacterial activity of S1-S5 samples against P. aeruginosa.
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As shown at Figure 2, S1 sample did not create an inhibition zone against P. aeruginosa. The minimum
BAC concentration that produced an inhibition zone against P. aeruginosa was 1% (S2). S2 sample
produced inhibition zone against all the bacteria tested (Figure 3). Therefore, among the tested samples
(S1-S5), S2 sample with minimum amount of chemicals seems optimum for inhibition of all the bacteria
tested.

Figure 3: Antibacterial activity of S2 against E. coli (EC), P. aeruginosa (PA), B. subtilis (BS) and S. aureus (SA)
bacteria.

4. Conclusion
In this study, PVA/G/BAC aqueous solutions were electrospun to produce nanofiber structure with high
mechanical strength and with antibacterial activity against gram negative (E. coli and P. aeruginosa) and
gram positive (B. subtilis and S. aureus) bacteria. Viscosities of the solutions generally increased as
increase in BAC concentration. Also, conductivities of the solutions increased in parallel to increase in BAC
concentration.
The membranes produced from electrospinning of PVA/G/BAC aqueous solutions had uniform and intense
nanofiber distribution with fiber diameter of 51±13nm-135±19nm. The highest vertical and horizontal
strengths nanofibers belonged to S1 and the order of the strengths were S1>S2>S3>S4>S5. Antibacterial
activities of the samples showed that all the samples were effective against E. coli, B. subtilis and S. aureus
but S1 sample (including 0.5% BAC) was ineffective against P. aeruginosa. S2-S5 samples were effective
against all the bacteria tested. 1.0% BAC (S2) was the minimum concentration for inhibition of all the
bacteria tested. Therefore, due to its second best mechanical properties and its low BAC concentration
(1.0%), which decreases environmental concerns and production costs, S2 sample (11.63% PVA + 1.0% G
+1.0% BAC) was thought ideal for electrospinning of PVA/G/BAC solution system.
The membranes electrospun from S2 solution can be good candidates for medical applications like roll
bandage for its good mechanical properties and antibacterial activities against common bacteria (E. coli and
B. subtilis) and pathogenic bacteria (S. aureus and P. aeruginosa) causing nosocomial infections and wound
infections.
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Abstract
Nanotechnological applications in textiles aim to increase performance in textile products and to provide new
functions to textile products. The most permanent and effective ways of obtaining the desired properties are fiberbased applications [1]. The electrospinning method is a simple, low-cost, easy and fast method for producing fibers
in micro- or nano-size, which is suitable to produce a wide variety of products [2].
Antimicrobial textile products are obtained by incorporation of antimicrobial agents into the fiber polymer structure
during fiber production or impregnation of the antimicrobial agents to the textile product after fiber production [3].
Polyurethanes are known to be susceptible to microbial attacks [4] and electrospinning can be a good method for
incorporation of antimicrobial agents into polyurethane (PU). In this study, microfibrils were produced by
electrospinning of polyurethane solutions including different concentrations of chlorhexidine digluconate (CLX).
Morphology, strength and antibacterial properties of these microfibrils against gram-negative (E. coli and P.
aeruginosa) and gram-positive (B. subtilis and S. aureus) bacteria were investigated.
The diameters of produced fibers were in micrometer size, and the PU/CLX surface had intensive fiber structure.
The fiber diameter was inversely proportional to the CLX concentration. The highest vertical strength (5,12MPa)
and horizontal strength (5.11MPa) were obtained when the electrospinning solution included 0.4% and 0.1% CLX
concentration respectively. The fabrics produced from the lowest CLX concentration used (0.1%) showed inhibition
zone against all the tested bacteria and the inhibition zones increased at higher chlorhexidine concentrations. The
lowest tested CLX concentration (0.1%) was found the optimum with good antibacterial and mechanical properties.
Keywords: Microfiber, electrospinning, antibacterial activity, chlorhexidine, polyurethane.
1. INTRODUCTION
Electroplating is a simple and effective production technique used to produce ultra-fine fibers from a wide variety of
materials such as polymers, composites and ceramics. This technique is based on the principle that the electrically
charged liquid polymer is converted to a continuous fiber form on a grounded surface [5].
The reason for preferring polyurethanes as biomarkers is tissue compatibility (no allergic, toxic or carcinogenic
effect) and blood compatibility (not clotting), in addition to the variety of mechanical properties. In addition, their
modifiable capacities and compatibility in biomedical applications are one of the major advantages of
polyurethanes [6].
Incorporation of antibacterial agents into fabrics can be carried out during the polymerization phase or the during
the fiber production. One of the most commonly used method of antibacterial agent incorporation for synthetic
fibers is addition of the antibacterial agents into the polymeric solution to be processed into fibers. The antibacterial
activity of the fibers produced by this method is more permanent, with higher washing and abrasion resistance [7].
Chlorhexidine digluconate is one of the most commonly used germicide especially in medical fields. It is very
effective against many microorganisms. There are scientific studies that it is safe to be able to wash the internal
organs and intestines because it does not cause toxic effect on the area where it is used [8,9].
Electrospinning of polyurethane has been tried in the literature. For example, polyurethane microfiber production
was carried out by horizontal needle electrospinning method and the effects of PU polymer and TEAB salt
concentration on fiber morphology (fiber diameter, diameter uniformity, non-fiber area, bead quantity) were
investigated by Çallıoğlu et al. (2013) [10]. Chlorhexidine digluconate (CLX) is an antibacterial active agent that is
used in the medical sector as antiseptics that contact with our skin, such as mouth rinses and antibacterial soaps
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[11]. Although the conversion of PU and CLX containing solutions separately into fibers by electrospinning method
has been studied in the literature before, the electrospinning of a solution containing both PU and CLX has not
been studied before and it is aimed to be performed for the first time in this work.
2. Materials and Methods
2.1. Materials
Polyurethane (PU) block co-polymer pellets (consists of difhenylmethane-4,4’-diisocyanate, adipic acid, ethylene
glycol, ethylene oxide, polypropylene oxide, 1,4-butanediol and bisphenol A) were purchased from SMP
Technologies Inc. (Japan). N,N-Dimethylformamide (DMF) and tetrahydrofuran (THF) were supplied from Merck
and Sigma-Aldrich respectively. Chlorhexidine digluconate (CLX) (20%) was purchased from Kimetsan and was
used as received.
Main cultures of gram-negative bacteria (Escherichia coli ATCC 35218 and Pseudomonas aeruginosa ATCC
27853) and gram-positive bacteria (Bacillus subtilis ATCC 6633 and Staphylococcus aureus ATCC 25293) were
supplied from Microbiologics.
2.2. Methods
2.2.1. Preparation of polyurethane stock solution
10% (w/w) polyurethane stock solution was preparing by dissolving in 1 parts of polyurethane in 9 parts of
DMF/THF (50/50, w/w) mixture for 2-3 hours at room temperature under magnetic stirring.

2.2.2. Preparation of the electrospinning solution
Under magnetic stirring, the PU and CLX stock solutions were mixed with DMF/THF (50/50, w/w) mixture at various
concentrations until homogenous solution forms. The final concentrations of the samples were listed at Table 1.

Table 1: The final concentrations of the sample solutions for electrospinning. The concentrations were adjusted to 100% with
DMF/THF (50/50, w/w) mixture.
Sample Codes
1
2
3
4
5

PU (%)
1.0
0.99
0.98
0.95
0.93

CLX (%)
0.1
0.2
0.4
1.0
1.4

2.2.3. Electrospinning
A 10 ml plastic syringe was filled with PU/CLX solution for electrospinning. Inovenso NE300 Nanospinner model
electrospinning device was used to produce microfibers. A high voltage power was applied to generate the high
electric field between the nozzle and the cylindrical collector. Cylindrical collector surface was covered with greaseproof paper. The set parameters of electrospinning process were as follows: applied voltage 22kV; distance
between cylindrical rotating collector and the nozzle 27.5cm; feeding rate of the polymer solution 6ml/h; the velocity
of cylindrical rotating collector 100rpm.
2.2.4. The viscosity and conductivity of solutions
The viscosity of the polymer solutions was determined by using viscometer (Brookfield DV-E Viscometer, USA).
The viscosity measurement was performed with S21 spindle at 100rpm. The conductivity of the polymer solutions
was measured by conductivity meter (WTW Cond 3110, Germany). All experiments were carried out at room
temperature.
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2.2.5. Morphology of microfiber structure
The morphology of the electrospinning microfibers was analyzed with SEM images (JEOL JSM-5910 LV, Japan).
The average fiber diameter of the PU/CLX microfibers was measured by Image J software from the SEM images.
2.2.6. Mechanical test
All microfiber structures were cut to 50x10mm (length x width) for the mechanical test. Instron 4411 universal test
device was used to examine the mechanical properties of microfiber structures. The piston speed was set
30mm/min.
The thicknesses of microfiber structures were measured with a Mitutoyo digital thickness gauge.
2.2.7. Antibacterial activity
ISO 20645:2004 method was mimicked to determine the antibacterial activity of the electrospun samples [12]. The
bacterial strains stored at 80oC were precultured in 10ml broth medium in shaking incubator at 37±1oC for 16h. The
broth media were Nutrient Broth for E. coli and B. subtilis strains, Trypticase Soy Broth for S. aureus and
P. aeruginosa. 10μl of the precultures were inoculated into the desired volume of fresh broth media. Approximate
CFU numbers were estimated from McFarland densitometer measurement and the bacterial culture was produced
by incubating at 37±1oC until the bacteria concentration reached 108 CFU/ml [13].
In order to test antibacterial activities of the samples, soft agar plates were prepared by adding 10g/L agar into the
broth media described above. After autoclave sterilization, the medium allowed for cooling down. Just before the
gelation, the bacterial culture (108 CFU/ml) was added to the soft agar media and the resulting soft agar media was
poured into the petri dishes. The final bacteria concentration of the soft agar medium was 106/ml.
Later, each sample to be tested was cut to 20mm x 20mm size and was placed on the soft agar medium. Then, the
petri dishes were incubated at 37±1oC for 24 hours. For accuracy, the experiments were performed and repeated
three times. The average diameter of the inhibition zones was calculated using equation (1) [14]:
A = (B – C) / 2

(1)

Where, A is the average diameter of clear inhibition zone in mm, B is the total diameter of inhibition zone including
the sample and clear zone in mm, and C is the length of the sample to be tested.
and diameter of the inhibition zone was measured after incubating at 37±1oC for 24 hours.
3. Results
3.1. Viscosity and conductivity of the solutions
The viscosity and conductivity values of all solutions were measured and shown at Table 2.

Table 2: The viscosity and conductivity of the solutions
Sample Codes
1
2
3
4
5

Viscosity (cP)
189.2
138.5
135.5
156.5
168.5

Conductivity (µs/cm)
30
13.6
25.2
62.5
101.6

According to the results (Table 2), the highest viscosity (189.2cP) was observed at 0.1% containing PU solution.
Further increase in CLX concentration up to 0.4% caused a decrease in the viscosity down to 135.5cP. At this
point, further increase in CLX concentration increased the viscosity. Similar pattern was valid for conductivities.
Increase in CLX concentration from 0.1% to 0.2% decreased the conductivity, but further increase in CLX
concentration caused an increase in conductivity and the highest conductivity was observed at the highest CLX
(1.4%) including solution.
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3.2. Morphology of microfiber structure
The morphology of the electrospinning microfibers was analyzed with SEM images (Figure 1).

2

1

3

4

5

Figure 1: SEM images of samples 1-5.
The obtained fibers were in micrometer size, and the PU/CLX surface had intensive fiber structure. The fiber
diameters of samples 1-5 were 1.64±
, 1.29±
, 1.17±
, 1.11±
1.10±
respectively. In other words, the fiber diameter was inversely proportional to the CLX concentration.
3.3. Mechanical tests
The vertical strength and the horizontal strength values of PU/CLX microfiber structures were measured (Chart 1
and Chart 2).

Strength value (MPa)

Vertical strength(Mpa)
6,00
5,00

4,56

4,82

5,12

4,07

4,00

2,99

3,00
2,00
1,00
0,00

1

2

3
Sample codes

4

5

Chart 1: The measured vertical strength values of microfiber structures

Strength value (MPa)

Horizontal Strength (MPa)
6,00
5,00
4,00
3,00
2,00
1,00
0,00

5,11

3,14

1

2

3,98

3,59

3
Sample codes

4

3,46

5

Chart 2: The measured horizontal strength values of microfiber structures
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The average vertical and horizontal strengths were 4.31 Mpa and 3.86 MPa respectively. Sample 1, electrospun
from 0.1% CLX containing solution, had the highest horizontal strength higher vertical strength than the average.
Due to the good mechanical properties and the lowest (cheapest) CLX concentration, sample 1 seems optimal at
the mechanical tests.
The thicknesses of microfiber membranes were also measured and shown at Chart 3.

Thickness value (μm)

Thickness of the membranes (μm)
60
50
40
30
20
10
0

49

46

40

1

2
3
Sample codes

42

52

4

5

Chart 3: The thickness values of membrane structure

The thicknesses of the samples were close to each other and varied between 40Despite of a small
fluctuation at thickness of sample 4, generally the thickness of the membrane increased by increase in CLX
concentration and the thickest member was produced from the most CLX containing solution. Sample 1, which has
the least CLX concentration (0.1%), had the thinnest membrane structure.

3.4. Antibacterial activity
The antibacterial activities were determined from their inhibition zone diameters (Chart 4).
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Chart 4: Inhibition zone diameters (mm) created by antibacterial activity of the electrospun samples 1-5.

All the samples created ≥2cm inhibition zone diameters against all the bacteria tested. The most susceptible
bacterium was B. subtilis and the most resistant one was P. aeruginosa. Due to its resistance, P. aeruginosa
containing petri dishes and the inhibition zones were closely investigated at Figure 2.
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Sample 2

Sample 1

Sample 3

Sample 4

Sample 5

Figure 2: Antibacterial activities of the samples against P. aeruginosa

As shown at Figure 2, all the samples had antibacterial activity against P. aeruginosa. The antibacterial activity
started at the lowest CLX concentration (Sample 1). Interestingly, Sample 1 (with 0.1% CLX) usually had greater
antibacterial activity than Sample 2 (with 0.2% CLX) and it had close antibacterial activity with Sample 3 (with 0.4%
CLX). The antibacterial activity of Sample 4 and Sample 5 were higher than the other samples (Chart 4 and Figure
2). These results correlate with the conductivity results (Table 2). The samples electrospun from more conductive
solution showed higher antibacterial activity usually free from its CLX concentration (Chart 4 and Table 2). The
possible explanation may be higher CLX concentration at the products (membranes) at more conductive solutions.
When the results of Sample 1 were closely investigated, it was effective against all the bacteria tested. It was more
effective against gram positive bacteria and the effectivity was by the order of B. subtilis > S. aureus > E. coli >
P. aeruginosa. The most susceptible bacterium was B. subtilis with the highest inhibition zone diameter and the
most resistant one was P. aeruginosa with the smallest inhibition zone diameter.

4. Conclusion
In this study, polyurethane (PU) together with chlorhexidine digluconate (CLX) were electrospun into microfibers for
the first time. 5 samples were produced electrospun from 0.1%-1.4% CLX containing PU solutions and the
optimum parameters in case of morphological, mechanical and antibacterial properties were determined. All the
obtained fibers were in micrometer size, and the PU/CLX surface had intensive fiber of structure. All the fibers
showed antibacterial activity against all the tested bacteria by the order of B. subtilis > S. aureus > E. coli >
P. aeruginosa. The samples electrospun from more conductive solutions usually showed higher antibacterial
activity.
Sample 1, electrospun from the lowest (0.1%) CLX containing PU solution, had good mechanical properties with
the highest horizontal strength and higher vertical strength than the average of 5 samples. Due to the antibacterial
activity against all the bacteria tested, the lowest chemical (CLX) use, and good mechanical properties,
electrospinning from 0.1% CLX and 1.0% PU in DMF/THF (50/50, w/w) mixture seems optimal at this study.
Further experiments are being planned on in vitro cytotoxicity tests against human cell lines.
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Abstract:
The global demand for carbon fibers for the year 2016 was approximately 70 kt and is anticipated to exceed 100 kt by 2020.
Currently, the aviation and aerospace sector is the industry with the highest demand. Then again, automotive and wind applications are becoming increasingly important. Although the growth trend in the carbon fiber market is expected to remain strong
with an annual growth in the range of +8 to +14 %, manufacturing costs are still one of the limiting factors for the use of carbon
fibers in mass market applications. The paper shares future developments in research on PE-based carbon fibers. Major challenges lie, on the one hand, in developing industrial scale production equipment, and on the other, in optimizing and harmonizing the individual production steps along the process chain. In addition to the technological aspects, developments at fiber
level are also presented.
Keywords: carbon fibers, alternative precursors, polyethylene

I. Introduction
Carbon fibers have outstanding properties with a low density at the same time. Due to the complex manufacturing
process, the production costs of polyacrylonitrile-(PAN-)based carbon fibers are at a high price of around 20 €/kg.
High production costs for carbon fibers are one of the reasons why the use of carbon fiber reinforced composites is
still limit to high performance and high price applications like aircraft structures and luxury cars. In recent years
global demand for light weight components by industrial applications (e. g. automotive industry or wind energy) has
increased. For industrial applications, manufacturing costs are a crucial factor, whereas the mechanical properties
must be tailored to the respective purpose. For instance, the target properties of the automotive industry are far
below the mechanical properties of standard modulus carbon fibers which have approximately 80 to 90 % of total
carbon fiber market today (Das et al. 2016). At the same time carbon fiber price needs to be below 10 €/kg (cf. Fig.
1).
6
Melt processable
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Fig. 1: Mechanical properties (left) and comparison of projected production costs (right) of carbon fibers based on alternative
precursors (Warren 2011, Warnecke et al. 2015, Ellringmann 2015, Wortberg 2017, De Palmenaer 2017)

Since potential cost savings of optimizing the conventional PAN-based process chain are too low, new processing
concepts have to be developed. Therefore, alternative precursors for carbon fiber production are currently being
researched. Among the materials investigated, only polyethylene-(PE-)based carbon fibers combine sufficiently
high mechanical properties with low production costs.

326

1

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

II. Polyethylene-based carbon fiber production
Approximately 50 % of the PAN-based carbon fibers’ production costs are caused by the precursor production
process (Ellringmann 2015). The PAN raw material, the solvent and the solvent recovery are the main cost drivers.
However, the production of carbon fibers based on PE requires different processes for realizing high quality fibers.
The processing paths of PE- and PAN-based carbon fibers are similar, yet they differ in detail. Starting from the PE
raw material a multifilament fiber is spun by means of the melt spinning process. Because oxygen degrades PE at
higher temperatures and no cyclization reaction is initiated by thermal energy, the thermal stabilization under an
oxygen containing atmosphere is replaced by thermochemical stabilization with hot sulphuric acid (sulphonation).
Subsequently the sulphonated precursors are carbonized by removing non-carbon elements, activated and coated
with a sizing (cf. Fig. 2).
Solution
Spinning

Thermal

Thermal

Activation
and Sizing

Precursor

Stabilization

Carbonization

After Treatment

Melt
Spinning

Thermochemical

Thermal

Activation
and Sizing

PAN-based CF

PE-based CF
H2SO4
Fig. 2: Redesign of carbon fiber process chain

Tab. 1 lists mechanical properties of PE-based carbon fibers which were produced at the Institut für Textiltechnik
(ITA) of RWTH Aachen University. The properties meet the required properties specified by the automotive industry.
The thermochemical stabilization and the carbonization of the 12 k PE-based precursor yarn were carried out
continuously. For this, a laboratory scale sulphonation facility was developed and built in cooperation with Texmer
GmbH & Co. KG, Petersberg-Böckels (Germany) within the framework of a public funded project. The precursor
fibers were treated in 120 °C hot sulphuric acid (96 wt.-%) for 4 hours. For carbonization the sulphonated fibers
were thermally treated to a maximum temperature of 900 °C under nitrogen atmosphere. Analogous to the
PAN-based CF production the PE-based carbonization is divided in two zones with different temperature and tensile profiles resulting in a carbon yield of approximately 75 %.
Tab. 1: Properties and estimated price of PE-based carbon fibers in comparison to requirements from the automotive industry
(Wortberg 2017, De Palmenaer 2017)
Property of carbon fibers

Unit

Automotive industry

PE-based carbon fibers

Met?

Tensile strength σ

MPa

1,730 - 2,800

≈ 1,900



Young’s modulus E

GPa

155 - 190

≈ 178



Elongation ε

%

> 1.0

≈ 1.2



Single filament diameter dF

µm

7.0 - 8.0

≈ 7.0



g/cm3

1.8 - 2.0

≈ 1.95



€/kg

5.0 -12.0

≈ 9.5



Density ρ
Price carbon fibers

III. Technical Challenges
Intensified research efforts are, however, necessary to produce PE-based carbon fibers on a pilot or industrial level
and for reaching the fibers’ full potential. Technical challenges are, on the one hand, the development of industrial
scale sulphonation equipment as well as a sulphuric acid recovery system. On the other hand, the individual
sub-process steps along the newly developed process chain have to be optimized and harmonized.
2
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A technical challenge that must be overcome in order to upscale the production process is the development of a
new sulphonation technique and, in the same context, the identification of suitable process parameters. Currently
one PE precursor roving is guided through sealed glass vessels filled with sulphuric acid. For an industrial line
processing several rovings simultaneously, spraying of sulphuric acid inside a sealed tank could be more productive. Other important points are the correct washing process of the sulphonated fibers, the recovery of used sulphuric acid as well as the exhaust gas treatment.
During sulphonation process, SO3 molecules are incorporated into the PE fibers and at the same time H 2O is
produced. As a result, the concentration of the sulphuric acid decreases with increasing process time. If the acid
concentration drops down below 90 %, the reactivity of the acid decreases significantly and the process takes
more time (Leon y Leon et al. 2001, De Palmenaer 2017). To minimize the loss of sulphuric acid concentration,
currently, the reaction vessels are filled with nitrogen. This prevents the acid to react with air humidity. Thus, industrial scale production requires a circulating system in which the acid is constantly renewed in order to guaranty
homogenous sulphonation conditions. Otherwise there would be parts of the fibers which are not sufficiently stabilized, resulting in fiber breakage during carbonization. In the same context, the pollution of the sulphuric acid during
the treatment is a concern. After some treatment time, the previously transparent sulphuric acid initially turns light
brown, dark brown and even black. This results on the one hand from a reaction of the sulphuric acid with the fibers’
spin finish or the fiber coating and on the other hand from small fiber residuals which remain in the reaction vessel
during the entire processing time. Consequently, the acid recycling system also has to remove the acid contamination.
As mentioned above, sulphur-containing components are incorporated into the precursor fibers during sulphonation so that they can withstand the hot carbonization temperatures. However, in the carbonization process all
components except carbon are removed. Thus, the exhaust gas of the carbonization contains a significant amount
of sulphur oxides (SO2, SO3). Tab. 2 shows all components that are released up to a maximum temperature of
1,500 °C during carbonization. The data of the exhaust gas were collected using a thermogravimetry instrument
which was coupled to a mass spectrometer (Netzsch STA 449 F3 Jupiter, Netzsch-Gerätebau GmbH, Germany).
Tab. 2: Products formed during carbonization (De Palmenaer 2017)
Exhaust gas components
H2O
CO2
SO2
SO3

Percentage [wt.-%]
32.74
45.40
13.53
8.33

In this case, too, with industrial scale production of PE-based carbon fibers, it would not be possible to simply
release the exhaust gases from carbonization into the environment. The emission limits in Germany or in Europe
would be exceeded by many times (De Palmenaer 2017). The after treatement of exhaust gases from carbonization is therefore a crucial aspect in the development of production technology for PE-based carbon fibers. However,
by means of desulfurization processes waste gases which contain sulphur compounds can by recycled. During the
cleaning the sulphur bearing compounds are converted to sulphuric acid which can subsequently fed back into the
sulphonation cycle.
IV. Future prospects
Future research and innovation from precursor to fiber reinforced component are required along the entire textile
process chain. On fiber level, two strategic approaches are being pursued to enable the use of PE-based carbon
fibers and the related market entry (cf. Fig. 3). One development focuses on increasing the competitiveness of
PE-based carbon fibers compared to conventional carbon fibers. A decisive advantage is the more cost effective
production process, though at present there is still a difference in mechanical properties. Thus, the fibers’ tensile
properties have to be improved. It is assumed that by investigating the influence of the applied tensile stress during
sulphonation and carbonization a tensile strength of approximately 2.8 GPa and a Young’s modulus of about
210 GPa is achieved. In this case, the new developed fibers could be used as a low cost alternative to conventional
carbon fibers.
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PE-based carbon fiber
Approach

1) Low cost carbon fiber to replace
PAN-based carbon fiber

2) Isotropic carbon fiber

High tensile strength
Goal: σZ > 2.8 GPa
(fiber)

High compressive strength
Goal: σD > 1.8 GPa
(UD laminate)

Technical goals

Production costs
< 10 €/kg

Economic goals

Fig. 3: Future research approaches
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Apart from that, the lower tensile modulus of the PE-based carbon fibers suggests that the fiber structure is favourable for higher compressive strength values. Wide angle x-ray diffraction analysis shows that the fiber structure differs from PAN-based carbon fibers by the fact that the crystallites have a different preferred orientation. The
less anisotropic crystalline structure of the PE-based carbon fibers could result in a higher compressive strength.
This assumption is supported by Fig. 4. Tensile modulus and compressive strength of composites made of conventional carbon fibers show an opposite trend when plotted as a function of fiber anisotropy (ratio of tensile and
shear modulus). A less anisotropic fiber structure results in a composite with higher compressive strength values
and vice-versa. Under these circumstances it would be possible to design PE-based carbon fibers especially for
applications with increased compressive strength requirements.

0
10

30

50
70
Anisotropy EF/GF [-]

90

Fig. 4: Compressive strength and tensile modulus of conventional carbon fiber reinforced composites as a function of the fiber
anisotropy (data sheets of carbon fiber manufacturers: SGL Carbon SE; Toray Carbon Fibers America, Inc.; Hexcel Corp.; Toho
Tenax Co., Ltd.; Cytec Solvay Group)

In consideration of both fiber research topics, the investigation of the carbon fiber after treatment (activation and
coating) as well as validation of fiber properties in a composite is also necessary. However, the economic goal is to
reduce the production costs as much as possible. A first economic evaluation based on a 1,500 tons per year
production facility shows that production costs of less than 10 €/kg are possible for PE-based carbon fibers.
V. Conclusion and outlook
The growing demand for low-cost carbon fibers is the starting point for research on carbon fibers based on alternative raw materials. Apart from reduced costs, tailor-made fiber properties are a decisive characteristic. A customized carbon fiber design allows a purposeful use. In the automotive industry, for example, the primary focus is
on weight reduction with a minimal increase in material costs. Compared to steel or glass fiber reinforced composites, an increase in performance is not required (De Palmenaer 2017). In this context, the work at ITA provides
4
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principle feasibility and underlines the basic economic potential of carbon fiber production on basis of polyethylene.
Potential fields of application for PE-based carbon fibers are applications where aircraft grade carbon fibers are not
required. Therefore, future core markets for PE-based carbon fibers could be the automotive industry and the wind
power industry. In wind power industry crucial design criteria are stiffness and compressive strength. However,
currently, these two properties are contradictory when using carbon fibers (cf. Fig. 4). Similar material requirements
are found in the automotive industry, where manufacturing costs are the main driver. Fig. 5 shows a forecast of
global carbon fiber reinforced composites demand by automotive and wind energy sector in thousands of tons by
2022.

Carbon fibre reinforced composites demand
[kt]

80
70
60
50

2016
2018

40

2020
30

2022

20
10
0

Wind energy

Automotive

Fig. 5: Development of global carbon fiber reinforced composites demand by automotive and wind energy applications (Das et
al. 2016)

To facilitate widespread use of carbon fibers in the markets mentioned above, the PE-based carbon fiber production is the most promising alternative in terms of production costs and mechanical properties achieved. Remarkable progress in low-cost carbon fiber research has been done, even though the full potential of PE-based carbon
fibers has not yet been fully realized. For a successful realization of the production process on industrial level, the
entire process chain from precursor spinning to the activated and sized carbon fiber has to be considered. However,
main obstacle is the lack of plant technology for industrial sulphonation of PE precursors. The key factors are the
sulphonation technique itself and an efficient recycling system for sulphuric acid.
References
Das S., Warren J., West D., Schexnayder S. M., Global Carbon Fiber Composites Supply Chain Competitiveness Analysis,
Technical Report, (2016)
De Palmenaer A., Ermittlung der Prozessparameter zur kontinuierlichen Herstellung von Polyolefin-basierten Carbonfasern,
Ph.D. Thesis, RWTH Aachen University, Aachen: Shaker, (2017)
Ellringmann T., Potenzialbewertung von Carbonfasern aus neuen Precursoren, Ph.D. Thesis, RWTH Aachen University,
Aachen: Shaker, (2015)
Leon y Leon C. A., O'Brien R. A., McHugh J. J., Dasarathy H., Schimpf, W. C., Polyethylene and Polypropylene as low cost
carbon fiber (LCCF) precursors, 33rd International SAMPE Technical Conference, November 5 - 8, 2001
Warnecke M., De Palmenaer A., Wortberg G., Seide, G., Gries, T., Faserstofftabelle Carbonfasern aus alternativen Precursoren
/ Fibre table Carbon fibres made from alternative precursors. Institut für Textiltechnik (ITA) of RWTH Aachen University, Aachen:
Shaker, (2015)
Warren C. D., Low cost carbon fiber overview, Oak Ridge, TN: Oak Ridge National Laboratory, (2011)
Wortberg, G.: Entwicklung Polyolefin-basierter Precursoren für die thermochemische Stabilisierung, Ph.D. Thesis, RWTH
Aachen University, Aachen: Shaker, (2017)

5

330

ETT0136

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Temperature Sensing Behavior of PEDOT: PSS Coated Smart Textiles
1

Hidayet Köse, 1*Suat Çetiner

1
Kahramanmaras Sutcu Imam University,
Faculty of Engineering and Architecture, Department of Textile Engineering, Kahramanmaras, 46100, Turkey

* E-mail:suatcetiner@ksu.edu.tr

Abstract
The temperature of the human body is an important sign of physical condition in terms of comfort, performance, heat or cold stress.
Temperature is one of the important parameters followed in many areas such as production processes, structural health
monitoring, in home and health care applications. Property of the temperature sensor is referred as the ability to change resistance
depending on the increase or decrease in temperature of the material. Textile based temperature sensors show great advantages
for applications in smart structures compared to electronic sensors. For example, in health care applications, temperature sensors
used in smart textile technology can provide an assessment of temperature changes on the skin surface. This data can be used in
physiological evaluation, control and patient comfort development as well as wound healing. In this study, we define a different
approach to manifacturing conductive textiles with temperature sensing capacity. For this approach, we obtained a textile based
temperature sensor using PEDOT: PSS as conductive polymer via Drop Casting-Drying method.
Keywords: Temperature sensor, PEDOT:PSS, Smart textiles, Drop casting

I. Introduction
Smart textiles are able to adapt its properties under the external conditions. Their peroperties include: color
changing, generating and transffering heat using electricity or phase changing, sensor properties, sensitive to
environmental temperature changes, have the capacity to save the shapes used before and return to them,
generally under thermal conditions. Smart textiles are classiffied in four categories (Stoppa and Chiolerio 2014)
1) Passive smart materials are sensitive to environmental conditions or stimulus.
2) Active smart materials are able to feel and respond to external conditions and stimulus.
3) Very smart materials perform triple functions. These are sensors able to retrieve environmental stimulus,
respond to them, adapt and reshape under environmental conditions.
4) Materials with even higher level of intelligence develop artificial computer intelligence. This class of materials
and systems are carried out by connecting very smart materials and structures with advanced computer
interfaces.
The garments tailored from smart textiles have a wide range of applications: assessment of health risks and
treatment of diseases, long-term monitoring of physical activity in sport or evaluation of stress during work. One
problem that needs to be solved when integrating any electronics into textiles is to choose a design that does not
disturb the wearer. Currently, electronics are mostly integrated into textiles by using commercial ICs which provide
a large range of electronic functions but alter the textile properties or by weaving metallic and optical fibers that
have a limited range of functions (Kinkeldei et al. 2009).
In last few years, within the domain of electronic textiles, rigorous research has been carried out predominantly in
respect of the inclusion of sensing functions into the textile products. Textile has a flexible platform that has a
comfort in terms of clothing and carries the sensing functions. One of the most important components of wearable
health monitoring systems is the sensors. These sensors can be used to assist in the diagnosis, management and
monitoring of various diseases. Most research into wearable health monitoring systems focuses on the
development of ECG and respiration sensors. Most researchers rely on thermistors and temperature ICs that are
attached to the outside of the garment to measure human body temperature. In medical settings, there are four
vital signals that are standard: human body temperature, heart rate, blood pressure and breathing. Information of
vital signs is used for medical evaluation of health status. Human body temperature is the most important indicator
of the physical condition of the human body. It relates to the comfort and performance of human body in heat and
cold stresses. The deviation of few degrees, from the normal body temperature, i.e., 37 °C can cause impairment
and fatality to the human body (M. Husain and Kennon, 2013; M. D. Husain, Atalay, and Kennon, 2013; Sibinski,
Jakubowska, and Sloma, 2010; Lugoda et al. 2017).
In some cases, sensing components have been used as components connected to the system. Also, sensing parts
have been realized as an integral part of the garment by using conductive yarns. Thus, the creation of sensing
modules as integrated textile structures has facilitated manufacturing of washable smart garments. Although textile
1
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based sensing technology covers different types of sensors, textile-based temperature sensing technology is not
studied comprehensively as compared to respiration monitoring or ECG monitoring. Some studies have been
conducted in respect of the creation of textile based sensing structures (M. D. Husain, Atalay, and Kennon, 2013).
In recent years, conductive polymers have been used to produce conductive textiles. There are different types of
conductive polymers, such as polyacetylene, polypyrrole, polythiophene, polyphenylene, polyaniline, etc. Among
these types, polypyrrole and polythiophene and their derivatives show conductivities that are stable at room
temperature and above for years. Polythiophenes, in particular, represent an important class of conducting
polymers due to their solubility, processability, and environmental stability, beside possessing excellent electrical
conductivity, electroluminescent property, and non-linear optical activity. Such a property provides a basis for a
potential application in multifunctional sensors (Daoud, Xin, and Szeto, 2005).
Poly(3,4-ethylenedioxythiophene) shows high conductivity, transparency and possesses great environmental
stability. However, this material is insoluble in water or organic solvents and is thus, difficult to apply using casting
or spin-coating techniques. Recently, PEDOT–PSS has been utilized as a sensing material in various applications
such as sensor arrays, including textile heaters or circuits for wearable electronics, flexible supercapacitors, fiber
actuators and artificial noses. PEDOT:PSS exhibits properties such as solubility, long- term stability and solution
process (Figure 1). In addition, if a polar solution is added to the PEDOT:PSS aqueous solution as a second dopant
such as DMSO (Figure 2), the conductivity of the PEDOT:PSS films increases (Figure 3) ( Alhashmi, 2017; Daoud,
Xin, and Szeto 2005; Kirihara et al. 2017).

Fig.1: Chemical structure of PEDOT: PSS

Fig. 2: Chemical structure of DMSO

Fig. 3: Structural change of PEDOT:PSS by adding a high boiling point solvent (DMSO) (Bali et al. 2016)

In this study, we define a different approach to manifacturing conductive textiles with temperature sensing capacity.
For this approach, we obtained a polyester based temperature sensor using PEDOT: PSS as conductive polymer
via Drop Casting-Drying method.
II. Experimental Set-up and Procedure
Materials
PEDOT:PSS dispersion (pH 1.5-2.5) was purchased from Sigma Aldrich. DMSO, methanol and ethanol were supplied
from Merck and were used as received. A scoured and undyed 100% polyester (PET) woven fabric with a 256 gr/m2
was supplied from Kipaş/Turkey.
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Method
The process is illustrated in Figure 4. The PET fabric was washed with distilled water and dried before the coating
process. Polymerization was performed in a beaker by mixing with DMSO and PEDOT:PSS. The homogeneous
PEDOT:PSS-DMSO solution was transferred to a syringe and dropped on PET fabric (Figure 4).

Fig. 4: Procedure of Drop Casting

The polymerization cycle was repeated for 6 times to achieve higher electrical conductivity. The uncoated PET fabric
and PEDOT:PSS coated PET fabric were showed in figure 5.

Fig. 5: a) Uncoated PET fabric, b) PEDOT:PSS coated PET fabric

III. Analysis
Fourier Transform-Infrared (FT-IR) spectra analysis for PEDOT:PSS-coated polyester fabrics was performed using
a Perkin Elmer Spectrum One. Scanning electron microscopy (SEM) analysis for PEDOT:PSS-coated polyester
fabrics was carried out using a ZEISS/EVO LS10. Four point surface resistivity measurement was carried out using
a KEITHLEY 2400 source meter.
IV. Results and discussions
Fourier Transform-Infrared (FT-IR) Analysis
Figure 6 presents the IR spectrum of the uncoated PET fabric, PEDOT:PSS, DMSO and PEDOT:PSS coated PET
fabric.

3
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Fig. 6: Fourier Transform Infrared Spectra of (a) pristine PET fabric; (b) PEDOT: PSS; (c) DMSO; (d) PEDOT:PSS coated PET

In the absence of PEDOT:PSS a strong absorption band at 1712 cm -1 is attributed to C=O stretching vibration of
PET. Other absorption peaks of polyester fabrics are aromatic ring stretching (1408 cm -1), carboxylic ester or
anhydride (1338 cm -1), O=C–O–C or secondary alcohol (1090 and 1015 cm -1), C=C stretching (969 cm -1), five
substituted H in benzene (871 cm -1), two neighboring H in benzene (847 cm -1) and heterocyclic aromatic ring
stretching (722 cm -1) (Cetiner et al., 2017;Li et al., 2010).
In the presence of PEDOT:PSS, the absorption peak at 1711 cm -1 is usually associated with the doped state of
PEDOT:PSS. Vibrations at 1408 and 1339 cm-1 are attributed to the stretching modes C–C in the thiophene ring.
The bands at 1092 and 1016 cm–1 are attributed to the C-O-C bending vibration in ethylenedioxy group. The bands
seen at 969 and 871 cm–1 are the characteristic bands of stretching vibrations of the C-S-C bond in thiophene ring
(Cetiner et al., 2017; Selvaganesh et al., 2007; Zhao et al., 2014). The spectrum of DMSO exhibits peaks at 1438,
1405, and 1310 cm−1. The peaks at wavenumber 1436 and 1407 cm−1 correspond to the antisymmetric bending of
CH3 (δasCH3), and the peak at 1309 cm−1 is identified as a symmetric deformation of CH 3 (δsCH3) group that is
attached to the S atom (Mozhzhukhina et al., 2013).
SEM Analysis
Figure 7 presents surface morphology of the uncoated PET fabric and PEDOT:PSS coated PET fabric.

Fig. 7: Surface Morphologies of Pristine PET Fabric (a, b, c, d) and PET-PEDOT:PSS Fabric (e, f, g, h)
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When the uncoated PET fabric had a quite smooth surface, a significant change on the surface of PET fabric was
occurred after PEDOT:PSS coating.The homogeneously distributed PEDOT:PSS film coatings were observed on
the PET-PEDOT:PSS fabric structures by SEM (Figure 7). The SEM images of PET-PEDOT:PSS composite fabric
surface was coated uniformly by PEDOT:PSS layers. The SEM results showed that the Drop Casting-Drying
process could change the surface morphology of PET fabric effectively and confirmed the conductive polymeric
coatings on fabric surfaces was a remarkable effects that could be used for modifying the microstructure of the
polyester fabrics. While the thickness of the polyester fabric was measured as 440 μm, the thickness of the
polyester fabric containing 1%(v/v) PEDOT:PSS was 486 μm.
Temperature Sensor Behaviour
Figure 8 presents temperature sensor behavior of PEDOT: PSS coated PET fabric.

Fig. 8: Temperature Sensor Behaviour of PEDOT: PSS coated PET fabric

The surface resistivity of PEDOT:PSS coated polyester fabric increased when the temperature increase. The
PEDOT: PSS coated PET fabrics reacted the temperature increase and their surface resistivity values were
decreased from 1.4x104 ohm to 2.0x103 ohm with the increase of temperature from 25 oC to 50 oC.
V. Conclusions
In this study, PEDOT:PSS coated PET fabrics were fabricated by Drop Casting-Drying Method and their
temperature sensor behaviours were investigated. The PEDOT: PSS coated PET fabrics reacted the temperature
increase and their surface resistivity values were decreased from 1.4x104 ohm to 2.0x103 ohm with the increase of
applied temperature from 25 oC to 50 oC. The electrically conductive PET fabrics could be used as temperature
sensors in wearable smart clothings.
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Abstract
The thermal behaviour of wool (WO)-polyamide (PA 6.6) blended yarns were studied. Simultaneous TGA/DSC were performed
in the presence of oxygen and the major events during degradation were identified. The gases evolved during the thermal
degradation were identified by real time FTIR analysis. The kinetic parameters of thermal degradation were computed by IKP
method using an iterative technique for the solution of temperature integral. The rate of heat released during combustion was
measured by micro-scale combustion calorimetry (MCC).
Keywords:

wool blends, thermal analysis, microcombustion calorimetry, IKP method

I. Introduction
Wool and its blends have a variety of end-uses in aircraft cabins, e.g.; upholstery, floor coverings etc (Horrocks and
Anand 2000). Wool fibres exhibit low flammability due to their distinctive chemical features such as; high moisture
regain (15%), low content of hydrogen (6-7%), high content of elemental nitrogen (15-16%) and sulphur (3-4%)
(Cardamone 2013). However, the intrinsic flame retardancy of wool products is not sufficient to comply with the
requirements established by aviation organizations. For instance, very few wool fabrics can pass the vertical flame
test according to FAR 25.853 without any flame retardant treatment(Benisek 1984). A limited number of flame
retardant chemistries have been developed up to date and are currently in use. These include; the exhaustion of
negatively charged metal complexes (K2ZrF6, K2TiF6) onto wool in acidic media (Zirpro treatment)(Benisek 1984)
and coating fabrics with intumescent systems such as melamine phosphate-dipentaerythritol(Horrocks and Davies
2000). Understanding the thermal degradation and pyrolysis mechanism of the fiber itself and in blends is a
fundamental issue to be considered for the development of novel flame retardants that fulfill the latest demands
such as high performance, low cost, low toxicity etc.This study aims at investigating the thermo-oxidative
degradation mechanism of wool (WO)-polyamide (PA) blends.
In the presence of oxygen the thermal degradation of PA 6.6 reportedly takes place in two steps (Apaydin, Laachachi
et al. 2014). The first step which starts at 380ºC is assigned to the decomposition of polymer and the second step
which starts at 450ºC is assigned to the oxidation of char. Three major mass loss steps were investigated for the
thermal degradation of wool in the presence of oxygen(Popescu, Vasile et al. 1992). The first step that ends at
approximately 120ºC is associated to the loss of absorbed water. The pyrolysis of wool takes place at the second
step which starts a little above 200ºC. The oxidative destruction occurs at the third step which starts above 400ºC.
Obviously the combination of polyamide and wool fibers would result in a different mechanism of thermal
degradation.
Kinetic analysis of thermogravimetric data enables the quantitative expression of the mechanism of thermal
degradation. Invariant kinetic parameters (IKP) method was adopted to this work to compute the kinetic parameters,
activation energy (Ea) and pre-exponential factor (A) from thermogravimetric data. IKP method was developed by
Leskinovich and Levchik(Leskinovich and Levchik 1983) and later used for the determination of kinetic parameters
of polymers(Dabrowski, Bourbigot et al. 2000) allows for the determination of kinetic parameters without using any
assumption based on the form of kinetic degradation function thus, the values obtained are intrinsic characteristics
of the system.
The rate of heat released from a burning material is an important measure of its combustion mechanism. The benchscale tests for measuring the heat release rate, have the disadvantage of requiring samples with certain dimensions
and thickness which is sometimes difficult to achieve when working with textiles at laboratory-scale (Yang, He et al.
2010). Micro-scale combustion calorimetry (MCC), on the other hand, is a useful technique to evaluate the heat
release rate of materials using milligram-size samples. This technique was also used in this work for the
1
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determination of important parameters of combustion.
II. Experimental Set-up and Procedure
Wool (23 μ, 68 m) and polyamide (3.3 dtex, 85-90 mm, white, semi dull) fibers in top form were blended on gilling
machine in three different ratio (100%WO, 90% WO-10% PA and 80% WO-20%PA). Nm 36/1 yarns were spun on
ring spinning machine and doubled to produce Nm 36/2 yarns by ring doubling machine. Yarn samples were scoured
using a non-ionic detergent and the composition of yarn samples was determined according to Method 2 described
in TS1700. Thermal analysis of yarns were carried out by STA equipment (STA Q6000, Perkin Elmer)
at various
heating rates (β=5ºC/min, 7ºC/min, 10ºC/min) under air flow (50ml/min) up to 700ºC. Approximately 5 mg of sample
was used for the analysis. The real time spectra of the evolved gases were collected by a FTIR (Cary 600, Agilent
Technologies) coupled to a thermal analyzer (SDT Q600, TA Instruments) with a heated transfer line. MCC (Fire
Testing Technology) was used to measure the heat release rate (HRR), peak of heat release rate (pHRR),
temperature of peak heat release rate (TpHRR) and total heat release (THR), heat release capacity (HRC)according
to ASTM D 7309-13, Method A. Approximately 5 mg of sample was heated up to 750ºC at a heating rate of 1K/min
under N2 flow (80cm 3/min) in the pyrolysis chamber. The evolved gases were combined with O2 (20cm3/min) prior
to entering the combustion chamber where a constant temperature of 900ºC is maintained. The residue at the end
of the test was weighed and char yield (%) was calculated. All samples were tested in triplicate.
III. Analysis
Invariant kinetic parameters (IKP) method was adopted to this work to compute the kinetic parameters from
thermogravimetric data. In general the rate of a reaction is expressed as:
𝑑𝑑𝑑𝑑 ⁄𝑑𝑑𝑑𝑑 = 𝑓𝑓(𝛼𝛼)𝑘𝑘(𝑇𝑇)

(1)

𝑘𝑘(𝑇𝑇) = 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴(−𝐸𝐸 ⁄𝑅𝑅𝑅𝑅)

(2)

𝛽𝛽 = 𝑑𝑑𝑑𝑑 ⁄𝑑𝑑𝑑𝑑

(3)

In Eq.1 α is the degree of conversion and f(α) is a specific function. The rate constant, k, depends on temperature
and is not constant throughout the process. The temperature dependency of k, is explained by the Arhenius
equation:

In Eq.2, A is the frequency factor, E is the activation energy and R is the universal gas constant. Linear heating rate,
β, is expressed as:

Substituting Eq.s 2 and 3 in Eq.1, the following is obtained assuming the integral of exp(-E/RT) between the limits
0 and T0 is very small:

(4)
An iterative procedure by Orfaό (Órfão 2007) was used for the solution of the temperature integral using the following
relation:

(5)
For a fixed heating rate, the apparent activation energy
and frequency factor (
are calculated using
25 conversion functions. The conversion functions used are classified as; chemical process or mechanism
non-invoking equations, accelatory rate equations, sigmoidal rate equations or random nucleation and its
subsequent growth and decelatory equations, based on the rate determining mechanism (Vlaev, Nedelchev
et al. 2008). Decelatory equations involve equations that are based on the phase boundary reaction and
equations that are based on the diffusion mechanism. The calculations were performed for each group of
functions. According to Eq.6 a compensation effect exists if a lineer relation between E and lnA is observed.
(6)
Finally, the true values of activation energy and freqency factor are computed from the slope and intercept
of the Iv vs Bv.
(7)
2
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IV. Results and discussions
Three main mass loss stages were observed in the oxidative degradation of 100%WO (Fig. 1). The first step which
ends approximately at 130ºC is associated to the loss of absorbed water. The pyrolysis of wool takes place at the
second step which starts just above 200ºC. The pyrolysis of wool is endothermic as can be seen in Fig. 2. The rate
of mass loss increases until 286ºC and reaches 3.5 wt%/min at this temperature then decreases. The oxidative
destruction occurs at the third step which starts around 420ºC. For the blended yarns, another degradation stage
was observed starting from 380ºC. This is slightly visible for 90%WO-10%PA particularly at low heating rates.
However, for 80%WO-20%PA, the value of mass loss rate reaches 2.6wt%/min at 432ºC and between 380-465ºC,
a weight loss of 17% occurs. This additional stage is assigned to the pyrolytic degradation of polyamide. The
oxidation of the residue reportedly starts around 450ºC(Apaydin, Laachachi et al. 2014). For the blended yarns, the
highly exothermic oxidative destruction begins at higher temperatures; at 454 ºC and 464ºC for 90%WO-10%PA
and 80%WO-20%PA respectively.
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Figure 2 DSC curves of wool blends at a heating rate of
10ºC/min

Figure 1 TG/DTG curves of wool blends at a heating rate
of 10ºC/min

DTG spectra from SDT analysis and Gram-Schmidt curve were superimposed and the time required for the transfer
of evolved gases from SDT to FTIR was calculated for each sample. Accordingly FTIR results were deconvoluted
from time units to temperature units. The DTG spectra of 100%WO and 80%WO-20%PA gave a maximum at 85ºC
and 73ºC respectively (Fig. 1) and endothermic peaks occurred under 130ºC for both samples. As shown in Fig. 3
at 85ºC, the bands at 1508 cm-1 in FTIR spectra for 100%WO are associated to the loss of absorbed water in wool.
100%WO may be attributed to the formation of α-pyrrolidone.
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Figure 3 FTIR spectra of 100% WO (β=10 ºC/min)
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Figure 4 FTIR spectra of 80% WO - 20% PA (β=10 ºC/min)

For 100%WO, as early as 238ºC CO 2 (2360 2320cm-1), COS (2071/2048 cm-1) CS2 (1541/1523 cm-1) and NH3
(965/930 cm-1) were evolved. -1) and NH3 (965/ 930 cm-1) were detected. Moreover the evolution of bands at 1749
and 1930 for In FTIR analysis of 80%WO-20%PA, CO2 did not appear until 260ºC. During the endothermic
decomposition step, the maximum rate of mass loss occurred at 286ºC and 309ºC for 100%WO and 80% WO20%PA respectively. For 100%WO at 286ºC, the formation of C 2H3NO (methyl isocyanate) (2256 cm-1) besides
CO2 (2358/ 2310 cm-1 accompanied by a smaller band at 669 cm-1), COS (2072 cm-1/2045 cm-1) CS2 (1541 cm).
The formation of the bands at 1768/1749 cm-1 accompanied by 2972/2936 cm-1 may be due to the formation of
α-pyrrolidone as well as C5H8O (cyclopentanone) as the decomposition products of 80% WO-20%PA. More detailed
analysis of organic gases may be required in this aspect. In the FTIR spectra of 80% WO-20%PA at 432ºC, the
major products detected were CO2 (2358/ 2310 cm-1 accompanied by a smaller band at 669 cm-1), C2H3NO (2252
cm-1) and CO (2193//2115 cm-1). The evolution of CO2 and CO dominates higher temperature region where
exothermic reactions take place for all samples.
IKP method was used for the calculation of kinetic parameters of degradation. The compensation effect parameters
were calculated using Eq.6 within a certain conversion range for each heating rate, function set and sample. An
example of compensation effect observed between activation energy and pre-exponential factor is shown in Fig. 5.
The function set used for the calculation within each conversion range was chosen providing that the highest R 2
was obtained from Bv vs Iv plot (Fig. 6). The invariant activation energy and pre-exponential factor were calculated
from the slope and intercept of Iv vs Bv plot. Using IKP method, the kinetic parameters calculated within the
conversion ranges that correspond to the endothermic/exothermic degradation stages are tabulated in Table 1.
For the endothermic pyrolysis of wool (α=0.06-0.21) the lowest value of activation energy was calculated for
100%WO. For 80%WO-20%PA, the calculated activation energy within the endothermic pyrolysis of polyamide
(α=0.53-0.51) was 39.9 kJ/mol. The highest value of activation energy was obtained for 80%WO-20%PA within
α=0.70-0.92 where exothermic reactions take place due to the oxidation of char.

Figure 6 Iv vs Bv plot at α=0.70-0.92 90%WO-10%PA

Figure 5 Compensation effect between apparent
activation energy and pre-exponential factor at α=0.700.92 where diffusion prevails for 90%WO-10%PA
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Table 1 Kinetic parameters of thermal degradation
Sample
100%WO

90%WO-10%PA

80%WO-20%PA

Conversion Range

Einv (kJ/mol)

lnAinv

R2

Function set

0.08-0.18

181.3

39.3

0.95

Accelatory

0.70-0.92

140.6

21.8

0.99

Decelatory

0.06-0.21

285.3

60.1

0.97

Accelatory

0.70-0.92

142.5

23.2

0.98

Diffusion

0.06-0.21

200.0

43.6

0.99

Sigmoidal

0.43-0.51

39.9

9.2

0.98

Sigmoidal

0.70-0.92

198.2

30.2

0.99

Decelatory

Using MCC, the HRR was calculated based on the oxygen consumption theory. HRR curves are shown in Fig. 7
and data obtained by MCC are tabulated in Table 2. The pHRR for 100%WO occurred at a lower temperature but
has the highest value. The pHRR for 80%WO-20%PA has a relatively low value but a second peak was observed
between 400-450 ºC. This peak which is slightly observed for 90%WO-10%PA can be attributed to the presence of
polyamide. Total heat released which is calculated from the area under the HRR curve has the highest value for
80%WO-20%PA.
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Figure 7 HRR curves of all samples
Table 2 MCC data of all samples
Sample

HRC (J/g·K)

pHRR (W/g)

THR (kJ/g)

TpHRR (ºC)

Residue yield(%)

100%WO

150.666667

145.9667

14.06667

332.4

20.05045

90%WO-10%PA

147.333333

141.1667

15.93333

332.8

17.2873

80%WO-20%PA

112.333333

109.2667

17.06667

337.3

15.71521

V. Conclusions
Endothermic decomposition of polyamide takes place at higher temperatures than the pyrolysis of wool. This is
particularly interesting for the blended yarns which contain 20 wt% PA. Sulfur containing gases (COS, CS2) were
5
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detected at temperatures above 200 ºC. This may be due to the rupture of disulphide bonds. The activation energy,
which is the minimum energy required to start a chemical reaction, has the lowest value for 100% WO, compared
to the blended yarns, both at endothermic pyrolysis and oxidation stages. MCC results indicated that the peak of
heat release rate was higher for 100% WO than blended yarns and it occurs at an earlier temperature.
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Abstract
In parallel with technological developments in the century we are living, a new field of research is to produce fibers, fabrics and
clothing suitable for the ages by integrating different disciplines such as information technologies and micro systems into
traditional textile applications. It aims to develop flexible, harmonious and voluntary new areas for both civilian and military areas.
In the fashion and textile sector, it is important to develop technologies and manufacturing techniques that provide a wide
information system with a textile base so that new projects can be produced economically.
Nowadays, traditional textiles such as communication, transformation and energy management are involved; have received
textiles, intelligent textiles with the ability to detect and react to any change in effect or effect.
E-Textiles (Electronic Textiles) are textiles that contain digital and electronic components. In general, these textiles are defined
as "Smart" because they have functions that will directly react to environmental stimuli such as mechanical, thermal, chemical,
electrical and magnetic. Electronic textile refers to a textile material that includes sensing, communication (usually wireless),
power transmission, and interconnection technologies to allow sensors or items such as data processing devices to be networked
together in a fabric.
Textiles are an integral part of human life and in the direction of significant developments in the field of information, the use of etextile will enable people to integrate easily into their lifestyle. The fact that the world population will use the high value-added
technologies in the coming years reveals the importance of using e-textile. Many smart apparel, wearable technology and
wearable computing projects involve the use of e-textiles.
Today's developments in information technology, as well as the traditional industrial processes, change our consumption habits,
and the production and design of textile and fashion products are being reformed in line with these changes.
The production of garments enriched with digital technologies is very important in your day. Fashion designers are turning to
innovative and futuristic designs that support technology in their creativity. Interdisciplinary studies are being conducted;
scientists, engineers and designers come together to design, develop and produce some items. Wearable electronic textiles
have recently come into conflict in many fashion designs as result of collaborations in fashion, design, technology and science
fields.
In this study, the development process of E-Textile (Electronic Textiles) was examined.
Key Words: Smart Textiles, Electronic Textiles, Wearable Electronic Textiles, E-Textile, Fashion Design.

I. Introduction
Mechanical, thermal, magnetic, chemical, electrical or other sources of environmental conditions or stimuli that are
sensitive and responsive to the textiles are defined as smart textiles. Electronic textiles or e-textiles; has emerged
as a discipline that combines expertise in the fields of information technology, microsystems, material technology
and textiles.
E-textiles, smart textiles, electroactive textiles, wearable electronics, and textronic words refer to fabrics that function
as electronic devices and can physically act as textiles. From a textile standpoint, e-textiles need to be designed to
meet the needs of textile users, such as maintaining electrical conductivity, being flexible, stretchable and washable.
Electronic textiles usually contain conductive or twisted conductive yarn and conductive materials such as silver or
stainless steel wire to provide electrical conductivity.
The main function of the textiles is to protect the people from cold and heat. Today, this work and aesthetic elements
are also involved. Smart and interactive textile products are a new discipline in the textile industry. Smart clothing
that always makes people feel comfortable in all kinds of activities and in all kinds of environmental conditions;
protect and monitor, be warned in the event of danger, and even help to treat illnesses and injuries.
1
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These clothes can be used in every area of life from birth. Patient health is monitored through sensor-embedded
clothing monitoring and recording biometric data.
The first generation of wearable electronics are computers that are not integrated in the garment but can be worn
on the body. Second generation electronic system examples are hybrid packages mounted on clothing surface. In
the third generation of wearable electrics, importance was placed on electronic and clothing functions equally. After
this phase, wearable electronics have begun to integrate into electronic textiles. Thanks to this integration, direct
electronic function is created on the textile fibers. At this stage, advanced electronic components are placed on
textile fibers or yarn level. This integration at the yarn and fiber level represents e-yarns used in the production of
woven or knitted fabrics that form intelligent electronic textiles.
E-textile features; flexible, transmissive, force, thermal and electrical resistance that can not be a conductor that
can harm the environment, has a large surface area for sensing, is invisible to others, and is inexpensive to produce.
II. Integration of Electronic Components into Textile Material
Regardless of the conductive materials used in the development of electronic textiles, the electronic components
and the power supply must either be embedded or buried in the textile to create a truly interactive electronic textile.
Soldering, bonding, punching and joining are some of the methods used to accomplish electronic component and
power supply integration.
Soldering involves mounting components directly onto the textile surface. Solders are soft alloys, such as lead (Pb),
tin (Sn) or silver (Ag), which are used to combine metallic electrical components in the textile material. Soldering
provides good electrical contact within the textile material. However, solderable components are not suitable for use
in applications where due to their toxicity they may directly contact the user's body. However, soldering affects the
flexibility of the fabric and therefore many clothing applications in the negative.
Bonding is the process of using conductive adhesives to bury components into textiles. Conductive adhesives can
be developed according to the end use of textile products. For this reason, this method can be preferred more than
soldering method in garment area. Non-toxic, flexible conductive adhesives with high conductivity and high durability
can be used to combine flexible textile materials with rigid components. In addition, these components can be
stapled into the conductive circuits to form an electronic textile circuit. This punching process is intended to create
a conductive path in the textile material.
Joining involves connecting an electronic component yarn directly to the textile material. The yarns coming from the
electronic component can be stitched, stapled or touched to the textile material. Combining the components into
the textile materials in this way ensures that the conductive yarns are distributed on the material in a balanced
manner.
E-textile works; although it has features such as electronics, material science and computer programming, it is
considered as aesthetic products with advanced capabilities. E-textile designs emphasize creativity and artistic
expression rather than electronic structure. Computer programming is essential for creative coding for E-textile
design. But the e-textile designer attaches more importance to the artistic effect that the coding efficiency will attain.
E-textile designers should make accurate estimates of what materials they will use when designing new products.
Designers need to have sufficient knowledge about conductors and insulation materials so that they can design
new in the field of E-textiles. Designers often have to anticipate new uses for existing materials. Electronic systems
must also be understood to create E-textile designs.
III. E-Textile Applications in Fashion Sector
Fashion designers often develop apparel for stage performances using LED light. LED clothing is now also
commercially fashionable, and smart textiles are often seen in designs for other fashion applications. Integrating
entertainment, health and safety electronic devices into textiles and clothing will provide wireless freedom.
E-Textile applications are used in many designer collections.CuteCircuit is the first fashion brand that perfectly
integrates fashion design with interactive technology, creating fabulous looking and magical garments. CuteCircuit
is a pioneer in the field of wearable technology, Francesca (1998), one of the founders and designers of CuteCircuit,
has suggested making a night outfit with an electromyx yarn that will react to the Valentino brand's movement. In
2001, in Esprit, he suggested creating a bag that sends a message to the owner in case of GPS being stolen or
lost. In addition, the world famous style icon haute couture musicians design wearable technological stage clothes.
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"Galaxy Dress" is in the permanent collection of the exhibition "Fast Forward: Inventing the Future" in the Museum
of Science and Industry in Chicago. The 24000 full-color LEDs, 2x2 mm in thickness, are embroidered on four layers
of silk, making it the world's largest wearable screen.

Fig. 1: Galaxy Dress”, Museum of Science and Industry Chicago, “Fast Forward: Inventing the Future” collection.
Fig. 2: Hug Shirt.

"Kinetic Dress" (2004) is decorated with flashing LED lights that will create patterns that match the movements of
the wearer of the Kinetic Dress, which provides interactive communication between clothing and the attitude of the
wearer's movements and mood.
Hug Shirt selected by Time Magazine as the best invention of 2006; it offers a technology that embraces each other
and embraces each other. The clothing that is the world's first haptic communication wearable technology; the
temperature and pulse rate felt by a tight hug through the sensors placed in it; mobile phone or bluetooth.
U2 Jackets are stage costumes worn by the U2 music group during the 360 world tour (2009-2011). The clothes on
the collection, made of wireless 5000 LEDs and smart textiles placed in leather jackets and cotton shirts, reflect the
flashing colors accompanying the music's rhythm through very small holes in the garment.

Fig. 3: U2 Jackets.
Fig. 4: iMini Skirt.

The M Dress (2008) is the world's first mobile phone integrated dress. A standard SIM card; a person wearing a
garment that can be worn on a small compartment located on the label of a black garment offers the possibility of
making phone calls without carrying a mobile phone.
Aurora Dress (2012), specially designed for opera performance, is one of the most important pieces of the
CuteCircuit Haute Couture Collection. Aurora Borealis is inspired by the northern lights of silk taffeta and chiffon
dress, with hundreds of LEDs and Swarovsky crystals processed to form a rainbow image as it moves
The Twitter Dress (2012), Haute Couture design UK's mobile communications company has been specially created
for EE's 4G technology launch. The dress is made up of 500 Swaroski crystals and more than 2000 microleds
placed in a black French chiffon through the internet connection; is the first dress with instant online text message
and image display feature on the dress.
The iMini Skirt (2013) is an interactive garment that offers the opportunity to instantly design the colors and patterns
of LEDs on the skirt, which is handled by the wearer's mobile phone, with over 3000 color-changing LEDs.
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Fig. 5: Sarah Brightman’s evening dress.
Fig. 6: Anouk Wipprecht

Also in 2013, CuteCircuit designed a fabulous evening dress for Sarah Brightman, the world's most spectacular
soprano. The talented singer has chosen a Haute Couture CuteCircuit dress to be part of the Dreamchaser Tour
around the world. The dress is made of thousands of Swarovski crystals shining all over and a black techno-tulle
adorned with about 6,000 LEDs. Lights with a great color array and moving patterns flowed gracefully along the
singer's body. This performance of Sarah Brightman has greatly influenced the audience.
Anouk Wipprecht; It is a combination of a Dutch designer with fashion design, engineering, robotics, science and
interaction. By combining fashion with state-of-the-art technology, Anouk makes fashion an experience that
transcends only appearance. Sensors placed in the design track the area around the user and the body sensors
control the stress levels as comfort or anxiety. The Intel-Edison-based 'Spider Dress' is a perfect example of this
aesthetic. Sensors and moving arms in motion help to create a more defined personal space limit when using a
physical style.
Smoke Dress (2013), designed by designer Anouk Wipprecht and architect Niccolo Casas, is designed for
Volkswagen's exclusive eight-piece collection. Innovative and interactive design of the 3D printer product is also
produced by Materialize. The garment designed to engage the dialogue between the body and the environment
automatically creates a smoke curtain and camouflage the person when a stranger approaches the user's personal
space. The dress is made entirely of a polyamide and TPU 92A-1 (thermoplastic polyurethane) material which is
printed with a 3D sintering [SLS] technique and is the first fully flexible 3D printing material. The dress was produced
by Materialize, a 3D printing manufacturer. It has the look and feel of ultra-futuristic fabric, as well as providing
support for embedded sensors and smoke systems.

Fig. 7: Smoke Dress.
Fig. 8: Synapse Dress.

Synapse Dress (2014) is an interactive smart dress designed by Anouk Wipprecht in collaboration with Intel. The
dress measures the user experience of wearer with biological sensors. Materialize is produced by 3D printer with
design; the ability to read bio-signals, such as heart rate, brain activity, and distraction levels, and the mental and
physical response to the person they meet, helping them to experience more clearly the true feelings and thoughts
they feel toward the other person. Clothes detectors respond to the person who is approaching the personal area
of the wearer very much by emitting light with the help of LEDs by determining the physiological state of the user
(breathing frequency, pulse rate, stress level etc.) or spreading an inviting light in relaxing frekans.
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Beijing fashion designer Vega Wang has found fascinating and unusual ways of incorporating the interest in lighting
into his designs. Deep marine life has been animated with bio-luminescence and has strengthened the fabric with
organic animations. This time, Wang took his inspiration not from the deep sea, but from the depths. Alpha Lyrae,
one of the brightest stars of our night sky, is a heavenly body. Wang describes the story of the universe from the
beginning to the end, with a collection of sparkling designs made up of eight dresses.

Fig. 9: Vega Wang.
Fig. 10: Alpha Lyrae.

The world-renowned Turkish fashion designer Hüseyin Çağlayan gives direction to currents such as techno-fashion,
high-tech couture and hihg-tech fashion with contemporary and technological fashion designs. Caglayan, who is
active in technical, intelligent and nano textile designs, uses the connection between past and present as a theme
in many designs. Caglayan, who is also fed by cultural and social life, communicates his thoughts through fashion
design. The world-renowned Turkish fashion designer Caglayan has a contemporary and technological fashion
design and a sense of trends such as techno-fashion, high-tech couture, hihg-tech fashion.

Fig. 11: "The Video Dresses" designed by Hüseyin Çağlayan with Engineer Moritz Waldemeyer.

IV. Results and discussions
E-textiles are based on the integration of electrically or electronically active fibers. However, with many problems
related to reliability, performance and comfort, it has become a powerful driving force against washability,
stretchability, and other solutions that can be obtained better than new functionality. It is a complex ecosystem of
different materials, components, and links currently available to product designers.
Smart textiles; the introduction of new types of textile fibers and conductive materials, the integration of electronics
into textile structures and products, the wearing of technology, and at the same time the communication with other
devices such as computers or mobile phones.
The internet search engine "Project Jacquard", a joint project of Google and Denim brand Levi's companies, aims
to bring a new breath to the fashion world by producing daily wear with wearable technology by adding electronic
circuits and wires. Because of the interactive nature of the woven garments, light touches on the fabric surface will
enable the wearer to activate functions such as sending a wireless signal to the smartphone, taking a phone call or
writing a message. The project has developed innovative techniques for connecting small connectors, tiny circuits,
conductive strands as well as a jacket button.
The technology company is researching and developing how our future wardrobes look like INTEL, software maker
Autodesk, internet giants Google and Microsoft, automobile brand AUDI, jewelry brand Swarovski and leading 3D
printing innovator Materialize.
5
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Abstract
3D printing (Three Dimensional Printing or 3DP) is an innovative technology that allows you to create a physical object from a
digital model. In 1980s, this technology began to be used to make prototypes faster and cheaper. 3D printing, also known as
Additive Manufacturing (AM), creates layers of solid 3D objects into solid objects.
Special designs are made through 3D printer to create special products tailored according to size and shape and to make rapid
prototypes; in particular engineers, designers and firms, to get repetitive feedback on their designs in short period of time and to
create difficult models in interesting and useful way with complex geometry.
With materials and technology used, 3D printing reduces cost of end products and prototypes. Since it is possible to print models
more than once using appropriate materials, the production time and material waste are also reduced. 3D printing is possible
with thermoplastics, thermoplastic composites, pure metals, metal alloys, ceramics and various foodstuffs.
Over time, textile and fashion industry, which switches from haute couture producers to fashion apparel collections firms, is
under the influence of fast fashion trends. But nowadays, fast fashion and sustainability have gained importance due to
environmental effects. Use of 3D printing in many industries, including fashion industry, is becoming widespread. This technology
offers advantages over traditional manufacturing processes such as accelerated design processes, shorter production time,
fewer documents, storage, packaging, lower costs associated with logistics and waste.
3D printing technology provides design and manufacturing freedom to create designs that are difficult to produce with traditional
methods. In fashion and textile sector, 3D printers have potential to influence the way design, produce and market products.
In this study, use of 3D printing technology by designers in fashion and textile sector and comparison of designs in terms of
commercial / economic / fashion / art are given.
Keywords: 3D Printing, 3D Printing Technology, Fashion, Design

I. Introduction
3D is an abbreviation of the English "Three-Dimensional" concept. 3D Printing is usually a process of laying out
several consecutive thin layers of material to form a physical object in a three-dimensional digital model. By adding
layers of material, a digital object is transformed from a Computer Aided Design (CAD) representation into a physical
form. A 3D printer can print almost any mechanical part of the product except the electronic parts and motors. 3D
printing is a technology that promotes and guides innovation together with unlimited design freedom, which also
reduces the cost of disruption and reduces the lead times. In recent years, by moving beyond the process of creating
a prototype, 3D printing technology has become more accessible to small companies and even to individuals.
To create the final object, there are a number of different 3D printing technologies that process different materials
in different ways. Functional plastics, metals, ceramics and sand are used for industrial prototyping and production
applications. 3D printing researchs are also being carried out for biomaterials and different food types. In general,
on entry to the market, materials are much more limited. Plastics such as ABS (Acrylonitrile Butadiene Styrene) or
PLA (polylactic acid) are currently the only widely used materials. However, there are increasing numbers of
alternatives, including Nylon (3D Printing Industry, 2017).
From the first industrialization studies that started with mechanical weaving looms till today; developments in
technology have introduced the world to the 4th industrial revolution. From the traditional production logic, a new
transformation process has been introduced. Industry 4.0; it also shows that by equipping industrial production with
high technology on a global scale, the economy will be transformed into a new industrial revolution with radical
transformations as much as social construction. In this process, smart factories and smart product applications
show themselves.
One of the most frequently used concepts in the industry 4.0 terminology is the 3D Printers, which its effects can
now be seen in many fields. By using 3D printing technology; processes such as modeling, printing and obtaining
the final product can be performed. Among this technology, it is possible to transform the 3D complex shapes or
outlines created in the computer environment to the final object in the real environment as closely as possible and
quickly.
1
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3D printer technologies have become increasingly popular in recent years. It has been used industrially and
individually in many areas such as biotechnology, construction, fashion design, jewelry design and food. Although
the 3D prints have been seen as futuristic fashion, among with the technological advances they provide new
production possibilities by giving new perspective to the field of fashion design. Some of the designers exhibit their
textile products using 3D printing technology, enabling them to become part of a contemporary design rather than
a futuristic design. While 3D printing technology offers design freedom for the designers, it also provides
manufacturing flexibility for producers. In addition, recently, 3D printer manufacturers and designers are working on
the development of environmentally friendly products.
II. History
Though considered as a new concept in general, the first traces of 3D printing technology, which is in fact more
than 30 years old, appear under the name of "Rapid Prototyping (RP) Technologies" in the late 1980s. As being a
rapid and more cost-effective method of creating prototypes during the product development phase has led this
technology to have the name rapid prototyping.
Although the first patent application for RP technology was filed in Japan in May 1980 by Kodama, the first patent
for 3D printing was taken in 1986 for the stereo lithography application (SLA) developed by Charles (Chuck) Hull in
1983. SLA-1, the first commercial RP system, was introduced in 1987 and was first sold in 1988. In 1989, Carl
Deckard from University of Texas patented the Selective Laser Sintering (SLS) RP process. In 1992, Scott Crump
also patented the Fused Deposition Modeling (FDM) process. Other 3D printing technologies and processes have
also emerged in these years. These include, Ballistic Particle Manufacturing (BPM) patented by William Masters,
Lamine Object Manufacturing (LOM) patented by Michael Feygin, Solid Ground Cure (SGC) patented by Itzchak
Pomerantz et al., and 3D Printing (3DP) patented by Emanuel Sachs et al.
In the early 1990s and early 2000s, R & D work was undertaken by advanced technology providers for special
casting and direct manufacturing applications, which focused entirely on industrial applications and aimed at
creating processes for large-scale prototyping applications. This has led to the emergence of new terminologies,
Rapid Tooling (RT), Rapid Casting and Rapid Manufacturing (RM). In this process, the terminology used in 3D
printing technology has become synonymous with Additive Manufacturing (AM), which has been developed with
the proliferation of production applications.
Although many different works and concepts were developed in the area of 3D printing, the first commercial 3D
printer was ready for sale in 2009. Based on the RepRap concept, this printer is called the BFB RapMan 3D printer.
The B9Creator printer, which uses DLP technology, was launched in June 2012, and Form 1, which uses stereo
lithography technology, was released to the market in December 2012. The year 2013 has been a significant growth
and consolidation year.
The most important point that can not be rejected is the impact of 3D printing on the industrial sector and its pressure
is a great potential for the consumer's future (3dhubs, 2018).
III. 3D Printing Technology and its Development in Fashion
In recent years, 3D printed products have attracted attention as well as 3D designs. 3D technology, with its custom
manufacturing solutions, has been actively involved in fashion innovations for the last 5 years. With 3D printing,
which is being featured in many major fashion designers’ fashion shows, it is possible to produce wearable and
functional costumes, accessories and footwear items.
In order for a fashion designer to produce her design by using the 3D printing technology, it is necessary to develop
the CAD skills and engineering skills required to tranfer this design to the machine. Among with 3D printing
technology, new applications and possibilities for clothes are provided. Products with difference features such as
flexibility, movement, tactile and visual can be easily produced.
With this technology, any desired changes can be made on the designs in accordance with the customer's desires.
In addition, without having to stock up the goods, just in time production concept is seen as a novelty that can be
improved through 3D printing technology. By digitizing the fashion design process, every produced item is able to
become a sustainable and wearable technology product (Printing 3D, 2016).
In traditional fashion design, designers need to be aware of the materials they work with and how to design goods
by using these materials. In fashion designs made through 3D printing, designers first need to design the textile
materials to be used. This is the biggest difference between traditional fashion design and fashion designs made
with 3D printing. As far as the process is concerned, the designs produced in 3D printers start firstly from the design
and production of the fabric structure, not from the garment form. More research and innovation are being done in
this area. Thus, it is possible to increase the usability of existing textile structures by making prints in wearable
2
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designs (Grain&Unver, 2016).
With continuesly developing 3D model applications, it is considered that in the future people will be able to produce
their own garments in home environment.
IV. 3D Printing Methods and Materials used in Textiles
Selective Laser Sintering (SLS) In layered manufacturing and 3D printing applications, a powerful laser is used to
combine layers of small dust particles in layers to print a part of each successive section. This process provides the
visualization of very detailed designs. As long as it can be dusted, many materials can be used in 3D printing
technology. To be used for this printing method, some companies plan to use PET in the coming years instead of
recycled SLS materials. It is possible to use it in SLS 3D printers by producing a powder consisting of PET-based
and recycled materials. Thus, it is thought that the P2P (PET - PET) cycle can actually be completed (Grain, 2015).
Fused Deposition Modeling (FDM) is a layered manufacturing process that extrudes a layer of thermoplastic
material with a layer and forms objects by means of a temperature-controlled head. FDM works by a method similar
to the process of attaching the silicon gun onto a molten silicon surface. To print a 3D design that appears on the
computer screen, you need to create a single layer at a time. There are many production materials available for
FDM machines, including 100% recycled PET filaments. In addition, such printers can be widely used for home use.
Some companies, such as B-PET and REFIL, offer 100% recycled PET filaments for use in these types of printers,
but they do not foresee exactly what potential the product will take from the printer due to this new matearial in the
market (Grain, 2015).
The Multi Material printing method allows the use of multiple materials, colors and flexibility in a single print. While
the possibilities of this 3D printing type are unlimited, it is one of the most expensive options among 3D printing
methods. Wearable accessories designed by Neri Oxman have been printed in Multi Material method. This method
has a highly developed printing system; It combines two or three materials in specified concentrations and
microstructures to produce digital materials with varying densities, hardnesses, thermal resistance or color
(Stratasys, 2015). At present there is no recycled material available for the Multi Material 3D printing machine.
Stereo Lithography is a 3D printing process that enables the additively formation of a piece in a container that is
formed by a liquid resin that hardens when applied by a UV laser. Stereo Lithography can be costly in many
industries as it is a preferred printing method for producing rapid prototypes, with limited material and a simple
appearance. There is no production of any color or variant yet for this printing method (Laser Sintering, 2014).
V. 3D Printed Fashion Designs
It is very useful for designers to use 3D printing technology. The use of CAD software facilitates pattern design and
prototyping, as well as accelerating the production of products, resulting in shorter delivery times and less raw
material waste. In addition, by using 3D printing machines, even new designers can easily produce prototypes and
produce products quickly.
Looking at the first examples of 3D print designs in the fashion industry, Iris Van Herpen's designs in Paris Fashion
Week are striking in 2013. Van Herpen, by continuing hee interdisciplinary collaborations with the Italian architect
Niccolo Cassas, created the Crystal-Esque dress in her 2015-2016 Autumn-Winter collection named Hacking Infinity.
While creating this dress, Van Herpen chose Accura Clearvue (SLA) because of its ability to create high detail,
delicate refinement and translucency (Krassentein, 2015).

Figure 1: Accura ClearVue material by 3D Systems (Simon, 2015)

The printing process of the dress lasted for 200 hours, but when compared to the haute couture methods, this time
can be seen very rapid in terms of the complete production of a dress. Due to their ability to create great details,
Van Herpen chose SLA and SLS processes for 3D printing. In her collection named Voltage released in 2013, Van
Herpen used the Selective Laser Sintering method for one of the dresses made by Materialize with flexible material
TPU 92A-1. This method and material has created a fine and detailed design with flexible features that allow the
3
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body to move more naturally than other 3D prints. The parts of the dress are printed in seperate pieces and after
the printing, the pieces are brought together and the dress is finalized.
On the other hand, the 3D printed dress designed by Michael Schmidt and Francis Bitonti gained an attention in the
fashion world. As being a renowned architect, Francis Bitonti's most distinguished 3D printed fashion design is a
black dress made by using Selective Laser Sintering and complete with 13,000 Swarovski crystals jointly with
Michael Schmidt. The printing period was lasted more than 400 hours and the dress was made from 3,000 unique
moving composites that are not based on a continuous repetitive structure. Bitonti used SLS to get all the details of
the fashion pieces made by 3D printers and to show the best possible standards in the design. He used nylon, metal
and gold-plated materials in his work. (3d Printing Industry, 2015). Later on, he also established a fashion house
called Continuum Fashion, which only produces 3D printed designs including 3D printed bikinis and shoes (Wessing,
2015).
Nervous Systems is a design studio that combines research with science, art and technology and uses 3D printbased digital production. Nervous Systems's most noteworthy fashion product to date is the Kinematic dress which
consists of 100 hinged pieces. The human body is three-dimensional, but the clothes are usually made of flat
materials that are cut and sewn. On the other hand, the Kinematics clothing produced by the Nervous System
company is made up of direct body scans in 3D so that absolutely no assembly is required (Nervous, 2013).

Figure 2: Kinematic Dress, 2014

In 2015, Danit Peleg is the first person to print the entire collection he designed on his home FDM 3D printer. Peleg
wanted to check if it was possible to create an entire garment using home-type 3D printing technology, accessible
to everyone. He has tested various materials on various printers and selected Filaflex, which is produced in Witbot
printer, which gives the same flexible properties of actual fabric when printed. Printing of the entire collection
consisting of designs drawn in 3D software Blender took 2000 hours.
Richard Beckett, an architect, faculty member and designer, worked with Pringle to produce 3D designs that were
fully integrated into garments and clothing items for both male and female clothing collections produced by SLS in
2014. It is becoming widespread to incorporate and collaborate with designers, such as architecture, in the field of
3D fashion printing, because of their experience in the digital dimension.
Another noteworthy 3D printed product is the Anthozoa Cape and Skirt, produced in 2013 in a versatile printer in
collaboration with Neri Oxman and Iris van Herpen (Grain&Unver, 2016).

Figure 3: Anthozoa: Cape & Skirt (Oxman, 2013)

In addition, Monika Januszkiewicz has developed a platform where it is possible to share designs and download
designs that others shared. A nearly two-month study ended with a 3D dress designed to promote this application.
3D software company Materialize and 3D designer Piotr Dziubek from Belgium supported the process of converting
designs into CAD files. TPU 92A-1 material, which has been already used in a fashion project and draws attention
with its flexibility, is used with the laser sintering technique. This dress, which consists of 2000 nested 3D printed
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leafs, advocates that with technology there are no limits neither in art nor in design. In the future, if 3D printers enter
every house, it is inevitable for people to produce their own clothes in this way (Benoit, 2016).

Figure 4: The dress on display at the University of Huddersfield

In 2015 Neri Oxman and her team produced a synthetic skin layer which allows living organisms to live on and
announced their “wearable Skin” design named Mushtari. 3D print design clothes contain lightweight photosynthetic organisms. In 2016, Oxman and her team launched the second iteration of optically transparent glass 3D
printers and demonstrated their talent at the Milano Design Week by designing, manufacturing and mounting light
fixtures (Oxman, 2014).

Figure 5: Mushtari, Jupiter’s Wonderer, By Neri Oxman, 2014, 3D Print, Euromold, Frankfurt, Germany

VI. Advantages and Disadvantages
3D printing at the industrial, local or personal level offers a number of advantages that conventional production
methods or prototypes can not. 3D printing products provide mass customization according to individual needs and
requirements. Due to 3D printing, a large number of products in the same construction can be produced according
to end-user requirements without any additional processing costs.
Along with 3D printing technology; all the production information can be uploaded to the computer environment so
that it can be very easy and quick to produce the desired product at any time. Thus, it is thought that the stock
keeping units and inventory costs will decrease. It is obvious that the spare parts will be prevented from being
wasted by avoiding unnecessary productions and this will increase productivity. There is no prerequisite for the
intended 3D printing materials to behave or react as they do in the traditional style. Because the 3D printing materials
are new for the fashion sector, the further reaction of the materials used in printing is not yet known. However, the
ability to test the 3D design in the process of creating also provides high operation efficiency for designs.
For a product designer 3D printing and CAD skills, is seen as the greatest asset of the project. It is an advantage
to know the final outcome of any structure in 3D CAD programs. By working with a fashion designer, it is very
powerful to ensure that this structure is both realistic and body-oriented. The construction and features of 3D printing
materials and the machines they can print with are invaluable. While the fashion designer offers ideas on which
construction to build in the 3D printer, the product designer suggests the right ingredients for the production as well
as making the correct settings for the printer that will produce it. Most of the time the product designer spends on
design evaluation and modeling, and controls the function with design fidelity, has been reduced to a minimum with
3D printing technology (Schumacher, 2014).
3D printing technology allows fast, cheap and easy copying of objects such as jewelery, glasses or belt buckles
bearing different designs and trademarks. This is why brand owners and designers are concerned that 3D printing
technology will facilitate the production of counterfeit products. In addition, the difficult distinction between the
difference of a counterfeit product and the actual product in the 3D scanning environment will pose risks to the
consumer as well. One of the difficulties encountered in 3D printing is the inability to find materials in filament form
which are subjected to extrusion and sufficiently soft and flexible for the textile.
It is extremely important that governments support design activities in order to make 3D printer more efficient. In
this context, computer-aided design capacities must be strengthened and developed for future generations. At the
same time, governments should also support research into raw materials to create more durable materials for 3D
printers. Environmentally, 3D printer production largely avoids raw material waste because it requires the use of
5
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raw materials enough to print products in production. This is a very important element in terms of the sustainability
of the resources which are increasingly consumed throughout the world.
A finished product produced with 3D printing technology can be 60% lighter than the product produced by traditional
methods. In addition, because 3D printing produces layer by layer, mass production errors can be avoided, so that
the products look better, work better, and last longer (Türkol, 2017). The advantages of 3D printed textiles are that
they perfectly match with wearer's body, especially for shoes, underwear and tight body clothing. For example, a
consumer's body measurements can be customized as a garment using 3D printing technology, taking into account
3D body scan data, product style, product color, product design, and other preferences. With 3D printing it is possible
to make specially designed and manufactured products that fit perfectly with the demands of consumers.
VII. Conclusion
3D printers that cut production costs in large quantities will pave the way for rapid development of manufacturing
and innovation for developing countries. Along with 3D printers that bring innovations and changes that revolutionize
production technology, creative ideas and designs will quickly turn into real models, end products, pieces and
prototypes.
While the creation of the design in the virtual environment can be achieved through various CAD programs, the
design of an existing object can be transferred by scanning the virtual environment with the 3D scanners.
At present, the mass production capability of products produced using 3D printing technology is limited. But together
with developing technologies, it is predicted that more mass productions can be easily produced with 3D printers.
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Abstract: With the developing technology in recent years, 3D virtual garment simulation programs have attracted attention in
textile and clothing sector at production and sale stages and has begun to be demanded. Fabric mechanical and physical
properties which are used for fabric modelling in other words fabric simulation are important to reflect real garment in these
programs. Interlining is an important material that affects appearance of clothing in the production of textile and clothing and are
usually used for building clothing shape in the production of suiting. In this study is aimed to put forward the effect of interlining
on bending and extension properties on fabrics that are usually used for manufacturing suiting. These properties are used for
fabric modelling in the 3D virtual garment simulation programs. In the direction of this aim; five different suiting fabric fused with
five different adhesive interlining and are prepared totally thirty sample fabrics. Bending and extension properties are measured
using Lloyd Tensile Tester and Wira Bending Tester, respectively. In the scope of study also these properties are measured with
Browzwear Test Kit and are put forward compatibility of these different measurement systems. The correlation of these different
measurement systems are evaluated statistically with Pearson correlation using SPSS programme.
Keywords: Fabric modelling, suiting fabric, adhesive interlining, extension and bending properties

I. Introduction
3D Virtual Garment Simulation and Fabric Properties Used in Fabric Modelling
The three- dimensional (3D) garment dressing simulation is a process to create a virtual garment on a digital human
model to verify the style and fit of a designed pattern before the garment is actually made (Zhong ve Xu; 2009: 792).
At the same time the suitability of the selected fabric for the prepared model is also verified. SimulatorTM –
TukaTech, V-StitcherTM- Browzwear, OptiTexTM 3D Runaway Designer, Lectra – Modaris and Assyst – Vidya
systems can be given as the examples of these programs (Kim and Labat; 2013: 171). These programs are used
as a marketing tool in providing garments which are designed as suitable to the body of the customer, in obtaining
more information about the target customers and in having the ready wear retailers to develop customer satisfaction
and in putting the products on market as soon as possible by having the producers to evaluate many designs before
the buying decision of the customers (Kim ve LaBat; 2013: 171), (Bond; 2008: 144), (Istook; 2008). Similarly Power
et al. (2011) determined that virtual garment simulation offers opportunities in four different field as speed to clothing
sector, opportunities for niche and luxury custom made garments where the customer could be the designer of their
own garment, e- commerce: a garment could be selected from a multimedia catalogue and viewed on a body shape
similar to the consumer and finally in the development of fitted garments (sportswear and intimate apparel) where
the apparel could be designed with accurate mapping of comfort and support. It may be said that an advantage is
gained from the cost and time on the consumer and manufacturer basis when compared with the classic method of
body-fitting of a garment. The methodology of clothing simulation is briefly explained that the properties of the fabric
which is used in the garment are objectively tested and the virtual fabric is formed. Then the virtual fabric and the
digital patterns are transferred to the system and sewing defination is done and the virtual samples are obtained.
There are two important factors for the more realistic simulation of the garment. One of these factors is the correct
identification of the fabric properties and the other one is the installation of right numerical models (Luible ve
Magnenat-Thalmann; 2007:1).
Fabric hand properties, which affects garment appearance, quality and performance in the production, is often used
in the quality control of the fabric. In a simple way, it can be described as the feeling when you touch the fabric. It
is related to fabric’
*physical (thickness, mass per unit area)
*mechanical (extensibility, bending and shear properties),
*surface (compression properties, friction and surface irregularity) and
*thermal properties (conductivity) (Hunter ve Fan; 2004: 91).
The mechanical and physical properties related to fabric hand are also used in fabric modelling in other words
transfering of the fabric to the virtual environment. These properties;
Bending Properties: Bending rigidity is basically defined in a simple way as the resistance that the fabric shows
against to bending. Bending of fabric influences the drape and handle properties (Sengupta vd.; 2016: 205).Bending
1
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property of fabric is evaluated generally by measurement methods which are based on the bending of the fabric
under its own weight (Başer; 2013: 372).
Extensibility: During the preparation of the garment; fabric is needed to stretch especially during the shaping and
sewing of the fabric and in order to give the desired shape of garment. On yarn direction under the low load, the
stretchability of the fabric is an important parameter in the sewing of the garment (Ly vd.; 1991: 403-404). The
stretchability of the fabric in other words extension properties towards the width and length of the fabric are
described and evaluated by tension tests (Başer; 2013: 272).
Shear Properties: Deformation under the influence of forces in a direction that makes an angle with the width and
length of the fabric is called shear deformation, resistance to this effect is also called shear resistance (Başer; 2013:
401). Fabrics are exposed various stresses in use. In ordinary use it may be assumed that the stress applied are
small. Large deformations may be produced by small stresses is due to the pliability of fabric structures. Small
forces can alter the angle between warp and weft, give rise to shear (Morner ve Eeg-Olofsson; 1957: 611). Shear
deformation plays a crucial role in response of fabrics fitting to a general three-dimensional surface as clothing
material (Zheng et al.; 2006: 145). As the fabric is fitted to a three dimensional surface, shearing occurs until the
critical shearing angle is reached. When this angle exceeds a strict value, the specimen starts to buckle i. e. wrinkling
is observed (Domskiene ve Strazdiene; 2005: 26). At the same time shearing influences the performance properties
as draping, stretchability and handle of fabrics during use (Domskiene ve Strazdiene; 2005: 26), (Başer; 2013: 402),
(Morner ve Eeg-Olofsson; 1957: 611).
When some studies about the three dimensional garment simulation are investigated in the literatüre; the physical
and mechanical properties which are used in fabric modelling are tested with KES-F system in the studies which
are Song ve Ashdown (2015), Kim and Park (2014), are tested with FAST system in the studies Kim and LaBat
(2013), Lim ve Istook (2011), Wu et al. (2011). At the same time these measurement systems are used in objective
measurement and evaluation of fabric hand properties. Except these systems V- Stitcher and Optitex software
programs are developed their own test systems to obtain neccessary fabric datas. The name of the measuring
system belonging to the V-Stitcher software program is Browzwear Fabric Test Kit and the name of the measuring
system belonging to the Optitex software program is Optitex Fabric Testing Utility (Power; 2013: 427).
Use of Interlining in the Clothing Sector
Convertibility of the rigidity of fabric is important in order to control the garment appearance and give the desired
form to the fabric in accordance with the model. It is used interlining as an additional material in order to get the
appropriate fabric rigidity for the model (Kim et al.; 2011: 598). It is used in building shape into the details as collars,
lapels, cuffs and pocket flaps and also are used in forced garment details expose to extra wearing stress like
buttonhole, placket, belt, collar (Jeong et al..; 2000: 1005). There are also functions such as reducing the tendency
of creasing and providing simplicity of seam (Bilen; 2010: 89). Suit production has an important position in textile
and garment industry. In the production of suit, interlinings are frequently used as supporting material in building
desired shape to the garment and in keeping this shape. It is expected that interlining which is fixed to the fabric
with different methods in the production will be suitable for fabric, selected model and sewing techniques and is
expected to be resistant to the effects (washing, dry cleaning, ironing). Adhesive interlining is usually used
nowadays because of its convenience and gives a higher level of quality in a garment (Kim et al.; 2011: 598).
This study is important for being a research which reveals the effect of interlining on bending and extensibility
properties which are affected clothing appearance. These investigated properties in the scope of research are also
important that they are used in fabric modelling for 3D virtual garment simulation in other words to transfer of the
fabric to the virtual environment. In this study is aimed to put forward the effect of interlining on bending and
extensibility properties on fabrics that are usually used for manufacturing suiting. Also these properties are tested
using Browzwear fabric test kit and Wira bending tester, Lloyd tensile tester and put forward the corelation between
of these systems. In accordance with the general aim, the below questions are tried to be answered;
1- How is the effect of the interlining on bendig property (weft and warp direction) on fabrics that are
usually used for manufacturing suiting?
2- How is the effect of the interlining on extensibility property (weft, warp and bias direction) on fabrics that
are usually used for manufacturing suiting?
3- How is the correlation of bending property between different measurement (Wira bending tester and
Browzwear fabric test kit) systems?
4- How is the correlation of extensibility property between different measurement (Lloyd tensile tester and
Browzwear fabric test kit) systems?
II. Material and Method
Material
The technical properties of woven suiting fabrics and interlinings which are used in the study, are given in Table 1
and Table 2, respectively.
Table 1: The Technical Properties of Fabrics Which are Used in the Study
Fabric
Code

Material

Weave
Design

Weft and Warp
Count (Nm)
Weft

356

Warp

2

Yarn

Weft and Warp
Density
(thread/cm)
Weft
Warp

Dying
Properties

Weight (gr/m2)

8th International İstanbul Textile Conference - Evolution Technical Textile (ETI2018), April 14-16, 2018, İstanbul, Turkey

F1

100% wool

82/2

76/2

31

32.8

Yarn dyed

175.3

F2

55% wool,
45%
bamboo

50/1

80/2

33

31.5

Yarn dyed

165.2

40% wool,
60%cotton

32/1

40/2

27

28

Yarn dyed

248.3

F4

30% linen,
70% cotton

68/2

68/2

23

25.5

Yarn dyed

196.7

F5

100% linen

26/1

26/1

19.5

19.6

Yarn dyed

160.2

F3

Table 2: The Technical Properties of Interlinings Which are Used in the Study
Interlining Code
Type of Interlining
Material
I1
Nonwoven
50% PES, 50% PA
I2
Nonwoven-reinforced threads
50% PES, 50% PA
I3
Weaving
100% PES
I4
Weft inserted warp knit
100% PES
I5
Weft inserted warp knit
100% PES

Weight (gr/m2)
32
38
42
42
38

Adhesive Properties
PA- Double Dot- CP-52
PA- Double Dot- CP-52
PA- Double Dot- CP-76
PA- Double Dot- CP-76
PA- Double Dot- CP-76

Shinko Summit Mini cylindric press was used for fusing the fabrics. Fusing paramaters which were recommended
by the interlining firm, were applied. The fusing parameters are given in Table 3 for each interlining.
Table 3: The Fusing Parameters
Interlining
Code
I1
I2
I3
I4
I5

Fusing Temperature
Recommended Applied
120-140˚ C
130˚C
120-140˚ C
130˚C
120-140˚ C
130˚C
120-140˚ C
130˚C
120-140˚ C
130˚C

Fusing Parameters /Cylindirc Press
Fusing Time
Fusign Pressure
Recommended
Applied
Recommended
Applied
8-12 sn.
10 sn.
2-4 bar
3 bar
10-15 sn.
12 sn.
2-4 bar
3 bar
15-20 sn.
17 sn.
2-4 bar
3 bar
10-15 sn.
12 sn.
3-4 bar
3.5 bar
10-15 sn.
12 sn.
2-4 bar
3 bar

Five suiting fabrics were fused with five different interlinings and twenty five samples were prepared. Totally thirty
samples were used for this study with five fabric sample without interlining.
Method
In the scope of the study in order to put forward the effect of interlining on bending and extensibility properties on
suiting woven fabrics and correlation between different systems, bending properties were tested by using both of
the Wira bending device and Browzwear fabric test kit. Extensibility properties were tested by using both of the
Lloyd tensile tester (LR5K plus) and Browzwear fabric test kit.
Measurements with Browzwear Fabric Test Kit: V-Stitcher program which is one of the softwares of Browzwear
company, is used for the virtual try-on. Browzwear test kit was supplied with the software, was used in testing the
bending and extensibility properties. The photo of this test kit is given in Figure 1.

Figure 1: Browzwear Fabric Test Kit

Figure 2: Bending Test

In bending test, two units of fabric samples in the size of 8x18 cm are prepared in warp and weft direction. The
fabric is laid on the main scale and is placed as to contact with the bending scale. The bending test bar is placed to
the part of the fabric on the main scale and the fabric is pulled till the lower edge comes to the tangent form on the
bending scale. In the final point where the fabric contacts with the bending scale ruler in tangent form, two
measurements are made. The first measurement is the plain measurement from the bar holding the fabric on the
bending rule where the fabric contacts with the bending ruler. The second measurement is the size of the handing
part where the fabric contacts with the bending ruler (Browzwear, 2010). The fabric bending test is given in Figure
3
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2. These two measurements were recorded to parameter table and bending rigidity are calculated on the software
(Figure 3).
In stretch test, weft, warp and bias direction of fabrics with the size of 8x18 cm, are prepared. The fabric samples
are affixed by being centered between the clips respectively and are placed to the test region. Metal frames are
affixed on the holder at the edge of the bar in hanging side of the fabric for hanging the weights. During the test, 0
gr (empty form), 100 gr, 300 gr, 450 gr and 650 gr weights are used and the value of the fabric sample on the rule
is noted. This process is repeated for 3 fabric samples. The obtained results forms the stretch test results for weft
and warp fabric sample and forms the shear test results of the bias fabric sample (Browzwear, 2010). The
implementation of stretch and shear test is given in Figure 3.

Figure 3: Identifying the Fabric Specifications and Test Measurements to the System

Figure 4: StretchTest

Measurements with Lloyd Tensile Tester (LR5K plus) and WIRA Bending Device: The Browzwear’s fabric testing
kit uses a simple strain gauges for measurement. Six weights (50, 100, 200, 300, 450, 650g) are hung from a
vertically mounted sample and the user records the extensibility results. The tensile tests were carried out by using
a Lloyd Tensile Tester (LR5K plus). In testing kit, the tensile properties of specimens are measured under a series
of loads. The extensions corresponding to the same tension values are compared.
For bending measurements; both testing systems (FTK and WIRA bending device) use the cantilever principle to
obtain the bending length under the fabric own weight. The bending rigidity is measured with WIRA bending device
according to ASTM D 1388-96.
Statistical Evaluation: Pearson correlation test were applied to evaluate different measurement systems statistically
using SPSS programme.
III. Results and Discussions
The Effect of Interlining on Bending Property
Bending property is defined that stiffness or rigidity which is the resistance of the fabric to bend. It is related to slip
resistance, drape characteristics, stretchability and wrinkles or folds of fabric. High value of bending rigidity indicates
a stiff fabric (Kim and Park; 2014: 1010, 1011). In the other words high value of bending rigidity is expressed in the
form of fabric is resistant to bend.The bending rigidity of samples obtained as the result of measurement with
Browzwear fabric test kit and Wira bending tester, are given in Table 4. When the results which are obtained from
Wira bending tester is analysed, it is seen that the bending rigidity in weft direction varies between 54.5- 270.9
dyne*cm, the bending rigidity in warp direction varies between 66.6- 1132.8 dyne*cm.
An increase in the bending rigidity in the weft and warp direction are observed in all samples which are examined
within the scope of the research after bonding. This can be expressed that interlining cause fabric to become stiff.
The fabrics before bonding and after bonding (for each interlining), the value of bending rigidity in warp direction in
order from low to high is F1 (Wool), F2 (Wool-bamboo), F4 (Linen-cotton), F5 (Linen) ve F3 (Wool-cotton), in weft
direction F1 (Wool), F2 (Wool-bamboo), F4 (Linen-cotton), F3 (Wool-cotton) and F5 (Linen). The rate of change
was calculated after the bonding of the fabrics, the rate of change on the warp is high from the weft. The highest
rate of change in the weft and warp direction is seen on fabrics which are bonding with I1 (Non-woven interlining)
and the lowest rate of change is seen on fabrics which are bonding with I3 (Woven interlining) in all samples. This
situation can be expressed as the nonwoven interlinings raise the bending rigidity more than other interlinings
(woven and warp knitting). Also the correlation was evaluated between the bending rigidity values which are tested
with Wira bending tester and Browzwear fabric test kit. There is a good correlation (71%) of the bending rigidity in
weft direction between Wira bending tester and Browzwear fabric test kit (Table 5) and high correlation (93%) of the
bending rigidity in warp direction between both of these test systems (Table 6).
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Table 4: Bending Rigidity Values Obtained from Wira and Browzwear Systems
Browzwear
Fabric Test Kit
WIRA Bending Tester
Fabric Code Warp direction The rate of
Weft direction The rate of
Warp direction Weft direction
(dyne*cm)
change
(dyne*cm)
change
(dyne*cm)
(dyne*cm)
F1
66,57
1,00
54,50
1,00
78,80
59,70
F1I1
122,61
1,84
87,82
1,61
250,79
137,60
F1I2
87,82
1,32
66,57
1,22
223,90
144,98
F1I3
66,57
1,00
54,50
1,00
163,32
195,36
F1I4
80,30
1,21
66,57
1,22
243,74
176,39
F1I5
122,61
1,84
87,82
1,61
136,20
153,72
F2
82,76
1,00
69,00
1,00
82,62
76,64
F2I1
218,62
2,64
134,77
1,95
369,16
200,88
F2I2
204,96
2,48
98,24
1,42
311,59
187,78
F2I3
98,24
1,19
82,76
1,20
240,91
238,33
F2I4
98,24
1,19
98,24
1,42
266,10
255,57
F2I5
145,13
1,75
124,91
1,81
152,94
248,63
F3
526,57
1,00
218,13
1,00
952,91
329,97
F3I1
1132,77
2,15
269,60
1,24
2607,31
451,11
F3I2
683,63
1,30
251,64
1,15
1968,46
336,85
F3I3
617,52
1,17
218,13
1,00
1646,01
380,67
F3I4
555,81
1,06
218,13
1,00
1458,66
384,66
F3I5
683,63
1,30
269,60
1,24
1003,05
361,37
F4
185,76
1,00
137,58
1,00
253,07
193,87
F4I1
332,59
1,79
199,34
1,45
853,64
486,41
F4I2
244,04
1,31
172,80
1,26
736,80
387,26
F4I3
199,34
1,07
148,73
1,08
403,60
792,07
F4I4
185,76
1,00
160,46
1,17
682,10
373,74
F4I5
244,04
1,31
172,80
1,26
366,10
367,70
F5
270,87
1,00
255,25
1,00
276,72
302,19
F5I1
287,12
1,06
270,87
1,06
596,42
638,45
F5I2
270,87
1,00
255,25
1,00
472,05
983,01
F5I3
198,76
0,73
255,25
1,00
464,39
1040,29
F5I4
212,00
0,78
270,87
1,06
489,11
714,24
F5I5
270,87
1,00
255,25
1,00
452,48
574,83

Table5: The correlations Between the Bending Rigidity in Weft Direction Obtained from Wira and Browzwear Systems
Bending
Rigidity
in
Weft Bending Rigidity in Weft Direction Direction -WIRA
Browzwear
Bending Rigidity Pearson Correlation
1
.708**
in Weft Direction Sig. (2-tailed)
.000
-WIRA
N
30
30
Bending Rigidity Pearson Correlation
.708**
1
in Weft Direction Sig. (2-tailed)
.000
- Browzwear
N
30
30
Table 6: The correlations Between the Bending Rigidity in Warp Direction Obtained from Wira and Browzwear Systems
Bending Rigidity in Warp Direction Bending Rigidity in Warp Direction-WIRA
Browzwear
Bending Rigidity Pearson Correlation 1
.932**
in Warp
Sig. (2-tailed)
.000
Direction -WIRA N
30
30
Bending Rigidity Pearson Correlation .932**
1
in Warp
Sig. (2-tailed)
.000
DirectionN
30
30
Browzwear

The Effect of Interlining on Extensibility Property
Stretch rigidity is defined as the resistance of the fabric to stretch. High value of stretch rigidity is expressed in the
form of fabric is resistant to stretch. Power (2013) specifies that low values indicate a high level of stretch and high
values donate fabrics with low extensibility. This property has an important effect in the building shape and sewing
of the fabric during garment production (Ly vd.; 1991: 403-404).
The extension values of samples obtained as the result of measurement with Browzwear fabric test kit and Lloyd
tensile tester, are given in Figure 5. The extension value which are at a load of 300gr obtained from Lloyd tensile
tester, in weft direction varies between 1.9 -4.8 mm, in warp direction varies between 0.6- 2.9 mm and bias direction
varies 1.1- 14.6 mm. The fabrics before bonding, the value of extension (load of 300gr) in weft direction in order
from low to high was F1 (Wool), F5 (Linen), F3 (Wool-cotton) ,F2 (Wool-bamboo), F4 (Linen-cotton), in warp
direction F3, F2, F1, F5, F4, in bias direction F1, F3, F2, F5 ve F4. An increase and decrease in the extension value
in weft, warp and bias direction are observed in all samples which are examined within the scope of the research
after bonding. This situation can be interpreted as the different types of interlining cause different effects on fabric
in different fibers. The lowest extension value in weft direction is seen on F1, F3, F5 fabrics which are bonding with
I1, F2 fabric which are bonding with I4, F4 fabrics which are bonding I5. The lowest extension value in warp direction
is seen on F1, F2, F3 fabrics which are bonding with I4, F4 fabric which is bonding with I1, F5 fabric is bonding with
I2. The lowest extension value in bias direction is seen on F1, F3 fabrics which are bonding with I4; F2, F4 fabrics
which are bonding with I1; F5 fabric which is bonding with I5. For all interlining types in the scope of the research;
nonwoven and warp knitting interlinings are caused low extension values in weft, warp and bias direction according
to weaving interlining. Also the correlation was evaluated between the value of extension which are tested with
Lloyd tensile tester and Browzwear fabric test kit. There is a good correlation (72%) of the value of extension in weft
5
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direction, good correlation (71%) of the value of extension in warp direction and good correlation (76%) of the value
of extension in bias direction between different measurement systems.

Figure 5: Extension values at a load of 300gr tested with Lloyd Tensile Tester and Browzwear Fabric Test Kit

V. Conclusions
Simulation of fabric is an important parameter to obtain garment close to the real in 3D virtual garment simulation.
Some fabric mechanical properties (bending, extensibility and shear properties) affect simulation of fabric close to
the real. Interlining is an additional material which is frequently used in garment production that is affected clothing
appearance and to provide in building shape to the garment. In this study is aimed to put forward the effect of
interlining on bending and extensibility properties on fabrics that are usually used for manufacturing suiting. It is
also aimed to reveal the correlation between different measurement systems used the measurement of bending
and extension properties.
An increase in the bending rigidity in the weft and warp direction are observed in all samples which are examined
within the scope of the research after bonding. The highest rate of change in warp and weft direction is seen on
fabrics which are bonding with I1 (Non-woven interlining), the lowest rate of change is seen on fabrics which are
bonding with I3 (Woven interlining). This situation can be expressed as the nonwoven interlinings raise the bending
rigidity more than other interlinings (woven and warp knitting). Also there is a good correlation of the bending rigidity
in weft and warp direction between Browzwear test system and WIRA bending device.
An increase and decrease in the extension value in weft, warp and bias direction are observed in all samples which
are examined within the scope of the research after bonding. This situation can be interpreted as the different types
of interlining cause different effects on fabric in different fibers. Also there is a good correlation of the extension in
weft, warp and bias direction between Browzwear fabric test kit and Lloyd tensile tester.
In view of the above results; it can be said that reflection of these changes which are occurred by interlining on
properties used in fabric modelling to the 3D virtual garment simulation programmes is important to simulate the
fabric more realistic.
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Abstract:
Nanotechnology can be seen as a new industrial revolution in the last decades. Application of nanotechnology and nanoparticles
in textile industry has risen owing to the possibility of incorporating desirable properties like antibacterial, UV protection abilities
(Subramani et al., 2017; Ibrahim et al., 2017).
The treatments of the textiles with antibacterial agents are applied to obtain fabrics made from natural fibers which are more
susceptible to microbial attacks (Buşila et al., 2015). Therefore, studies have been focused on functionalization of natural fibers
to avoid the negative impacts of growing microorganisms by using nanosized antibacterial agents (Ibrahim et al., 2017).
Researchers are currently focusing on developing eco-friendlier processes or materials for the application of nanoparticles. In
this concept, biopolymers have been extensively used as bionanocomposites. Biopolymers like chitosan can be used to replace
various chemical auxiliaries in textile finishing (Mohan et al., 2016). To take the advantage of macro-sized chitosan more
effectively chitosan nanoparticles were used and better results could be obtained by using less amount of chitosan. (Rivero et
al., 2015)
The aim of this paper is to study the applications of nanochitosan and chitosan-Ag nanocomposites onto the cotton fabrics by
environmental friendly plasma and sol gel methods.The effect of the concentrations of chitosan on the physicochemical
properties of the nanocomposites samples were investigated. Also, antibacterial activities of the treated fabrics were examined
in detail. Synthesized nanoparticles were characterized by DLS, UV-Vis and SEM-EDX analysis. Narrow size distributed
nanoparticles have been synthesized with a high chitosan concentration. As a conclusion of the application of biopolymer with
environmentally methods, the multifunctional cotton fabric is prepared with the potential to be able to obtain products used in
medical textiles.
Keywords: silver nanocomposites, chitosan, bionanocomposite, cotton, antibacterial

I. Introduction
Cotton is a natural fiber that consists of cellulose with β-1,4-D-glucopyranose as a fundamental unit. Cotton based
textiles are highly popular since they have sweat absorbing, and comfortable properties. However, cotton fabrics
provide an excellent environment for microorganisms to grow, owing to its ability to retain moisture. Therefore,
numerous chemicals have been used to improve the antimicrobial activity of cotton textiles (Abou-Okeil,2012).
Chitosan is widely used as an antimicrobial agent due to its biodegradability, nontoxicity, and antimicrobial
properties. Chitosan is a crystalline polysaccharide containing glucosamine and N-glucosamine. It is the
deacetylation form of chitin, the second most abundant natural polymer next to cellulose, which can be obtained
from crustaceans or fungal cell wall. The amino groups of chitosan allow the polymer to be dissolved in acids, so
chitosan films can be easily prepared from solution. The degree of deacetylation, which determines the content of
free amino groups in the polysaccharide, can influence the performance of chitosan in many aspects. Chitosan can
be applied in vastly diverse fields, ranging from waste management to food processing and medicine because of
its biocompatibility, biological activity and biodegradability. Chitosan carries positive charge that can interact with
the microbial surface, and therefore presents good antibacterial activities (Hsu et al., 2011)
The antibacterial properties of chitosan and its derivatives have been extensively studied. It is well known that they
exhibit pronounced antibacterial effects against both Gram positive and Gram negative bacteria. (Sharma, 2017)
Nanotechnology is concerned with materials whose structures exhibit significantly novel and improved physical,
chemical, biological properties, and functionality due to their nano-scaled size. Nanoparticles are defined as
particulate dispersion or solid particles within the range of 1–100 nm. Metal nanoparticles have received attention
in recent years because of their potential applications in microelectronics, photo catalysis, magnetic devices and
powder metallurgy. The intrinsic properties of metal nanoparticles are mainly determined by size, composition,
crystallinity, and morphology (Dickson and Lyon 2000).
Silver nanoparticles (AgNps) possess many superior properties, such as increased electrical conductivity,
antimicrobial activity, catalytic effect, etc. Many methods have been used to prepare AgNps such as chemical
reduction, photochemical, or radiochemical. Chemical reduction, solo chemical method and polyol method are
applied to prepare Ag nanoparticles. Chemical reduction from aqueous solution is the most preferable method to
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prepare AgNps. The aim of the present work is to immobilize AgNps onto cotton fabric to prepare highly uniform
antimicrobial cotton fabric using AgNps. (Abou-Okeil,2012)
The combined antimicrobial effect of chitosan and metals was explored to prepare novel nanocomposite materials
with improved microbicidal properties. In particular, a broad spectrum of activities against both Gram positive and
Gram-negative bacteria was demonstrated for gold, silver or copper-loaded chitosan nanoparticles. Such
nanoparticles were prepared by adding metal ion solutions into chitosan nanosuspension or by reducing a soluble
salt of the metal in presence of chitosan solutions. The antibacterial activities by disk diffusion method were
evaluated for nanoparticulate colloidal dispersion or in form of a thin film, in which the metal nanoparticles remained
embedded inside the chitosan polymeric matrix. In all cases, a remarkable antimicrobial effect was observed for
bacteria (Perinelliet al.,2018).
The incorporation of silver nanoparticles (AgNPs) into polymers and/or inorganic carriers is of great interest for
many researchers because of the potential applications of these nanocomposite materials in textile, medicine,
photocatalysis, water treatment, etc (Hien et al., 2015).
To improve chitosan nanoparticle coating on textiles, many methods have been applied. In this respect, plasma
technology can be used as better alternative treatments. Plasma technology can be applied under atmospheric or
reduced pressure to modify fiber surface depending on specific requirements. The species that participate in plasma
reactions, such as excited atoms, free radicals and metastable particles, electrons and ions, can interact either
physically or chemically with substrates. Plasma treatment is also an effective technique to modify the surface
properties of fabrics without altering the interior part of the fiber. By this way, many functional properties can be
given to the textile materials. Moreover, plasma treatment provides many advantages in comparison to conventional
finishing processes by reducing the chemical, water and energy usage(Türemen and Demir, 2017).
In this study, atmospheric plasma method was used for surface modification of cotton fabric as a pretreatment prior
to impregnation by different forms of chitosan (chitosan-AgNO3 nanocomposite, chitosan and chitosan
nanoparticles). Synthesized nanoparticles characterized by DLS, UV-Vis, SEM-EDX analysis. The treated fabrics
were compared in terms of their antibacterial activities.
IV. Results and discussions
The chitosan stabilized Ag nanoparticles solutions with suitably appropriate concentration are protected from
aggregation due to both steric and electrostatic stabilization effect of chitosan which has abandon of −OH and −NH 2
groups along the molecular chains. Therefore, colloidal AgNPs/chitosan solution is fairly stable during storage time
at ambient temperature(Hien, et al., 2015).
UV-Vis Analysis
In order to prepare silver nanoparticles to be applied to fabrics, it is aimed primarily to determine the most suitable
AgNO3 concentration. 2 mM, 5 mM, 10 mM and 20 mM different initial concentrations of AgNO3 were prepared and
UV-Vis analyzes were performed. Three different chitosan concentrations (0.05%, 0.1% and 0.2%) were used to
synthesized AgNps It has been taken into consideration that the nanoparticles prepared while determining the
optimum concentration of AgNO3 remain in a stable state. The stability of nanoparticles was determined by UV-Vis
analysis.
Silver nanoparticles give a characteristic peak in the visible region. Generally prepared nanoparticles were found to
peak at a range of 390-740 nm depending on the size and shape of the nanoparticles. In general, for silver
nanoparticles with spherical shape, a characteristic surface plasmon resonance peak was observed in the range of
390-530 nm.
As shown in Figure 2.1 the spectra of nanoparticles prepared at four different concentrations. When the spectra
were examined, it was determined that the absorbance value obtained by increasing the initial concentration of
AgNO3 was also increased. However, the same suspensions were mixed for 24 hours at room temperature using a
magnetic stirrer to determine if the particles were in stable medium. After 24 hours, the samples were reanalyzed
to obtain spectra as shown in Figure 2.2. After 24 hours, the absorbance values of the nanoparticles prepared at
initial concentrations of 10 mM and 20 mM appear to be significantly lower and approaching zero. Although the
absorbance values of the samples prepared with 5 mM initial concentration did not seem to have a slight decrease,
it can be said that the nanoparticles were stable in the medium. (Gökçe et al., 2014)
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Figure 2.1 UV-Vis spectra of silver nanoparticles prepared at different concentrations
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Figure 2.2. Change of stability of silver nanoparticles over time (24 hours)
For this reason, the upper limit of AgNO3 was determined as 5 mM. However, there was seen color change on the
fabric treated by 5 mM concentration, so the following experiments were conducted to determine the appropriate
concentration, such as 0.125 mM and 1.25 mM. As a result of experiments, the most suitable value is found at the
concentration of 1.25 mM. Figure 2.3 shows the spectra of nanoparticles prepared at concentrations suitable for
stability.
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Figure 2.3 Spectra of silver nanoparticles showing suitable stability
As shown in Figure 2.3, when the concentration is lower than 2 mM, the peaks in the obtained spectra are shifted
to higher wavelengths. The rise of the wave shows that the sizes of the nanoparticles are also increasing. The
obtained spectra show that the nanoparticles formed are spherical. The shift of the pigments from 398 nm to 413
nm indicates that the diameters of spherical nanoparticles increased. This situation, which results in a decrease in
concentration, supports the effect of concentration on the silver nanoparticle size.
DLS Analysis
The particle size distribution of chitosan nanoparticles synthesized by ionic gelation method at pH 4.6 and 5:1
chitosan:TPP ratio is given in Figure 2.4. The average size of the particles is 52 nm and 99% of the total particles
are below 90 nm.

Figure 2.4. Particle size distributions of chitosan nanoparticles
Particle size distributions of silver nanoparticles prepared using different chitosan concentrations at 1.25 mM AgNO 3
concentration are shown in Figure 2.5. It is clear from the figure that narrow size distributed nanocomposite samples
were synthesized with the increase of chitosan nanoparticles from 0.05% to 0.2%. Since chitosan assumes the
stabilizing role in silver nanoparticle formation, the reduction of chitosan concentration in the reaction medium
causes a decrease in the stability of nanocomposite particles.The nanoparticles synthesized with 0.05% chitosan
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concentration, which is the lowest chitosan concentration, have a mean particle diameter of 135 nm and about 60%
of the particles are below 100 nm. When the chitosan concentration is increased to 0.1%, the average particle
diameter decreases to 57 nm. At this concentration, 96% of the particles are below 100 nm. Finally, at the highest
concentration of chitosan studied (0.2%), nanoparticles were found to have the narrowest particle size distribution.
The average particle size is 16 nm and 99% of the particles are below 30 nm in number. If the obtained size
distribution is rather narrow, it is not necessary to try higher chitosan concentration.

a-%0.05 CHT AgNO3

b-%0.1 CHT AgNO3

c-%0.2CHT AgNO3

Figure 2.5. Particle size distributions of silver nanoparticles prepared at different concentrations of chitosan
Since chitosan acts as a stabilizer, it is very important that the stability of synthesized silver nanoparticles is ensured.
Therefore, the particles prepared with 0.2% chitosan are expected to perform better in antibacterial studies.
SEM-EDX Results
The SEM-EDX results for the demonstration of metal (Ag) loaded chitosan nanoparticles applied to cotton fabrics
are given in the following.

Figure 2.6. SEM-EDX analysis graphs of AgNO3 loaded chitosan nanoparticles
The amount of silver (%) in the silver-loaded chitosan nanoparticles is given in Table 2.1. It was seen that the Ag
ratio in the silver loaded nano composites prepared using 0.2% chitosan is 7.95% at atomic and 40.85% by weight.
Table 2.1. Element percentages of chitosan nanoparticles loaded with AgNO 3 through SEM-EDX analysis
Element

Weight %

Atomic %

C

31.74

55.48

N

3.15

4.72

O

24.26

31.84

Ag

40.85

7.95

4
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The presence of the silver and nitrogen atoms (originated from chitosan) on the cotton fabric demonstrates the
successful application of silver-chitosan nanocomposites on the fabric. also demonstrates the antibacterial activity
of fabrics treated with chitosan-silver nanocomposites, as well as the successful application of silver-chitosan
nanocomposites on the fabric.
Antimicrobial analysis results
The antimicrobial efficiency of cotton fibers was tested against gram negative and gram positive bacteria. As shown
in Table 2.3, since it has greater surface area, nanochitosan has more antibacterial effect than macrosized chitosan.
The antibacterial activities of chitosan, nanochitosan and chitosan loaded AgNps increased as the concentration of
particles ascended.
Tablo 2.3. Antibacterial analysis results of samples
Bacterial Reduction (%)

Sample

S.aureus

K. Pneumanie

Untreated cotton

-

-

%0,05 Chitosan

39,18

18,61

%0,05 Nanochitosan

48,83

28,35

%0,1 Chitosan

52,44

26,60

%0,1 Nanochitosan

75,53

60,43

%0,2 Chitosan

70,41

44,55

%0,2 Nanochitosan

91,38

65,29

AgNO3 Nanoparticles

83,78

89,72

%0,05 Chitosan-AgNps

89,24

94,89

%0,1 Chitosan-AgNps

95,60

96,98

%0,2 Chitosan-AgNps

98,34

99,99

P(A)-K

72,90

46,05

P(A)-NK

92,77

66,03

P(A)-Ag

99,99

99,99

Silver (Ag) is known as the most effective antibacterial agent in medicine. The results indicated that Ag nanoparticles
loaded cotton fibers by employing 0,05%, 0,1% and 0,2% exhibited greater reduction of bacterial growth. Further,
these experiments also indicated that AgNO3 nanoparticles and 0,2% Nanochitosan showed similar antibacterial
reduction on cotton fabrics. Based on this study it is possible to use these cotton fibers as antibacterial textiles.
V. Conclusions
In this paper, narrow size distributed chitosan nanoparticles were prepared using an ionic gelation method. The
conditions were determined with preliminary experiments to control the particle size distribution. 0,2% concentration
of chitosan nanoparticles were found to have the narrowest particle size distribution. The smallest particles were
obtained at pH of 4.6 and chitosan/TPP weight ratio of 5. Because chitosan has the stabilizing role in silver
nanoparticle formation, the reduction of chitosan content led to decrease the stability of the resulting silver
nanoparticles.
After having chitosan nanoparticles, they were applied by plasma and padding methods onto the cotton fabrics. The
antibacterial test results revealed that the most effective results were obtained by chitosan nanoparticles and Ag
loaded chitosan particles. SEM-EDX analysis confirmed the presence of Ag particles on the surface of treated cotton
fabrics. Also, the similar antibacterial reduction could be obtained by chitosan nanoparticles (0,2%) and Ag loaded
chitosan nanoparticles. The plasma pretreatment enhanced the antibacterial activity of chitosan and nanochitosan
applied cotton fabrics.
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The present study proved that chitosan nanoparticles were obtained successfully. Also, chitosan nanoparticles
showed better antibacterial effect compared with macrosized chitosan treated fabrics. Moreover, they gave the
similar results to Ag loaded chitosan particles. To conclude, it is thought that nanosized chitosan particles are good
candidates for obtaining antibacterial textile surfaces.
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Abstract
Today, a product manufactured through a multidisciplinary approach comes to the fore. The printing sector is one of the areas
where this approach is applied. As a printing surface, different printing systems are used in different areas such as paper, fabric,
metal, porcelain, wood, plastic surfaces. Textile sector serves not only clothes or fabric, but also various areas in different areas
of our life depending on technological developments. In this study, the characteristics and printing stages of textile based wall
paper obtained by nonwoven method which has technical textile properties are explained. Nonwoven technology and natural
fibers such as silk and cotton are used in the production of wallpapers in the coating materials used for decoration and
protection purposes in home textiles. In this production does not contain harmful chemicals, are the forefront environmentally
friendly properties. In the printing industry, printing systems in which nonwoven wallpapers are used as printing materials;
gravure, screen-printing, flexographic and digital prints. These systems are preferred according to their different properties and
these properties add a surplus value to the products. With this study; It has been shown that the printing industry and technical
textiles can be used together to produce products in different disciplines and respond to a wider range of needs.
Keywords: Wallpaper Printing, Gravure, Screen, Flexographic And Digital Printing, Technical Textiles,

I. Technical Textiles
Textile products are materials that are exposed and used in almost every area of our lives. The spaces and
technical textiles constitute the textile fields used in these areas. Technical textile; textile materials and products
produced for their technical and performance characteristics rather than their aesthetic or decorative features.
Specially designed, technical materials are used in the material used in order to fulfill a certain characteristic in any
process or process or alone. Technical textiles are expensive, high value added products. Chemical products are
products with superior performance characteristics such as weather resistance, microorganism resistance, high
strength, and fire resistance. These products are also used in areas outside of textile. Technical textiles can be
produced in the form of woven, knitted, nonwoven surfaces or their combination. Technical textiles are partially
related to the garment sector; engineering, medicine, geology, sports, automotive, agriculture, home textile. The
market area of technical textiles ranges from polymer manufacturers to technical textile producers, as well as
manufacturers who use these structures as intermediate products. Technical textiles are closely related to their use
as intermediate products with many manufacturing sectors. The usage areas of textile structures have greatly
expanded in this age of science and research, especially textile materials used in technical fields have gained more
importance than others in economic and social field. Technical textiles are seen as both the innovative face of the
textile and manufacturing sector and the future as a result of the development of the characteristics of the textile
structures in different forms and the use of each area. (Akalın, 2010) When the raw materials of textile structures
are examined; yarns, fibers and combinations of these two. While the structures made of yarn include the
structures obtained by the production methods which are the raw material yarn, the raw materials of the non-woven
fabrics made of fibers are generally composed of fibers. By bringing the fibers together, textile structures are
formed without any weaving or knitting. Contains felt and non-woven structures. Combining and coextruding fibers
and yarns obtain combination textiles. However, the polymer is obtained by polymer extrusion, as a polymer film or
as a direct surface. The raw materials of the technical textiles are polymer-based structures such as all textiles, or
fibers formed therefrom. These structures may be organic or inorganic. The properties of these structures
determine the gore in which the desired properties are to be used. These properties are: hardness, durability,
elongation, elasticity, paintability, water absorption, influence from chemicals, brightness, heat effect, electrical
properties. (Akalın, 2010) When the technical textiles are classified according to the end use areas, 12 main
groups are separated; Agricultural Technologies (Agrotech), Buildtech, Buildtech, Clothing Technical Textiles,
Geotech, Hometech, Indutech, Hygiene and Medical Textiles (Medtech), Transportation Textiles (Mobiltech),
Mobiltech, , Protech, Sportech and Ecotech are described in this document. (UİB, 2017) Hometech: The use area
of technical textiles is quite wide. One of these areas is classified as technical textile used in the rooms; bed textile,
sleeping bags, furniture, curtains and upholstery. Taking the market share of technical textiles into consideration,
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Hometech was the third largest area of the market after transportation and industrial areas. (Akalın, 2010) We can
also describe other textile products as carpet materials, woven and nonwoven carpet back coverings, carpet floor
yarns, furniture materials, spring covers, insulation materials, filling fibers, bedding, bedding materials, platform
fabrics, cleaning and filtration, vacuum filters and air conditioning filters. Home technical textiles (Hometech),
technical textiles, furnitures, beds, bedding, insulation materials, including the application area is a subclass of
mekantekin. (Mecı̇ t 2007)
I. 1. Nonwoven Technology
Technical textiles can be found in a wide variety of forms, such as wide and narrow weaving, woven and warp
knitted, nonwoven surfaces, rope and unvulcanized fibers. The most non-woven surfaces in these forms show
great improvement nonwoven, nonwoven textiles, non-woven and non-woven, technical textile products
manufactured for special use and having a very low cost compared to the usage period. The liquid may be
attractant, liquid repellent, flexible, rugged, soft, tense, flame retardant, filtering, antibacterial properties. In
nonwoven textiles, the main raw material is fiber. The fiber is divided into natural or synthetic fibers. In use, it can
be used as staple fiber or continuous filament. Production technology of untextured textiles; It is investigated in
three groups as dry processing (wetlaid), water treatment (wetlaid) and polymer melting (spunlaid). The methods
which are used in a hurry are paving methods by dry padding (carding) and twisting. Non-woven fabric production
with a watery padding method has a smaller share. The carding machines used in the dry process operate
according to the normal carding principles, but there are some minor differences. There are advanced methods for
better opening of the product after combing in yarn production, but in nonwoven production the fibers can not be
opened more and even more improvement is not possible. Therefore, in a nonwoven operation, the opening and
blending operations before the comb must be done more intensively and the grain must be designed to be opened
more. (https://www.tekstilbilgi.net, 2018)
I. 2. Wallpaper and Features
Wallpapers are interior decoration materials used to protect the wall surface and adhere to the walls with wallpaper
grappling, which is used to improve the decorative meaning of the spaces. Besides the coloring on the applied
walls, it adds a different appearance and mobility with its special structure, texture and relief. Today, the increase in
the quality of materials used with the development of technology has increased the popularity of wallpaper and the
development of design (landscape, 3D and personalized wallpaper models, etc.) has become a better option for
health and insulation. There are three types of wallpapers that are used as buildings. These are: Erasable (Vinyl)
Wallpapers: The most widely used wallpaper type. It is a compact paper produced by PVC lamination on paper
liner. After the color and pattern printing on the PVC coated top surface is done, the special machine is hot applied
- Hot emboss technique and special cylinders and pattern effects and relief texture are given. It is very easy to use
and the application is the most comfortable paper. It is resistant to sunlight; it will not fade for many years. It does
not stain and dirt with PVC based structure, it can be wetly wiped and even cleaned with brush. Once applied, the
joints are not visible and can be easily removed. Can also be used in wet spaces (bathroom - kitchen).
Paper-Based Wallpapers: Traditional wallpaper, base material is paper, the surface is not vinyl-coated. Its
application is very easy, it can be cleaned with a little damp cloth, it is not resistant to sunlight. Paper-based
Wallpapers are safe to use in infant and child rooms because they are not at all hazardous to hygiene and health
and are environmentally friendly. Textile Wall Paper: Comes from a single raw material or a combination of several.
Recently, non-woven bases have been widely used. (http://www.duvarkagitlari.com, 2018)
I. 3. Non-Woven Based Wallpaper and Features
The base material is non-woven. They are particularly preferred in terms of environmental awareness, having the
ability to receive air. It is an untreated impregnated material composed of long fibers of synthetic fibers and
cellulose and polymeric materials connected to each other. The wallpapers consist of three layers: the outer layer,
the surface on which the image is printed, the middle and lower layers are nonwovwn and paper surfaces.
The basis of nonwoven paper depends on the ratio of
cellulose and synthetic fibers and binders. In order to
give a smooth image to the wall, it is necessary to use
nonwoven paper that is dominated by cellulose. When
synthetic fibers dominate, the nonwoven wallpaper
becomes rougher, meaning that when the wallpaper is
glued, the paper looks relieved. Nonwoven; long fiber,
synthetic fiber based non-woven material. Synthetic
fibers have been added to the structure to achieve
durability from general nonwoven properties. This
material is completely safe for health. It is also

Fig. 1. Wallpaper Layers
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approved for use in all residential areas because it is
environment. Thanks to its high vapor permeability, it
not toxic, does not contain glass fiber, and prevents
creates
a
healthy
indoor
environment.
mold growth due to its high antifungal resistance.
(http://www.dreamswall.com/tr, 2018) In terms of
Most of the raw materials used in nonwoven
texture, the material is made from high quality natural
production are of natural origin. Heavy metals and
wood pulp, while pure wallpaper is made from natural
their compounds, organic solvents, mineral fibers and
plant fibers. Although they are different in structure,
formaldehyde are not used for the preparation of
plant fiber and natural dough are nature friendly
nonwoven canvases. It does not contain fiberglass. It
natural products.
is not toxic; it does not emit harmful substances to the
They have similar properties with these properties. The pure paper wallpaper gives a softer feel even though it
does not make any difference to the texture because it is made of pure paper wallpaper wood dough.
(http://tr.hjnonwoven-ru.com, 2018) Nonwonen wallpapers are made from natural fabrics such as hemp and cotton,
and they are darker when compared to PVC or other materials. While paper and vinyl carrier papers are more
yellowish, nonwoven is relatively white. If the Unwoven Fabric ruptures the corner of the wallpaper, distinctive
fibers can be seen and followed with a certain resistance due to strong strength. Since the fibers of others are
much thinner, it is easier to break and tear. Despite the fact that there is no sharp smell of flavor, nonwoven
wallpaper, others have a certain odor. (http://www.textile-mall.net) It can be applied on all types of plastered
surfaces, on porous concrete, on plasterboard, paper, wood and chipboard panes, on GRP and plastic surfaces,
on all kinds of old wallpapers and old paint. Important features include; It has high glacier, does not deform,
protects its shape under high humidity conditions. It prevents the formation of cracks that can form on the walls of
new houses. Increase sound insulation. It has high durability against light. Late flaring. It's easy to use. It can be
removed easily and without scars. Strengthens and smoothes the surfaces of walls and ceilings before painting. It
makes the paint surface perfectly smooth and durable. Significantly reduces the use of adhesives. It gives the
place of the last layer of paste before painting. (https://yasham.com.tr)
II. Non-Woven Based Wall Paper Printing Types
Historical examples in the field of textile printing reflect the high aesthetics of different cultures and the skill of hand
in production methods. With the industrial revolution, the mechanical production systems that took place in the
hand prints and hand paints affected the aesthetic values and tried to overcome the limitations brought by the
technological researches. From the roller presses that Thomas Bell patented in 1783 until today's digital printing
systems, the boundaries between design and application have been tried to be removed. During the industrial
transformation period, the creative ideas of textile designers were the source of new technological breakthroughs.
Textile printing has transformed from a decorative application into an experimental industrial platform shaped by
interdisciplinary interactions of crafts, art, design and technology. (Akbostancı, 2014) Today, textile design and
printmaking have focused on innovative approaches and traditional techniques for producing patterns that look
natural in the eye. These designs are mainly concerned with home textiles and garment fabrics. For commercial
purposes, printed fabrics are usually printed with film printing, for home, clothing, or related markets, painted,
printed, or embossed. Experience with hybrid applications of designs is the result of textile artist's own lean and
free experiments and supported by old and new printing techniques. Today, repressor is a large industry that
manufactures very expensive equipment, clothing fashion, interior space and the market for the industry. (Özpulat,
2012) Many types of printing suitable for today's printing technologies are used. The types of wallpaper printing on
nonwovwn technology materials also vary. These types of printing and their features are explained below. Surface
Printing: Metal rollers impregnated with a raised rubber pattern are mounted on a single machine. Ink is applied to
the surface roller, and the ink lays in the hills or rubber pattern sitting above the surface of the roller. The ink is then
pressed onto the paper. This printing method allows designs to be printed in lots of different colours, on heavier,
less smooth paper and in doing so creates a handmade appearance. Printing is done with flexographic plates.
Water-based inks are used for printing.(Fig.2) (https://www.boldandnoble.com)
Screen Printing: Screen printing
studios have been around since
the late 1940’, the process
involves a stencil and a screen.
The screen is used to evenly
spread the painted design onto
the paper through the mesh of the
screen; this can be repeated to
add more colours or layers of a
design. (https://www.radfordfurnis
hings.com.au)
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Fig. 2. Screen Printing Machine
Perhaps the most widely known
and understood printing process,
flatbed
screen-printing
was
developed in the 1940s and

3

quickly became a popular printing
method, still in frequent use today.
It can produce truly incredible
prints, with very opaque colors.
However, the process is very
labor intensive, and flatbed
screen-printed products are often
quite expensive. Flatbed screen
printing requires a large mesh
screen, typically 54” wide (with
varying heights), with each
separated design layer printed
sequentially by hand on a (up to
90’) long table.
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The screen is placed faced down on the paper, and thick, water-based inks are applied to the back of the screen and
drawn across using a rubber squeegee, forcing ink through the areas of the screen where the mesh is open. This
process is repeated until the finished design is complete. Rotary screen printing, developed in the 1950s, involves a
very similar concept, but is printed using a roller. The mesh screen covers the roller’s exterior, with the squeegee
located inside. Paper (up to 3000’ at a time) feeds through the machine, and the design is “squeezed out” of the
roller, and then to a hot-air drying station before receiving it’s subsequent print color. Because the machine requires
quite a bit of paper, continuously fed through the machine, it’s also an expensive process.
(http://www.madehow.com) First, a photographic negative is made in the model. Then, a silk screen about 91 cm
long is stretched over a magnesium or wooden frame. The screen is coated with a light-sensitive emulsion and
placed on top of the negative screen. After being struck by a bright light, the emulsion hardens in uncoated areas
and forms a pattern. The paper is placed on a long table, placed on a screen template, and the ink is applied with a
scraper or squeegee. The color of the paper on which the screen allows the ink to pass through the paper is
accumulated. The stencil is removed, the paper is lowered and inked again over the entire length of the paper roll.
The ink is thoroughly dried before the next color is applied. Each screen, blocks, guides, etc. Carefully insert it into
the I, so that the pattern aligns and repeats without breaking. Hand print produces patterns with a thick, evenly
applied color. Theoretically, the number of colors used in the scanning process is unlimited; However, the high cost
of handprinting limits the number of colors that firms can include in the model. This type of printing combines the
gravure printing technique with the sensitivity of photocell-produced templates. The mesh templates are wrapped
around hollow tubes mounted in a machine. (http://www.madehow.com) Ink continuously flows through the
film-wrapped tubes and onto paper, imparting a tremendous amount of color (a maximum of 12 colors). This
technique resembles the more expensive silk-screening, but it can print much more quickly—approximately 80 yd
(73.12 m) of wallpaper per minute. Rotogravure Print: Also called gravure or tiefdruck.Gravure Printing System;
Tief (deep), Druck (printing) Tiefdruck (deep, pit printing) takes the name of a German word, since the prints that
print on the printout are in the pit more than the nonprinting parts. The mold prepared for intaglio printing is covered
with excess ink during printing and this excess ink is stripped off with a doctor blade just before the printing takes
place. The ink remaining in the engraved regions is directly transferred to the surface to be printed by direct
pressure. Gravure Printing System; at the same time it is a "Direct Printing" type, since the printing material is taken
directly from the printing press. Job to be printed in gravure printing; is prepared by carving it into small cylinders
onto a metal cylinder surface. The ink that will be transferred to the submerged material remains in the carved pits.
The die roll, which is loaded with acid, electrogravure or digital methods in the Gravure Printing System, rotates
continuously in a chamber with ink of the appropriate viscosity value. There is no need for a long roller run in this
printing system. Therefore, with low water and solvent evaporation, fast drying viscosity low inks are preferred. UV
inks are also used at the same time. The image is rotated in the Gravure cylinder (mold cylinder) as it is direct
printing. The most important feature is that the printing plates can print between 1 and 5 million quality prints. The
printing presses can print approximately 200 - 300 meters per minute. In this system, the printing die rotates in the
ink reservoir. The ink fills the pits on the cylinder. According to inking, excess ink is peeled off in the pits and on
non-printing surfaces thanks to the knife (called dip, spray and plaster). Blade is made of steel and has a triangular
shape in contact with the mold. In addition, the knife cylinder 450 must withstand an angle. If it is lower, it will corrode
the mold. If it is higher, the ink will not peel well. With the inking of the ink, the ink in the pits on the cylinder is ready
to be transferred to the printing material. During this time, the mold is returned with normal working tempo. Opposite
to the mold cylinder, there is a counterpressure cylinder coated with rubber, which has a varying stiffness according
to the printing material. The printing material passing between the mold and the printing cylinder receives the ink ink
in the pits and transfers the image. As it is in the offset and type in the gravure system, inking is not done with the ink
rollers as it is in the type, so clear and soft printing results are obtained. At the offset, the ink comes in contact with
the water passing through the roller mills and the mold. In the case of the type, though, there is no water problem,
but the ink is transferred through the ink rollers.
fact that the prints are carried out in an identical and
clear way. The simplicity of the method is that after
lamination, folding, cutting, etc. automation of
processes. Gravure printing is preferred for magazine
magazines, cigarette packagings, margarine packs,
wallpaper, stamps and the like with high printing count.
(Büyükpehlivan, 2008) Gravure printing machines are
relatively expensive. The production of the respective
printing plates is relatively expensive, so it is expected
with high installation costs. However, gravure printing
forms are very stable in terms of circulation. Efficient
print length starts with about 100,000 hard copies and
grows to millions. Particularly for mail order catalogs, it
is interesting to represent real halftones for better color
Fig. 3. Gravure Printing Diagram
faithful
reproduction.(http://www.mediencommunity.de)
During this transfer, stable transfer of ink may not be
fully achieved. However, it is not possible to transfer
ink from pits to other ink materials. This is due to the
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Flexographic Printing : It was developed in 1960 and
is a surface printing-like printing system. It uses an
embossing process (a roller with a raised design on
the surface, similar to a rubber stamp). Initially
developed for use in the wallpaper industry, flexo
printing is now widely used in the packaging industry.
Unlike other printing methods, it can use flexo printing,
solvent or water based inks. To form the papers, the
ink is transferred to the cylinder (similar to a surface
printed wool blanket) through an 'anilux' cylinder, both
of which emit ink and determine the amount of ink
Fig. 4. Flexographic Printing Diagram
transfer. As roller rolls, the ink is transferred directly to
the paper. (https://patternobserver.com)
Digital Printing
Originally developed in the mid-1980s, digital printing has changed wall paper prints in almost every sector,
especially forever. Because of this invention, digital printing has made steady progress in the cost and quality of
production. Today, digital printing is better and more cost-effective than ever, and offers highly detailed live wall
coatings to a wide range of customers. All digital print wallpapers are created using water-based inks and UV curing
system. Traditionally, wall paintings (such as the elegant French landscapes) were expensive enough to sell only a
small handful. Today, digitally printed wall paintings can be seen everywhere: restaurants, hotel lobbies and living
rooms. In addition to large, non-repetitive wall paintings, digital printing allows companies to create very small
production flows and enables them to reach and profit from small niche markets that designers can not reach.
Digital printing is the latest printing revolution and it can be used to produce large scale designs, designs with more
that 8 colours and designs that are not restricted by the roll width in terms of their pattern repeat. This flexibility along
with the latest production methods gives wallpaper designers the opportunity to create large scale designs that are
bigger and better than ever before. (https://www.radfordfurnishings.com.au)
V. Conclusions
Different printing systems are used in various fields such as fabric, metal, porcelain, wood, plastic surfaces,
especially paper surfaces in the printing sector. After paper, fabric presses in the textile sector are at the forefront of
the sectors where these systems are used. Today, in particular, many different types of prints are used on untamed
materials of very fast developing textile techniques according to the expected quality and characteristics. One of
these areas is the wall paper prints with textile based nonwovwn technology. Screen printing, engraving, flexo,
surface and digital prints are preferred according to the features such as color, quality and size in the printing of
wallpaper. One of these printing types is preferred considering the advantages and disadvantages of the systems.
The printing sector cooperates with other fields of textile materials other than paper materials using different
printing techniques. Particularly good results are obtained when printing on nonwoven materials belonging to very
fast developing textile techniques. The technical textiles and apparel sector is a sector that plays an important role
in the economic development process due to the added value created both in the world and in the production
process and also in the export revenues, which countries can not easily give up. Over time, the use of technical
textiles has expanded from agriculture to construction, from all kinds of vehicles and transports to defense industry,
healthcare sector and now 25% of the fibers used in the world are used in technical textile sector. Nonwoven
technology in technical textiles is preferred; In order to achieve disadvantages during coating with wallpaper and
polyvinyl chloride which have good peeling properties in peeling off wallpaper from wallpaper, it is necessary to
provide polyvinyl chloride etc. to provide combined embossed fabric for good embossing suitability and good
dimensional stability. and used as a non-woven fabric combination to support the finished wallpaper and as a
wallpaper. The nonwoven fabric composition to support the wallpaper comprises a fibrous web of fibers in a first
layer and a fibrous binder and a fibrous binder and fibrous binder in a second layer of the composite nonwoven
web of a two layer web for support.
The present invention relates to wallpaper support. The extract alignment with two layered structure is used as a
wallpaper for untreated fabric, liner paper. More particularly, in use, a wallpaper paper layer is provided as a
wallpaper on the second layer surface, and a surface layer wallpaper is provided on the second layer surface. has a
two-layer structure, alignment is not touched, has good workability, dimensional stability is good, post-tack is not
practical when peeling problems, plaster is excellent in features, and wallpaper alignment. In wallpaper preferences
of nonwoven technology; Gravure printing is preferred if the integrity of the print is to be overprinted as tone
transitions and quantities. Gravure printing should be preferred if color, tone and metrics are important. Because it
is not offset with the ink rolls, as it is offset and typed in the gravure system, the result is clear and soft printing. At
the offset, the ink comes in contact with the water passing through the roller mills and the mold. In the case of the
type, though, there is no water problem, but the ink is transferred through the ink rollers. During this transfer, stable
transfer of ink may not be fully achieved. However, it is not possible to transfer ink from pits to other ink materials.
This is due to the fact that the prints are carried out in an identical and clear way. Because the engraving patterns
are very durable and expensive, they are not preferred for jobs with low quantities. If the intensity of color intensity
is very important in printing, serigraphy printing is preferred. Reason; sieve is due to the amount of ink passing
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through pore sizes. If the number of colors used is too high, rotary screen printing or gravure printing is preferred
because of the excess of the plate. The reason for this is that in these prints there are a number of printable colors
in addition to CMYK plus colors. If the user is more specific to individual designs, and if it is a small work, then this
type of printing that responds to this need is digital technology, which is the point of coming technology. Digital
printing presses, which allow for more experimental work and are capable of printing large and highly detailed
patterns in a single shot, also enable unlimited color usage. With this technology, which does not leave waste dye
in ecological terms, and has the ability to be processed chemically after holding onto the fabric, the printing industry
has gained an important innovation. Despite the advantage of the technique, a significant disadvantage is that the
ink / paint sprayers coloring the pattern are incompatible for each paint.
With this study; intelligent (interactive) technical textile products with high added value, innovative, competitive and
technology are formed as the sectors that cooperate in the production sector of the printing sector and the textile
sector, and the products are on the forefront. The greatest feature of technical textiles is that they are closely
related to other sectors.
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Abstract
Alginate is biomaterials that is used in food, textile and medical industry. Alginate is used in textile industry as a sizing agent,
thickener and finishing materials. In addition to this It is used in medical industry due to its biodegradable and biocompatible
properties. The aim of this study is to investigate the antimicrobial properties of Ag–alginate impregnated polyester/viskose
nonwoven fabric. In this study, Ag–alginate solutions were prepared. Polyester/viskose nonwoven fabric with different mixing
ratio was impregnated with prepared solutions. Finally, antimicrobial, EDX and SEM analyses were performed
Keywords: Ag–alginate, Antimicrobial Properties, Polyester/Viskose Nonwoven

I. Introduction
Alginate (alginic acid sodium salt) biopolymer obtained in brown seaweed; a polysaccharide consisting of guluronic
and mannuronic acid monomers (Küçükçapraz, 2016). Alginate has biocompatible and biodegradable properties
(Lee, 2012). Alginate has been utilized in a variety of applications such as food additives, pharmaceuticals,
cosmetics and textile manufacturing. In textile ındustry, alginate is used as a sizing agent, thickener and finishing
materials (Qin, 2008). Besides, İt is used to produce medical textile materials and fibers such as calcium alginate,
sodium alginate and silver alginate fibers. Alginate keeps the humidity level of the micro environment constant,
reduces the wound infection, and facilitates wound healing (Percival, 2015). Therefore, it is used as a wound
dressing material.
In terms of human health, microbial contamination of textile products used for medical purposes in hospitals is
important (Percival, 2015). For this reason, antimicrobial textile products are preferred in hospitals (Süpüren, 2006).
Different antibacterial agents such as quaternary ammonium compounds, triclosan, chitosan, natural-based
antimicrobial agents, metals and metallic salts, poly (hexamethylene biguanide) (phmb), regenerable n‐halamine,
are used in order to give antibacterial properties to textile products (Morais, 2016). In particular, studies have
predominantly being made to gain antibacterial properties with silver in textile industry. It has been known for 200
years that silver is healing wounds (Percival, 2015). Controlled release is an important part of work done with silver
ions, so, many studies have been conducted in relation to controlled release (Masood, 2015).
The objective of this study is to investigate the antimicrobial properties of Ag–alginate impregnated
polyester/viskose nonwoven fabric. In this study, silver nitrate, sodium alginate and calcium chloride solutions were
prepared. Secondly, samples were impregnated with the calcium chloride and silver nitrate solution then
impregnated with sodium alginate. Finally, the antimicrobial, EDX and SEM analyses were performed.
II. Experimental Set-up and Procedure
Materials
In this study polyester/viscose nonwoven fabric with different mixing ratio were used to be impregnated with
prepared solutions. The ratio of polyester/viscose fiber was three different quantities. First of the fiber ratio was
80% viscose to 20% polyester, second of the fiber ratio was 70% viscose to 30% polyester, third of the fiber ratio
was 40% viscose to 60% polyester.
Sodium alginate (E401) with 500-600 cps viscosity and 80 mesh high molecular weight and povidone-iodine
(PVP-I) was purchased from Kimbiotek (Turkey). Silver nitrate with 4.35 g/cm3 (20 °C) density, 212 °C melting point
and 169.87 g/mol molar mass was purchased from Merck. Calcium chloride with 15 - 30mm approx. size, 110.99 gr
molecular weight was purchased from Merck surechem products.
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Method
A. Preparation of Samples with AgNO3
In the beginning of application solutions used were prepared. The preparation of Na-Alg matrix is quite directly
forward.
In a typical synthesis 125 mL of Na-Alg (1.5 wt %) was added to a 125 mL aqueous solution. Following that, exactly
1.87 gr. Na-Alg was mixed in the totally 125 ml aqueous solution at 70 °C for 100 minutes in a 1600 rpm. Together
with this process, on the other side AgNO 3 (0.05 M) solution were prepared. According to the solution preparation
process, 1.06 gr AgNO3 (0.05 M) particul was added to 125 ml aqueous solution. Then, it was mixed in the solution
until the particles were completely dissolved in solution (Pandey, 2016).
Furthermore provided, CaCl2 solutions were prepared to get a stronger applique to nonwoven fabric. Following the
prepartions of solutions, CaCl2 solution was added to AgNO3 aqueous solution and both were mixing until getting a
homogenean mixture. It provided improvement of adhesion between solutions on the fabrics. In this manner, an
effective finishing process was performed.
After solutions were obtained ready to apply to sample, fabrics were cutted in 6x6 cm dimensions. In this way,
totally 9 sample were prepared for application. Three of them were 80% viscose to 20% polyester fabric, three of
which were for SEM analyises, three of which were for EDX analyses and the last three of which were for the
antimicrobial analyses. Nine of them were 70% viscose to 30% polyester fabric and the last nine of them were 40%
viskon to 60% polyester for the same analyses. At the end of this process there were 9 samples which were
impregnated solutions to perform SEM, EDX antimicrobial analyses.
Samples were firstly plunged into the Na- Alg solution, after this process they were immediately plunged into the
AgNO3 solution with CaCl2 inside it sequentially. After impregnating process, they were put in to the oven at 40 ºC
and for 40 minutes to get them dry and finished for analyses performing.
Preparation of 125 mLsolution aqueous solution with Na-Alg (1.5 wt %)

Preparation of CaCl2 within AgNO3 aqueous solution

Fabrics sample cutted in 6x6 cm dimensions

Samples Into the directly Na-Alg aqueous solution

Samples Into the directly CaCl2 within AgNO3 aqueous solution

Oven at 40 ºC for 40 minutes

Final fabrics
Table 1: Work-flow of preparation of samples with AgNO3

2

375

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

B. Preparation of Samples without AgNO3
As in the beginning of application solutions used were prepared. First, 125 mL of Na-Alg (1.5 wt %) was added to a
125 mL aqueous solution as it had been applied at first process. Following that, exactly 1.87 gr. Na-Alg was mixed
in the totally 125 ml aqueous solution at 70 °C for 100 minutes in a 1600 rpm. Afterward, three pieces of each type
fabric for all analyses were prepared with only Na-Alg subsequently CaCl2 applicated without any AgNO3 to obtain
the antimicrobial effect of AgNO3 by comparison between these two type of applied samples. After this application
process, there are 9 samples without AgNO3 and totally 18 samples. Also, there were getting 9 untreated raw
fabrics for using them as reference sample to make comparision between them and applique fabrics.
Finally, it has been totally 27 samples to perform the antimicrobial, EDX, SEM analyses of the each other. The list
of the samples number and properties is given below.
Table 2: The number of fabric samples to use in analyses

Fabric (x3)
1
2
3
4
5
6
7
8
9

Fabric Content
80% viscose to 20% polyester
70% viscose to 30% polyester
40% viscose to 60%polyester
80% viscose to 20% polyester
70% viscose to 30% polyester
40% viscose to 60% polyester
80% viscose to 20% polyester
70% viscose to 30% polyester
40% viscose to 60% polyester

Applied Chemical
None
None
None
Na-Alg + CaCl2
Na-Alg + CaCl2
Na-Alg + CaCl2
Na-Alg + CaCl2 with AgNO3
Na-Alg + CaCl2 with AgNO3
Na-Alg + CaCl2 with AgNO3

III. Analysis
A. Physical and chemical properties of samples
Physical and chemical structures of samples were analyzed with SEM and EDX by using ZEISS/EVO 40
Electron Microscope.
Electron Microscopy instruments (Scanning Electron Microscopy (SEM) where the imaging capability of
the microscope identifies the specimen of interest was analyzed. The data generated by EDX analysis
consist of spectra showing peaks corresponding to the elements making up the true composition of the
sample being analysed. Elemental mapping of a sample analysis were also presented.
B. Antibacterial Analysis
For the AATCC 100 method, a square sample of 4.8×4.8 cm was used. In the AATCC 100 method, an
inoculum with 100 ml of LB and incubated for 24 h at 37±1°C was used. Its bacteria concentration was
adjusted with LB 105 cells ml-1. Then, 1±0.1 ml of the diluted inoculum was placed in each sample. 50 ml
sterile distilled water was added and the sample 1.This was vigorously shaken for 1 minute. 100 μL of the
liquid sample was placed on LB agar plate. This represents “zero contact time”. The other samples were
incubated for 24 h at 37±1°C. After the incubation period, 50 ml sterile distilled water was added and was
vigorously shaken for 1 minute. 100 μL of the liquid sample was placed on LB agar plate. This represents
“24 contact time”. All plates were incubated 37±1°C for 24 hours. After incubation, colonies of recovered
were counted used to determine percent reductions. In this study, Staphylococcus aureus (Gram positive)
and Klebsiella pneumoniae (Gram negative) were used as test organisms.
IV. Results and discussions
A. Results of SEM
SEM of sample 7, sample 4 and sample 1 are given in figure 1.
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a

b

c
Figure 1: SEM results of (a) sample 1, (b) sample 4 and (c) sample 7

SEM images show images of the untreated sample and the alginate CaCl2 sample and the silver sample
with 80/20 ratio of viscose/polyester. The reason why only 80-20% of fabrics treated with AgNO3 in SEM
images were given is that, it is due to the excess of the silver element in the fabric.
According to the normal sample, sample with CaCl2-alginate appears to be cross-linked on the surface due
to calcium. Silver particles in the sample with Silver alginate CaCl2 is visible as small microparticles on the
surface, as it can be seen from the SEM images.
B. Results of EDX analysis
Edx analysis gave the content of elementes in the chemical structure of materials. Totally, nine different
fabric samples were analyzed in EDX instrument (ZEISS/EVO). When references samples were
investigated, it was seen there were C and O elements were presented and while ratio of viscose in the
fabric was increasing, quantity of O element was rising. Afterwards, samples with only Na-Alg and CaCl2
applied were investigated. Unlike the first samples group, extra diffrent elements were appeared as Cl, Ca,
Na, and K elements. Relying on this result, it can be certainly said that Na-Alg and CaCl2 solutions
successfully appliquéd onto the samples. EDX graphs and table were given below to compare the EDX
results of samples belonged to two diffrent groups.
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a

b

Figure 2: EDX results of (a) reference and (b) NaAlg-CaCl2 apliqued samples

Finally, EDX results of samples appliquéd with AgNO3 were investigated. According to edx results, there were not
seen any Ag ions onto the samples with 40% viscose to 60% polyester content. However, as opposed to this result,
onto the samples with 70% viscose to 30% polyester content and samples with 80% viscose to 20% polyester
content there were seen Ag element ions in different levels. The high level of Ag ions was presented onto the
sample with 70% viscose to 30% polyester content. Approximately to that, sample with 80% viscose to 20%
polyester content contains high level of Ag ions in its chemical structıre. It can be said from these results, the Ag
ion is more easily trapped in the fabric, if viscose ratio is more than polyester ration in the fabric content. So that, it
was decided that samples with 80% viscose to 20% polyester content must be analysed for the anti-microbial
characteristic as they have Ag ions in their structure and they have antimicrobial protective properties. Edx graphs
and element lists of three types of samples were given below. As it is shown from the graphs and lists of elements,
only samples which have more viscose contents than polyester contens have Ag ions on them.

a

b
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c
Figure 3: EDX results of (a) 40% viscose to 60% polyester, (b) 70% viscose to 30% polyester, (c) 80% viscose to 20% polyester

C. Results of Antibacterial analysis
Antibacterial activity of sample 7, sample 4 and sample 1 are given in table 3.
Table 3: Antibacterial activity of sample 7, sample 4, sample 1.
Sample
7
4
1

Bacteria
S. aureus
K. pneumoniae
S. aureus
K. pneumoniae
S. aureus
K. pneumoniae

Antibacterial Activity %
100
100
Increase in the number of bacteria
Increase in the number of bacteria
No bacterial growth
No bacterial growth

a

b

Figure 4: Bacterial growth in a (zero contact time) and b (24 contact time) for Sample 7 on S. aureus

a

b

Figure 5: Bacterial growth in a (zero contact time) and b (24 hours contact time) for Sample 7 on K. pneumoniae
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Regarding the results obtained with the AATCC 100 method, it is possible to notice that samples 7 presented 100%
of growth inhibition for both bacteria, while sample 4 presented increasing in the number of bacteria for S. aureus
and K. pneumoniae. Otherwise bacterial growth was not observed in sample 1. In sample 4, bacteria consumed
the alginate as food source, in sample 1 conditions was not suitable for bacteria growth.
V. Conclusions
As a result of the SEM and EDX analyses, calcium alginate formation was observed on nonwoven surfaces
containing viscose and polyester at different ratios where alginate and calcium chloride were applied. In addition,
antibacterial activity was not observed in samples containing calcium alginate. The absence of antibacterial activity
is thought to be due to the absence of structure that would prevent antibacterial activity in the structure and alginate
to be formed by nutrients for bacteria.
In the samples treated with AgNO3-CaCl2-Alginate, it is difficult to substitute the sodium element in the sodium
alginate structure of silver, making the formation of silver alginate difficult (Qin, 2008). For this reason, in order to
achieve formation of silver surface in the study, AgNO 3 and CaCl2 were processed together. As a result of the
analysis, the increase of the viscose ratio and the increase of the silver ratio on the surface after the application
were thought to be caused by the functional groups in the viscose structure. Antibacterial activity was observed on
the surfaces due to silver formation.
Finally, in the first antibacterial test made on the untreated reference fabric, no bacteria were found in the test made
after 24 hours when the bacteria were growing. This is thought to be due to the fact that they can not sustain their
nutrient-free life for 24 hours at 37 ° C.
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Abstract:
The introduction of fiber-reinforced plastics (FRP) in serial and large series production is decisively influenced by the
cost-effectiveness of the manufacturing processes. At present, preform production causes a significant amount of the resulting
component costs and represents one of the biggest barriers to FRP serial production. As a result, the objective is to reduce the
corresponding process costs. Systematic and efficient process chain design can make a significant contribution in combination
with the development of new technologies and the continuous improvement of established processes. The existing methods for
designing process chains are therefore striving to reduce intuitive decisions and to facilitate a systematic approach.
Nevertheless, they are still dependent on manual procedures and the process planner's wealth of experience. This may impede
a well-founded and objective decision-making process. Furthermore, a technological or economic evaluation is often carried out
for a few selected alternatives. As a consequence, upstream decisions are made in isolation, technically feasible process
chains are prematurely excluded and an intuitive procedure is facilitated.
Therefore, this paper is about a first extension of existing planning methods with simple mathematical decision models. Thus,
alternatives are no longer prematurely excluded and subject to a technical and economic assessment without exception.
Keywords: Process Chain Design, Operations Research, Composites

I. Introduction
In the wake of climate change and increasing environmental awareness, the importance of possibilities to reduce
pollutant emissions is growing rapidly. One of the most common practices in the automotive industry to decrease
pollutant emissions is the reduction of the vehicles’ dead weight (Ahlers, 2016; Uebel etal., 2014). Manufacturers,
however, are also expected to meet the ever-increasing safety, quality and convenience standards. This usually
leads to an increased vehicle weight (Mende, 2016; Wedeniwski, 2015). As a result, there is a conflict of objectives
between emission reduction and safety as well as convenience requirements that is difficult to resolve with
conventional materials (Ahlers, 2016).
Alternative materials with high lightweight construction potential provide a viable solution for the aforementioned
conflict. By using these materials, the vehicle dead weight can be reduced without compromising the
safety-relevant mechanical properties. Fiber reinforced plastics (FRP) form such an alternative material group and
are characterized by high strength and stiffness values in fiber direction (Cherif, 2011; Henning and Moeller, 2011).
These properties excel especially in context of their low component weight. Therefore it is possible to reduce
weight by up to 30 % compared to the in lightweight constructions predominant aluminum (Ahlers, 2016). These
advantages facilitate an increased application of FRP as well as a steady market growth (Kraus and Kühnel, 2015,
Witten, 2015). However, FRP have yet to be fully established within large scale productions. Especially the
production of textile preforms causes the majority of the resulting component costs (up to 50 %) and impedes the
establishment of FRP in series production massively (Lässig etal., 2012; Trümper, 2016). Hence it is of the utmost
importance to reduce preforming costs in order to be able to produce FRP competitively in large scales.
An efficient and systematic process chain design can provide a significant contribution towards this purpose.
Nonetheless, existing methods and guidelines for process chain design are limited to convential materials and as a
result cannot be used for FRP processes (Greb, 2013). Subsequently, current planning processes and methods for
FRP production chains are heavily relient upon the planner’s experience as well as intuitive decisions. Additionally,
technological or economic evaluation of process chains is often carried out for only a few preselected alternatives.
This leads to the negligence of many auspicious possibilities and impedes an objective and well-founded
decision-making process. As a consequence, upstream decisions are made in isolation, technically feasible
process chains are prematurely excluded and an intuitive procedure is facilitated.
The methods and models of Operations Research (OR) can help to advance FRP process chain design. By using
mathematical decision models, all alternatives can be examined and evaluated during the planning process. Such
optimization models are already being used in other industries and are an important reason for the reduction of
planning costs by up to 45% (Holas-Veras etal., 2018). Despite their enormous potential for process planning,
optimization algorithms are up to this day only being used for FEM-Simulations and laminate build-up within the
FRP industry.
1
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II. Set-up, Procedure and Example Component
The existing procedures for FRP process chain design combine the common goal of advancing the introduction of
FRP manufacturing processes in large series production. Their main aim is to improve the economic efficiency of
these processes. As a result, the focus is placed on the preforming process steps, as these account for the majority
of the resulting component costs. Up to this day, existing methods have always aimed to reduce the number of
alternatives as early as possible during the process chain design process. This is due to the immense consumption
of time and excessive expenditure costs. The targeted implementation of Operations Research methods enables
an economic or technological evaluation to be conducted during the selection process and directly included in the
decision-making process. In addition, the consideration of alternatives and the calculation effort can be vastly
improved. Subsequently, the potential is provided to decouple process chain design even more from an intuitive
procedure of the process planner and to facilitate a more systematic approach.
Therefore, this paper examines the implementation of OR methods and models. The central examination is based
on aspects of implementation and limitations of the OR methods. In order to be able to address these, various
component-dependent factors have to be taken into account. Therefore, the decision must always be made in
consensus with the component design. Hence a new, OR-based approach to FRP process chain design will be
deduced and applied in the following. In accordance to the procedures of Greb (2013) and Grundmann (2009), the
methodology developed is limited exclusively to sequential preforming. Textile production, consolidation and final
finishing are not taken into account.
In order to be able to make well-founded and objective selection decisions in the course of process chain design, a
thorough data basis is indispensable. The collected or available data is usually unsuitable for usage in a
mathematical optimization model. Therefore, the processing of the data into mathematical expressions is very
important. Additionally, single process modules have to be defined. These should be derived from the component
design. Therefore it is recommended to first consider the needed individual components and, proceeding from
these, to evaluate which process modules can be used to achieve the final geometry of the component. Beyond
that, restrictions and requirements for process controlling need to be identified. This includes for instance the early
exclusion of technologies for certain materials or process modules due to lack of technical feasibility. In this context,
the order of the individual process steps also has to be defined. Once the restrictions have been formulated, the
optimization model can be generated using modeling software such as GAMS or a solver such as Gurobi in
conjunction with a programming language (C++, Java, Python or similar). Lastly, the solution of the model has to be
evaluated. It is particularly important to check the semantic meaning of the sequences, investments or
assignments. On the basis of these explanations, the procedure is derived according to the methodology shown in
Fig. 1.

I

Data collection

III

Definition of
process
modules

II

Data
processing

IV

Definition
process
requirements

V

Transformation
of process
requirements
into a
mathematical
model

Fig. 1: Schematic Illustration of the developed methodology

In the following, the aforementioned procedure will be applied and validated by means of an example component.
The example component in question is a roof segment of an automobile. It is manufactured in shell construction
and is shown in Fig. 2. The component consists of a roof shell, metal inserts and various stiffening elements.
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metal insert

stiffenening
element

roof shell

Fig. 2: Examined example component according to Lösing (2013)

The roof shell is made out of four layers of a multiaxial glass fibre layer and is built up quasi-isotropically. The
grammage of each layer measures 840 g/m². The later visible surface is formed by an additional layer of fabric.
The selected structure was validated in the course of the work Grundmann (2009) with the help of a finite element
method simulation.
III. Analysis
The developed methodology was applied on the production of the example component. Therefore only a simple
case with a predefined sequence of process modules was examined in order to show the general applicability of
the methodology.
As mentioned above, Data was gathered via literature research and expert interviews. It was then further
processed in order to make it useable for a mathematical model. The process modules for the example component
were defined as material transport, handling of metal insert, handling of top layer, handling of stiffening element,
joining. The formulated restrictions are roughly summarized in Tab. 1.
Tab. 1: Summary of formulated restrictions
Proces module
In General
Material transport
Handling of metal
insert
Handling of top
layer
Handling of
stiffening element
Joining

Restrictions
Allocate exactly one technology to
every process module
Ability to grip paper & foil
Ability to grip multiple layers
No water (corrosion)
No penetrating
No penetrating
No penetrating

Based on the formulated restrictions, the model was designed as follows:
Decision variables and parameters

1, 𝑖𝑖𝑖𝑖 𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑖𝑖 𝑖𝑖𝑖𝑖 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑗𝑗
𝑥𝑥𝑖𝑖𝑖𝑖 = {
0, 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
𝑦𝑦𝑗𝑗 = {

1, 𝑖𝑖𝑖𝑖 𝑎𝑎 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑖𝑖𝑖𝑖 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑗𝑗
0, 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

(1)

(2)

𝑐𝑐𝑖𝑖𝑖𝑖 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑏𝑏𝑏𝑏 𝑡𝑡ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡ℎ𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑖𝑖 𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑗𝑗

(3)

𝑚𝑚𝑚𝑚𝑚𝑚 ∑𝑖𝑖𝑖𝑖 𝑐𝑐𝑖𝑖𝑖𝑖 𝑥𝑥𝑖𝑖𝑖𝑖

(4)

Objective function:

Restrictions:

3
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∑ 𝑖𝑖𝑖𝑖 𝑥𝑥𝑖𝑖𝑖𝑖 = 1

(5)

∑𝑖𝑖 𝑥𝑥𝑖𝑖𝑖𝑖 𝑝𝑝𝑖𝑖 𝑓𝑓𝑖𝑖 = 1

(7)

∑𝑖𝑖𝑖𝑖 𝑥𝑥𝑖𝑖𝑖𝑖 𝑡𝑡𝑖𝑖𝑖𝑖 ≤ T

(6)

∑𝑖𝑖 𝑥𝑥𝑖𝑖𝑖𝑖 𝑚𝑚𝑚𝑚𝑖𝑖 = 1

(8)

∑𝑖𝑖 𝑥𝑥𝑖𝑖𝑖𝑖 ≤ 𝑦𝑦𝑗𝑗

(10)

𝑥𝑥𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑗𝑗 = 0, ∀ 𝑗𝑗 ∈ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙

(12)

∑𝑖𝑖 𝑥𝑥𝑖𝑖𝑖𝑖 𝑠𝑠_𝑤𝑤𝑤𝑤_𝑝𝑝𝑖𝑖 = 𝑦𝑦𝑗𝑗

(9)

∑𝑖𝑖 𝑥𝑥𝑖𝑖𝑖𝑖 𝑝𝑝_𝑠𝑠𝑖𝑖 = 𝑦𝑦𝑗𝑗

(11)

𝑥𝑥𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝑗𝑗 = 0, ∀ 𝑗𝑗 ∈ 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝑜𝑜𝑜𝑜 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖

(13)

𝑥𝑥𝑖𝑖𝑖𝑖 , 𝑦𝑦𝑗𝑗 ∈ {0,1}

(14)

With the above given restrictions the used branch-and-bound-algorithm was not able to solve the model. A review
of the formulated restrictions revealed that it is not possible to produce the targeted amount of parts within a single
year. Hence, the corresponding restriction (6) was eliminated and the model was thereafter feasible.
IV. Results and discussions
Solving the model leads to a technology allocation analogous to the results of Greb (2013) and Grundmann (2009).
In addition, the breakdown of the cycle time shows that the joining process module is the most time-consuming
step in the process module chain and accounts for almost 60 % of the total cycle time. With regard to the grippers,
the needle gripper is the most cost-effective alternative and is only excluded if the material must not be damaged
during handling (e.g. handling of the top layer). The final technology allocation after solving the model can be seen
in Fig. 3

Cutting
US

Handling
NG

US = Ultrasonic cutting
NG = Needlegripper
TT = Tufting
BG = Bernoulligripper

Cutting
US

Roof shell
Joining
TT

Preform

Metallinserts
Handling
BG

Handling

Joining

BG

TT

Joining
TT

Stiffening elements

Fig. 3: Resulting technology allocation after solving the model

Subsequently, the obtained result has to be considered critically. Component costs have been minimized without
any time restrictions. Although the component can be manufactured with minimal component costs, there is no
guarantee that the process chain obtained will be as efficient as possible. Therefore, the resulting cycle time must
be taken into account in further investigations. The inclusion of both process costs and cycle time in the target
function must be viewed critically due to different units.
The results of the application of the methods largely coincide with the results of existing methods (Greb, 2013;
Grundmann, 2009). There are only minor deviations in the handling technologies, but these do not have a
significant influence on component costs or cycle times. Further deviations are due to an update and addition of the
stored data. The only small differences are due to the fact that a very simple model was considered in the course of
this paper. With increasing degrees of freedom in modeling (subject of future investigations), larger deviations and
above all more efficient process chains should result from the application of the methodology. In addition, the time
4
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required to consider alternatives is significantly reduced by the methodology. The use of generic models enables a
quick observation and planning of different process chains.
V. Conclusions
The basic applicability of the developed methodology and the OR methods in the FRP sector can be proven in the
course of the validation. The results of existing methods can also be confirmed by the findings obtained. However,
technically feasible alternatives are not prematurely excluded in comparison to these. As a result, optimal decision
making can be ensured in accordance with the restrictions, provided that the associated mathematical model can
be solved. In addition, the time required is reduced by using generic models. As a result, the efficiency and
systematics of the process chain design can be increased and a significant contribution can be made to the
establishment of FRP in large series production. However, the formulation of models with greater degrees of
freedom will be part of future investigations.
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Abstract:
Boron carbide (B4C) nanofibers have a wide range of application in automobile and aircraft components, ballistic applications
and nuclear power plants due to their high chemical inertness, thermal stability, hardness, excellent high temperature
thermoelectric properties and neutron capture capacity. Since electrospinning technique enables mass production of
one-by-one continuous nanofibers from various polymers, the electrospining of B 4C nanofibrous membranes in the polymer
provide large surface area to volume ratio, flexibility in surface functionality and superior mechanical and impact performance.
In this study, by addition of polyvinyl pyrrolidone (PVP) into poly vinyl alcohol (PVA)/ boron carbide composite nanofibrous
membranes, the effect of the electrospinning parameters on the fiber structure, morphology and its characteristic behaviour,
depending on solution flow rate, applied voltage and distance between the substrate and syringe, were investigated by
scanning electron microscopy (SEM) and FT-IR analysis.
Keywords: poly vinyl alcohol (PVA), poly vinyl pyrrolidone (PVP), boron carbide (B4C), electrospinning

I. Introduction
Since the last three decades, the demand for wound care products in the health sector is gradually increasing.
Wound care products are separated from each other as passive, active, or interactive wound dressings in terms of
healing techniques (Gokmese,2013). While passive dressings only protect the injured area, active and interacting
dressings create a moist environment and promote healing. Such wound care products provide a moist
environment that facilitates delivery of blood and nutrients, thereby preventing both wound contamination and
reducing cell death, allowing wound healing (Keast,1998). Despite the availability of many methods like gel
formation, compression molding, die-cutting etc. and products such as hydrogels, biodegradable polymer scaffolds,
medical foams, medical fabrics for wound care products (Ennis,2012), the increase in demand for nanofiber
membranes in biomedical applications has attracted more interest compared to other applications. Although
nanofibers are produced by electrospraying and centrifugal bending method in nanofiber production, difficulties in
controlling the flow of liquid, fiber quality and low production rates limit the use of these methods
(Mahalingam,2013). Since electrospinning nanofibers is a simple, versatile and inexpensive method, it allows
different materials to combine with individual morphology. With this feature, the production of functional nanofibers
with electrospinning is a unique alternative for biomedical applications.
Depending on various wound care applications, biodegradable polymers with a wide range of molecular weights
are used. For instance, polyvinyl alcohol (PVA), polyvinyl pyrrolidone (PVP), polyethylene glycol (PEG), polylactic
acid, polycaprolactone, polyethylene oxide polymers (Lendlein,2011) are used as nanofiber membrane polymers.
Depending on the porosity volume and pore size, nanofibers are produced in different dimensions. Porosity of
these scaffolds can be easily tailored to facilitate infiltration of different types of cells. Water soluble PVA has
excellent physicochemical and mechanical properties and most widely used biocompatible polymer in
electrospinning technique. However, low elasticity modulus and poor hydrophilicity limit its nanofiber production.
Since water-soluble PVP has a functional group similar to PVA, they can be easily crosslinked (Shankhwar,2015).
Use of both water soluble polymers in different ratios can be an alternative wound healing application for
biocompatible and antimicrobial wound dressing production.
There are only a few reports on PVA-PVP nanofibers produced by electrospinning method. NIH 3T3 fibroblast cells
embeded in PVA-PVP nanofibers (Subramanian, 2014) as well as studies on PVA-PVP nanofibres functionalized
with gold (Au) nanoparticles (Mishra,2010) have been investigated on their conductivity and microbial activation.
However, the lack of improvement in PVA-PVP flexibility and strength reveal the importance of non-oxide ceramic
materials in the polymer matrix. Several studies focused on ceramic compunds such as NiFe2O4 (Li,2003), Al2O3
(Larsen,2003), GeO2 (Viswanathamurthi,2004), TiO2 (Madhugiri,2004), SiO2 (Zhang,2005), BaTiO3 (Yuh,2005) and
B4C (Uslu,2012) nanoparticles in unary polymer matrix solutions for nanofiber production by electrospinning
technique. Apart from the above mentioned studies, the effect of B4C nanoparticles on PVA-PVP nanofibers have
not been studied so far.
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II. Experimental Set-up and Procedure
Water-soluble PVA (MW: 85,000-146,000 g mol/1, 98% hydrolyzed) was obtained from Thermofisher Acros
Organics (Belgium). Granular polyvinyl pyrrolidone (PVP, K-30) and 1-3m boron carbide (B4C) with 99.9% (US
Research Nanomaterials, Inc., USA) powders were also supplied by Sigma Aldrich. Water-soluble granular PVA
and PVP powders were used without further purification in our study. All of the solutions were prepared by the use
of ultrapure distilled water as a solvent. To achieve the optimized polymer blends, 7-8% w/v aqueous PVA solutions
were prepared by fully dissolving PVA powder in ultra-pure deionized water at 80 °C under magnetic stirring for 4 h.
The PVA solutions were cooled to room temperature. In the case of PVP, 20% w/v of aqueous PVP solutions was
prepared at room temperature. Pure PVP is readily soluble in water at room temperature because of its hydrophilic
nature. PVA solution was mixed with 20% w/v aqueous PVP solution under stirring for 12 h at room temperature to
obtaine blending of polymer solution. Homogeneously blended PVA: PVP solutions with weight ratios of 90:10
were prepared. PVA-boron carbide, PVA-PVP-boron carbide solutions were also prepared adding 1% (w/v)
aqueous PVA and PVA-PVP solution under stirring for 12 h at room temperature (Fig. 1).
For the nanofiber spinning, it was used well-known electrospinning device consisting of high voltage DC power
supply (0-22 kV), feeding unit and syringe. Polymer solution was fed to the syringe and high voltage was applied.
The produced electrospun nanofibers were collected onto aluminum foil. The collector was connected to the power
supply as an electrode with opposite polarity. The spinning parameters were that voltage was 22-24 kV, feeding
ratio was 1.00- 1.6 mL/h and the distance between the syringe and collector was 15-18 cm. Three sets of
nanofibrous membranes were prepared, viz., (i) 100% (8% w/v) PVA solution (ii) PVA: PVP blend ratio of 90:10,
respectively (Table 1-2).

Fig. 1. Schematic illustiration of solution preparation
III. Analysis
Fiber formation of the electrospun electrospun fibers were examined by scanning electron microscope (SEM)
(Philips XL-30S FEG) (Oregon, USA) with an accelerating voltage of 4 kV and a current of 10 µA at a high
magnification power. The Perkin Elmer Spectrum BX of Fourier Transform Infrared Spectrophotometer was used to
investigate the characterictic absorption bands of the membranes. The spectroscopic analysis of electrospun
membrane samples were examined by KBr technique at 4 cm −1 resolution number with 2 cm −1 interval and 16 scan
numbers. The same amount of membrane samples was cut into small pieces, and mixed in KBr to prepare KBr
disk. The scanning range was between 4000 and 400 cm −1 during FT-IR analysis. The fiber diameters were
2
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measured using the image processing software, ImageJ (Image Pro-Express, Version 5.0.1.26, Media Cybernetics
Inc.), which is a public domain Java image processing program.
IV. Results and discussions
PVA based nanofibers spun at various conditions, effect of feeding, PVA concentration, need to collector distance
and PVA/PVP ratio, respectively. Fiber diameters and its morphology are highly dependent on the above
parameters and measured from 200 nm up to micrometer scales.
Effect of feeding rate
As shown in Figure 2, two feeding rate was selected (1.2 and 1.6 mL/h) and compared by its fiber structure
morphology. Under constant PVA concentration (%7), 24.2 kV electrical field applied and 16 cm needle to colletor
distance; fibers have adhesive behavior and form as a bead structures. As the feeding rate of PVA solution
increases, the fiber diameter increases. For instance, both feeding rate (1.2 and 1.6 mL/h) formed nanofibers have
477nm and 656nm average fiber diameter, respectively.

Fig. 2. SEM images of nanofibres spun at different feeding rate values (A: 1.2 mL/h, B: 1.6 mL/h)
PVA Concentration
It is well known that at higher molecular weight and concentration is required to form stable and continuous
nanofibers through electrospining techniques. With the solution concentration increased, the density of the beads
in fibers decreased and disappeared, as well as increased the fiber diameter. At constant voltage (24.2kV, 1.6
feeding rate and 16cm needle to collector distance), increasing only %1 of PVA (7% to 8%) concentration changes
average fiber diameters from 301 nm to 668nm and shown in Figure 3, respectively.
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Fig. 3. SEM images of nanofibres spun at different polymer concentration (PVA) (A: 7%, B: 8%)
Needle to collector distance
Needle to collector distance is another parameter to tune fiber diameters in electrospining techniques. At two
different needle to collector distance conditions (15cm to 18cm), average fiber diameter is also increases as the
needle to collector distance increases. It is clearly seen that the average fiber diameter has drastically changed
(from 360 nm to 920nm) when the needle to collector distance increases, which is shown in Figure 4.

Fig. 4. SEM images of nanofibres spun at different needle-to-collector distance (PVA) (A: 15 cm, B: 18 cm)
PVA and PVP concentration
To get functional fiber formation, PVP is a good candidate polymer for PVA since it easily cross-linked and form a
stable polymer concentration. At 20% PVP concentration, increasing PVA concentration from 7% to 8% the
average fiber diameter (~550nm) is relatively close together. It is also observed that no bead formation happened
and get ultrathin fibers, shown in Fig 5. Unfortunately, in the study, it was not able to get nanofibres from
PVA/PVP/boron carbide particules. The reason might be interaction between particules, chemical structure and the
amount of boron carbide particules. Also another reason might be the production parameters such as PVA
molecular weight, preparation process (stirring time etc.) and PVA/PVP concentration. Therefore, it is planning to
realize detailed experiments to understand the real reason and to success to get the nanofibres from
PVA/PVP/boron carbide particules.
4
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Fig. 5. SEM images of nanofibres spun at different PVA and PVP concentration (A: 7%, B: 8%)
Addition of boron carbide particles into PVA/PVP concentration
Even though an addition of 1% wt. of boron carbide powder (B4C) into PVA (7% and 8%), 7%PVA/20%PVP (90:10)
and 8%PVA/20%PVP(90:10) prepared concentration, there was no observation of fiber formation. The presence of
B4C causes to decrease the solution’s viscosity and increase the conductivity of the electrospun solution. Due to
micron scale particle size of B4C, no nanofiber formation has been observed.
FT-IR Evaluation
Figure 6 and 7 show that the evolution of the characteristic absorption bands of PVA and PVP in the hybrid
nanofibrous membranes. Since these two polymers possess some common functional groups, the group regions
of IR spectra partially overlap which result in overlapping of bands in the blends. FT-IR spectra of PVA polymer
powder membranes clearly reveal the major peaks associated with PVA. The broad C–H alkyl stretching band
(wave number, ν= 2918-2940 cm-1) and the strong hydroxyl bands typical of free alcohol (–OH stretching band at ν
= 3420-3391 cm-1) are observed in both the spectra. The characteristic hump at 3420 cm-1 (O-H stretching) of PVA
diminishes in intensity with PVP incorporation. This indicates that PVP gets cross-linked with the hydroxyl group of
PVA.

Fig. 6. FTIR absorption bands of PVA nanofibrous membranes
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V. Conclusions

Fig. 7. FTIR absorption bands of PVA/PVP nanofibrous membranes

In this study, PVA based functional fibers were grown on the membranes at different conditions; feeding rate, PVA
concentration, needle to collector distance, PVA-PVP concentration and addition of B4C into PVA/PVP
concentration. Average fiber diameter is relied on these parameters and changed its morphology and structure as
well. In future work, B4C concentration will be optimized to get more appropriate solution by decreasing the amount
of boron carbide up to %0.1 wt and/or functionalizing ceramic particles with silane coupling agents.
It is ought to be well dispersed by using ultrasonic homogenizator since agglomeration could be observed during
sonication or electric field applied. Therefore B4C particles cannot pass through needle to the collector. Finally,
increasing the polymer concentration (changing molecular weight) increases fiber diameters as well as increase of
the diameter distribution.
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Abstract
In this study, it was aimed to develop the elasticity, while keeping residual extension value of the woven fabrics at a
certain level and prevent growth, by using special elastomeric agents which are based silicone raw material. With
this aim, different elastomeric silicon-based chemicals were used at different concentrations for woven fabrics by
different technological properties. In the scope of this study, the woven fabrics were weaved with the weft yarns
involved elastane fibre having different linear density, different weft density and pattern constructions. It was
examined the effect of elastomeric silicone depending on the technological properties of the woven fabric on the
elasticity and residual extension (growth) of the fabrics. The elasticity %, residual extension % were tested to
observe the effects of the elastomeric silicon-based chemicals on the fabrics performance.
Keywords: Silicone, coating, elasticity, residual extension, concentration

I. Introduction
The woven fabrics are used for many clothes such as pants, shirts, dresses, suits, jackets etc. The woven fabrics
have better strength, appearance and fashion properties than their knitted counterparts. However, they do not
physically fit to human body because of their low stretch properties (Kaynak 2017).On the other hand, the
elastomeric fiber can be made from natural or synthetic polymeric materials that provide a product with high
elongation, low modulus and good recovery from stretching (Mourad et al. 2012). In recent years, the demand on
the fabric containing elastane fiber have risen up thanks to making comfort control, easier movement in the
shapewear, increasing fitting properties and gaining better appearance (Babaarslan et al. 2007). Although there are
many experimental studies on the physical properties of cotton/ elastane fabrics, the fabric containing different rates
of elastane yarns, there has no research into effects of the elastomeric silicone based chemicals and their different
concentrations onto physical and stretch properties such as tensile strength, tearing strength, air permeability, fabric
growth, permanent stretch, % fabric stretch of woven fabrics containing different amounts of elastane(Mourad et al.
2012; Gurarda 2008; Ogulata et al. 2006; Gorjanc & Bukošek 2008; El-Ghezal et al. 2009). In this experiment, it
was investigated not only the effects of elastomeric silicone-based chemicals and their different concentrations onto
woven fabric elasticity % and residual extension % but also weft density, fabric construction and elastane ratios in
the weft yarn.
II. Material and Method
Material
In the study, the bleached and dyed 100% cotton woven fabrics, which had different weft density, weawing
construction, elastane amount in the weft yarn, were used and their parameters were seen Table 1.
Tab.1: Fabric parameters in the experiment
Weft density (1/cm)

Weaving construction

Linear density of the elastane in the weft yarn

24

2/1 S Twill

0 dtex

28

3/1 S Twill

44 dtex

-

-

78 dtex

-

-

117 dtex

1
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Various silicone-based chemicals and their different concentrations were employed onto weaved fabrics
manufactured above for determinating effects these chemicals on the fabric elasticity and residual extension values.
The silicone-based chemicals and their concentrations were given in Table 2.
Tab.2: Silicone-based chemicals and their concentrations
Silicone-based chemical

Used concentration (g/l)

Aristan 65 (CHT)-A

0

Prosil ELAS (Prochem)-B

40

Baysil ES 850 (Bayerteks)-C

60

Marla Soft EAR (Marlateks)-D

80

Rucofin ELS (Rudolf)-E

100

Tubingal ACE-T (20gr/lt) + Tubingal SLC (20gr/lt) -F

-

Method
The silicone-based chemicals having different concentrations were impregnated onto these fabrics having different
structural properties and impregnation conditions were seen in Table 3.
Tab.3: Impregnation conditions of silicone-based chemicals
Pick-up (%)

Cylinder
pressure (bar)

Cylinder speed
(m/min)

pH

Drying
temperature (℃)

Drying time
(seconds)

60-65

3

3

5.5

130

130

After impregnation process, the elasticity % and residual extension % were measured according to EN-ISO 147041 Determination of the elasticity of fabrics - Part 1: Strip tests, and these data were analyzed by using variance
analysis (one-way ANOVA) via statistical program to observe the effects of silicone-based chemical types and their
different concentrations on elasticity % and residual extension % of the fabrics.
III. Results and discussions
The changes of elasticity % of the woven fabrics having different weft density, fabric construction and linear density
of the elastane in the weft yarns were showed in Fig. 1. It was clearly seen that the elasticity % of the fabrics
increased with reducing weft density, rising linear density of the elastane in the weft yarns and reducing
interlacement of the warp and weft yarn in the fabric construction.

Fig.1: The effects of elastane content/weft density/fabric construction on elasticity % of the weft yarn direction
The selected silicone-based chemical at different concentrations, the elastane content of the weft yarn and the fabric
construction effects on the elasticity % of the weft yarn direction were given Fig.2. It was clearly seen that the
elasticity % increased with the rising concentration of silicone and the elastane content in the weft yarn. On the
examining fabric construction, it was showed that 3/1 S twill had better elasticity % than 2/1 S twill fabric construction
because of the reducing interlacement warp and weft yarn.
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Fig.2: The effects of elastane content/concentration/fabric construction on the elasticity % of weft yarn direction
The residual extension of the fabric on the weft yarn direction were improved by using silicone-based elastomeric
chemicals regardless of weft density, the chemical types and their different concentrations (Fig.3). Besides it was
said that the best residual extension % were gained by using the concentration at 60 g/l for all chemical types.

Fig.3: The effects of weft density/concentration/silicone type on residual extension % of weft yarn direction
Fig.4 showed that the changes of the residual extension % depending on elastane content in the weft yarn, the
types of elastomeric silicone and their different concentrations. Upon examining of these bar charts, it was observed
that residual extension % generally improved with the usage of silicone-based chemicals for the fabrics having 0,
44 and 78 dtex linear density in the weft yarns while the residual extension % of the fabric having 117 dtex linear
density in the weft yarns got worse.

Fig.4: The changes of the residual extension % depending on elastane content in the weft yarn, the types of
elastomeric silicone and their different concentrations
The effect of the type and concntration of silicone based chemical and the fabric construction on the elasticity % for
the fabric having 44 and 78 dtex linear density elastane in the weft yarn were given Fig.5 and Fig.6. These data
showed that elasticity % increased by using silicone-based chemicals and their progressive concentrations
regardless of chemical types. Besides, mentioned before, it was seen that the elasticity % of the fabric having 3/1
S twill weaving type had better than the elasticity % of the fabric having 2/1 S twill weaving type because of the
having less interlacement between warp and weft yarn in the 3/1 S twill fabrics.
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Fig.5: The effects of chemical type/concentration/fabric construction on elasticity % of weft yarn containing 44 dtex
elastane

Fig.6: The effects of chemical type/concentration/fabric construction on elasticity % of weft yarn containing 117 dtex
elastane
Elasticity % of the fabric on the warp yarn direction were examined depending on chemical types, concentrations
and linear density of the elastane in the weft yarn (Fig.7). The considering data, the elasticity % on the warp direction
got v with the usage of the silicone-based chemicals and their increasing concentrations. On the other hand, it was
seen that the effects of the silicone-based chemicals and their different concentrations on the elasticity % were
reduced as the linear density in the weft yarn rised up.

Fig.7: The effects of chemical type/concentration/yarn type on elasticity % of warp yarn direction
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Fig.8 showed that the improved residual extension % of the warp yarn direction with the usage of silicone-based
chemicals and their different concentrations regardless of linear density of the elastane in the weft yarn.

Fig.8: The effects of yarn type/concentration/ on residual extension % of warp yarn direction
Elasticity % and residual extension % of the fabrics treated with the elastomeric silicone-based chemical (A, B, C,
D, E) in comparison with the fabric treated chemical F (Fig.9), which is not elastomeric silicone-based chemical, it
was observed that chemical F not only increase the elasticity % but also residual extension %. The usage of the
chemical F had a disadvantage because of increasing the residual extension % of the fabrics. In terms of improving
elasticity % and residual extension %, the elastomeric silicone-based chemicals were considered as alternative
finishing agents to chemical F.
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Fig.9: compare of the elasticity and residual extension % of the fabrics treated with elastomeric silicone-based
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IV. Conclusions
The fabrics having different weaving construction, the weft density and linear density in the weft yarn were
successfully treated by different silicone-based chemicals at different concentrations. These treated fabrics were
tested to analyze effects of the silicone-based chemicals at different concentrations onto fabric elasticity and residual
extension values. The statistical analyses of data from these treated fabrics, it was seen that silicone-based
chemicals increased elasticity % of the fabrics and decreased the residual extension %. These analyses showed
that these improved residual extension % not only was independent elastane amount but also weft density.
Moreover, while the conventional silicone-based application increased the elasticity, the residual extansion values
didn’t reduce like the elastomeric silicone-based chemicals. The chemical type and concentrations of silicone-based
chemicals are important for the elasticity and residual extension values. As a result, it was clearly seen that the
parameters such as weft density, fabric construction, linear density in the weft yarn, silicone-based chemicals and
their different concentration affected the elasticity % and residual extension %.
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Abstract
Nanofiber based membranes have received great attention due to their characteristics including high specific surface area, small
pore sizes and high porosity. These membranes have found applications in many different areas such as biomedical, energy,
filtration and protective clothing. Considering the wide range of applications, it is important to determine the effect of solution
properties on the final properties of these membranes. In this study, effect of different solvent systems on the physical properties
of electrospun nylon based nanofiber membranes are studied. Significant difference in morphology and physical properties are
observed owing to different properties of solvent systems.
Keywords:

Nylon 6, electrospinning, nanofibers

I. Introduction
Nanofibers have been attractive materials for many applications due to the unique characteristics of these nanosized fibers including high surface area to volume ratio, high porosity, small pore sizes and excellent pore
interconnectivity. Electrospinning is the most commonly used technique to fabricate nanofibers and this technique
relies on application of electrostatic field to the polymer solution. When a high electrostatic field is applied, charges
accumulate on polymer solution. When critical electrostatic field strength is reached, Coulombic forces cause
solution to be ejected from the tip of the needle in form of charged jet. Charged jet travels through the collector,
bending instability occurs, jet stretches and finally reaches the collector in nanofiber form (Choktaweesap,
Arayanarakul et al. 2007).
Nylon 6 has been used in many applications owing to the fact that it is a biodegradable, biocompatible and synthetic
polymeric material, which has good mechanical and physical properties (Nirmala, Panth et al. 2010). Performance
of nylon 6 nanofiber membranes is affected by the morphology of the electrospun nanofibers (Cho, Zhmayev et al.
2011).The morphology of the nanofibers is influenced by many factors: viscoelastic force depends on solution
concentration, molecular weight average of the polymer, and viscosity of the solution; surface tension, which
depends on solution concentration, molecular weight average of the polymer and surface tension of the solvent;
gravitational force, which is dependent on solution density; and electrostatic force, which depends on the applied
electrostatic force and conductivity of the solution (Wannatong, Sirivat et al. 2004)
The effect of process parameters has been reported for different systems in previous studies (Bhardwaj and Kundu
2010, Haider, Haider et al. 2015). An increase in the applied voltage leads to the formation of beads or beaded
nanofibers. The increased diameter and formation of beads or beaded nanofibers with an increased applied voltage
are attributed to the decrease in the size of the Taylor cone and increase in the jet velocity for the same flow rate. It
has been reported that increase in the flow rate beyond a critical value not only leads to increase in the pore size
and fiber diameter but also to bead formation due to incomplete drying of the nanofiber jet during the flight between
the needle tip and collector. Many studies reported that large-diameter nanofibers are observed when tip to
collector distance is kept small, and the diameter of the nanofiber decreases as the distance is increased (Haider,
Haider et al. 2015). Increased solution concentration results in increased viscosity due to enhanced chain
entanglements. At low viscosity, low viscoelastic force is not sufficient to encounter the stretching forces from both
of the electrostatic and Coulombic repulsion forces. Overstretching results in breaking of jets and bead formation.
At high viscosity, viscoelastic forces encounter stretching forces and prevent bead formation (Haider, Haider et al.
2015).
Solvent parameters are also crucial in terms of determining the morphology. Dipole moment, conductivity, boiling
point were reported as important parameters to determine electrospinnability of the solution by Jarusuwannapoom
et al (Jarusuwannapoom, Hongrojjanawiwat et al. 2005). For example, increased solvent conductivity leads to
increase in nanofiber diameters. Increased conductivity results in increased electrostatic forces which causes less
bending instability, less stretching and so larger diameters. Increased electrostatic force also leads to larger mass
throughput (Tungprapa, Puangparn et al. 2007). Although increased conductivity results in less stretching and faster
travel to the collector, in some systems increase in conductivity leads to increased Coulombic stretching force and
decrease in fiber diameters (Tungprapa, Puangparn et al. 2007). It has been also reported that lower conductivity
of the solution leads to reduction in Coulombic forces and increase in fiber diameters. Increase in solution
conductivity or charge density result in the production of thinner and more uniform fibers with fewer defects
(Casasola, Thomas et al. 2014). Bazbouz et al (Bazbouz and Stylios 2008) also studied the effect of process and
solution parameters on the morphology of nylon 6 nanofibers. They observed that average fiber diameters
decreased with decreasing polymer concentration. Increasing voltage increased the electrostatic force and led to
thinner fibers, but it also increased mass coming out of the tip which may result in larger fiber diameters (Bazbouz
1
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and Stylios 2008).
The solvent should have a moderate boiling point, which influence volatility of a solvent. High boiling points prevent
solvent evaporation and solvent-containing nanofibers on the collector may cause the formation of beaded
nanofibers (Haider, Haider et al. 2015). Decreased fiber diameters with increasing boiling point of the solvent was
reported (Choktaweesap, Arayanarakul et al. 2007). Solvents with higher boiling point evaporate slower from the
ejected charged jet and leads to the stretching of the jet to a much lower diameter (Casasola, Thomas et al. 2014).
The dielectric constant of the solvent is related to the dipole moment and, generally, reflects the polarity of the
molecules. Tamer et al (Uyar and Besenbacher 2008) investigated the effect of solvent conductivity on the properties
of polystyrene fibers. They observed that solution conductivity is a very critical parameter that affect the morphology.
At the same concentration, thinner fibers were observed when the solution conductivity increased. Repulsion of the
charges on polymer solution leads to stretching of jets and high solution conductivity leads to more charges which
results in uniform and thinner fiber formation (Uyar and Besenbacher 2008).
In this study, formic acid and trifluoroethyl alcohol were used to dissolve nylon 6 and the effect of solvent system on
the thermal properties of nylon 6 nanofibers are reported.
II. Experimental Set-up and Procedure
Nylon 6, formic acid and trifluoroethyl alcohol were purchased from Aldrich. All chemicals were used as received
without further purification. Nylon 6, 13%, were dissolved in trifluoroethyl alcohol /formic acid with the ratios of 100/0,
75/25, 50/50, 25/75 and 0/100 (vol/vol). The solutions were stirred at room temperature for 6 hours to ensure
dissolution of the polymer. During electrospinning, a high voltage of 20 kV was used. The feeding rate was 1 ml/h
and the tip-to-collector-distance was 11 cm.
III. Analysis
Differential scanning calorimetry was used to investigate thermal properties of the membranes. The characteristic
functional groups of the membranes were analyzed using a Fourier Transform Infrared Spectroscopy.
IV. Results and discussions
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Fig. 1: FTIR spectra of nylon 6 nanofibers

FTIR spectroscopy was used to investigate the functional groups of nylon 6 nanofibers produced by using TFE/FA
with the ratios of 100/0, 75/25, 50/50, 25/75 and 0/100. Figure 1 shows FTIR spectra of nylon 6 nanofibers. N1, N2,
N3, N4 and N5 stand for nylon 6 nanofibers prepared by TFE/FA with the ratios of 100/0, 75/25, 50/50, 25/75 and
0/100, respectively. Hydrogen-bonded NH stretching was seen at 3300 cm -1, Amide I (C=O) and Amide II (N-H
bend/C-N stretch ) were seen at 1645 and 1544 cm-1, respectively (Oldham, Gong et al. 2011, Pant, Bajgai et al.
2011).
The changes in crystallinity of nylon 6 nanofibers upon thermal treatment were investigated by DSC at a heating
rate of 10 ◦C/min, and the results are shown in Fig. 2 and 3.The crystallization temperatures of the nylon 6
electrospun nanofibers were seen at ∼192 ◦C, as shown in Fig. 2. Nylon 6 nanofibers showed a single melting peak
almost at about 220 ◦C. No difference in melting peaks was observed due to the using different solvent systems.
Maleki et al (Maleki, Gharehaghaji et al. 2013) studied different solvents, chloroform (CHCl3), dichloromethane
(CH2Cl2) and 2,2,2-trifluoroethanol (TFE), to dissolve PLLA and investigated the effect of solvent type on the physical
properties of poly(L-lactide) PLLA nanofibers. They also reported no significant change on melting points by using
2

400

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

different solvent type even if the diameters were different (Maleki, Gharehaghaji et al. 2013).

Fig. 2 DSC thermograms of electrospun nylon6 nanofibers, endo up

V. Conclusions
Nylon 6 was dissolved in solvent systems of trifluoroethyl alcohol /formic acid with the ratios of 100/0, 75/25, 50/50,
25/75 and 0/100 (vol/vol). Experimental results showed that different solvent systems have no significant effect on
the thermal properties of obtained nylon 6 nanofibers.
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Abstract
Technical textiles take an important place in textile and apparel sector. In technical textiles, ultrasonic seaming method besides
conventional seaming methods is one of the alternative methods used in seaming processes of functional textiles. In this study,
the effects of ultrasonic seaming method in which needle and thread usage is not needed on waterproofing property of PU
coated fabrics in comparison with conventional seaming methods were investigated. Sewn fabrics obtained with different
seaming parameters were exposed to washing process and the waterproofing properties of these fabrics were tested
considering before and after washing processes.The results evaluated in terms of seam type, fabric type, ultrasonic seaming
velocity and washing process were statistically analyzed. According to the test results, waterproofing properties of ultrasonically
sewn fabrics are higher than that of conventionally sewn fabrics. The difference between waterproofing values of ultrasonically
and conventionally sewn fabrics are found to be statistically significant. It is determined that waterproofing property of the
fabrics are in relation with the other parameters.
Keywords: Ultrasonic seam, water permeability, coated fabric

I. Introduction
Apparel industry has a great importance on obtaining different products used in textile sector. Various seaming
methods are used in conversion of different fabrics into final product. However, seaming process of some types of
textile products which requires functional specifications is in need of alternative seaming methods besides
conventional seaming methods. One of these alternative methods is ultrasonic seaming which has taken attention
from researchers in recent years.
Ultrasonic seaming method is not only an energy saving method, but also it can perform sewing process without
the need for the materials such as needle and thread that have been used in the conventional seaming methods.
Holes occurring because of the needle usage in conventional seaming can be determined as an undesirable result
which is considered as disadvantage in a waterproof garment. Therefore the importance of ultrasonic seaming
method in which no needle and thread are needed can be comprehensively recognized. By using ultrasonic
seaming method, it can be possible to obtain seams with high waterproofing properties. Also recycling of fabrics
seamed with ultrasonic seaming method is easier. Ultrasonic seaming is used in a wide range of industries such as
technical textiles, medical, filtration and automotive (Boz and Erdoğan, 2011; Porav, 2013).
The waterproofing property of the ultrasonic seaming method is rarely studied in literature. Shi et al. (2016)
compared ultrasonic seaming method and conventional seaming method in their study in which they investigated
various properties of ultrasonic seaming by using woven fabrics. According to the results of the study,
waterproofing property of ultrasonic seam is found to be higher than that of conventional seam. Eryürük et al.
(2017) studied ultrasonic seaming method in comparison with conventional seaming method on nonwoven surgical
gowns and they reported that there is no water penetration in the surgical gowns sewn by using ultrasonic seaming
method. On the other hand they observed water penetration in the surgical gowns sewn by using conventional
seaming method due to the needle holes in the fabric and this situation which can be considered as hazardous for
health. Jevšnik et al. (2017) studied the properties including waterproofing property of ultrasonic seaming method
and conventional seaming method on the fabrics used in inner faces of sport shoes. When waterproofing property
is taken in hand, it is observed that ultrasonic seam damaged the structure and demonstrated no waterproofing.
Studies investigating the tensile properties of ultrasonic seaming are frequently available in literature in recent
years and in general it is stated that seam strength of ultrasonic seaming is lower than the conventional seaming
(Appleby, 2009; Ghosh and Reddy, 2009; Boles, 2012; Eryürük et al., 2017). Also there is a study stating that seam
strength of ultrasonic seam is higher than that of conventional seam (Boz and Erdoğan, 2011). Hence, when
determining intended usage areas, it should be taken into account that waterproofing properties of these
ultrasonically sewn fabrics can be advantageous with satisfying strength values considering the appropriate
products.
Our study aims to compare ultrasonic seaming method and conventional seaming method in terms of water
permeability by using woven fabrics coated with polyurethane membrane which are used as blouson. Nine types of
sewn fabrics were gained by changing the production speed of ultrasonic seam. Water permeability property of the
sewn fabrics was compared in terms of seam type, fabric type, ultrasonic seaming velocity and washing process.
1
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II. Experimental Set-up and Procedure
In our study, woven fabrics coated with polyurethane membrane were used to compare water permeability property.
The fabrics were sewn with ultrasonic seam and conventional seam by using different parameters. The properties
of fabrics and the seam parameters are characterized in Table 1.
Tab. 1. Properties of the fabrics and seam parameters.
Fabric
code

Weaving
structure

F1
F1
F2
F2
F3
F3
F1
F2
F3

Plain
Plain
Plain
Plain
Twill
Twill
Plain
Plain
Twill

Weight in
grams
(g/m²)
105
105
170
170
170
170
105
170
170

Thickness
(mm)

Raw
material

0.366
0.366
0.432
0.432
0.540
0.540
0.366
0.432
0.540

Polyester
Polyester
Polyester
Polyester
Polyester
Polyester
Polyester
Polyester
Polyester

Sewn
fabric
code
F1v1
F1v2
F2v1
F2v2
F3v1
F3v2
F1L
F2L
F3L

Seam type

Velocity code

Ultrasonic seam
Ultrasonic seam
Ultrasonic seam
Ultrasonic seam
Ultrasonic seam
Ultrasonic seam
Conventional seam
Conventional seam
Conventional seam

v1
v2
v1
v2
v1
v2
Lock stitch
Lock stitch
Lock stitch

Fabric samples were prepared according to the test standard along the warp directions. Ultrasonic seam process
was applied by using Pfaff 8310 ultrasonic sewing machine. Amplitude of the machine was 100% during the
sewing process. Two different speeds were performed as 25 dm/min (v1) and 45 dm/min (v2). A roller was used that
has 8 mm width (Figure 1). Conventional seam process was performed to woven fabrics by using Brother
S-7200C-403 electronic lock stitch sewing machine. Stitch length was 2.6 stitches/cm.

Fig. 1. The roller used in the study.

All of the sewn fabrics were washed at 30°C with synthetic washing programme without prewashing according to
TS EN ISO 6330:2012 test standard. 4 g/l ECE non-phosphate reference detergent without optical brightening
agent was used for washing processes. Washing process was repeated for five times.
III. Analysis
Waterproofing property can be defined as the ability of the fabric to protect from water and rain (Bulut and Sülar,
2008). This property can be tested either by laboratory tests or by wear trials (Bulut and Sülar, 2008). In this study,
waterproofing property of the sewn fabrics were evaluated through laboratory test analyses. Five samples were
prepared from each sewn fabric. The samples were conditioned for 24 hours in standard atmospheric conditions
(temperature 20±2 oC and relative humidity 65±2%) before testing. The water permeability tests were performed to
fabrics before and after washing processes with Prowhite Hydrostatic Head Tester according to TS 257 EN
20811:1996. As the waterproofing of the fabric increases, the hydrostatic pressure also increases in the water
permeability test and thus higher waterproofing values are obtained. Test results were evaluated considering fabric
type, seam type, ultrasonic seaming velocity and washing process. To evaluate the importance of test results,
SPSS 13.0 programme was used with the analysis of variance (ANOVA). In this way the effects of fabric type,
seam type, ultrasonic seaming velocity and washing process on waterproofing property were analyzed.
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IV. Results and Discussions
Water permeability test results of the ultrasonically and conventionally sewn fabrics before and after washing
processes were given in Table 2 and Table 3, respectively.
Tab. 2. Water permeability test results of ultrasonically sewn fabrics before and after washing processes (cm wg).
Before washing

Fabric
code

V1
59
131
96

F1
F2
F3

After washing

V2
56
96
84

V1
24
17
23

V2
5
7
15

Tab. 3. Water permeability test results of conventionally sewn fabrics before and after washing processes (cm wg).
Conventional seam
Before washing After washing
13
6
15
8
15
6

Fabric
code
F1
F2
F3

When Table 2 and Table 3 are examined; test results demonstrated that waterproofing values of the fabrics sewn
with ultrasonic seam are higher than that of conventional seam. In Figure 2, water permeability test results of
ultrasonically and conventionally sewn fabrics are presented together before and after washing processes. In
ultrasonic seam, no holes are occurred during the seaming process and this case declares that waterproofing
property of the fabrics sewn using this method is higher than that of conventionally sewn ones. In ultrasonic seam
process, these values decreased with the increase of seaming velocity. It is expected because at lower velocities,
fabric layers weld much better due to much more ultrasonic energy exposure and by this way waterproofing
property of the fabric improves. In addition, waterproofing values decreased after washing processes for both
ultrasonic and conventional seams. This can be result from the damage that the washing process causes in
ultrasonic seam. In conventional seam, coating of the fabric around the stitch areas might be damaged during
washing processes. Therefore waterproofing values may decrease after washing processes for both methods.
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Fig. 2. Water permeability test results of ultrasonically and conventionally sewn fabrics before and after washing processes.

It is clear from the results that the lowest waterproofing values were observed in the fabric with the lowest weight in
grams before washing process. This can be related to the lower weight in grams and lower thickness values of the
fabric. On the other hand, waterproofing values are higher in plain structure than in twill structure at equivalent
weight in grams before washing process in ultrasonic seam. The difference between plain and twill structure
considering the values of ultrasonically sewn samples before washing process is found statistically significant
(Sig.<0,05). This result in a close relation with the number of intersection points for warp and weft yarns in plain
woven fabrics which are higher than that of in twill structure. But no generalization can be made for the results after
washing process in terms of fabric type. Examining Table 4 for statistical analysis of fabric difference considering
the all values for both ultrasonic and conventional seam types before and after washing processes, the differences
of waterproofing values between fabrics are statistically insignificant.
3
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Tab. 4. The effects of fabric type on water permeability test results (Post Hoc).
Fabric type

N

F1
F3
F2
Sig.

28
28
27

Subset
1
26,1071
36,0000
49,6296
,070

Tab. 5. The analysis of variance table for water permeability test results of the sewn fabrics.
Factor

F

Significance

Washing process

50,275

,000*

Seam type

27,578

,000*

Fabric type

2,526

,086

Seaming velocity
,990
*: Statistically significant for α =0.05

,324

The effects of washing process, seam type are found statistically significant on water permeability as seen in Table
5. On the other hand, the effects of fabric type and seaming velocity are found statistically insignificant on water
permeability (Table 5).
V. Conclusion
In this study, ultrasonic and conventional seaming were performed to polyester woven fabrics coated with
polyurethane membrane which are used as blouson. The effect of ultrasonic seaming parameters and fabric
structure on water permeability were investigated before and after washing processes. The following states can be
concluded throughout this study:


Our study demonstrated that waterproofing values of the ultrasonic seam are higher than the conventional
seam before and after washing processes. The difference between waterproofing performances of
ultrasonic seaming method and conventional seaming method are found to be statistically significant.



In ultrasonically seamed samples, waterproofing values decreased with the increase of seaming velocity.
When the values are statistically investigated, difference between them can be stated as insignificant.



Besides, among all of the fabrics the lowest waterproofing value before and after washing processes is
obtained from the lightest fabric coded F1. For ultrasonic seaming method, higher waterproofing values in
plain woven fabric than that of twill structure are observed at the equilavent weight in grams before
washing (F2>F3) and this result is found statistically significant (Sig.<0,05). But the difference between the
fabrics considering the all values for both ultrasonic and conventional seam types before and after washing
processes are found statistically insignificant.



In addition, after washing process waterproofing values decreased for all types of fabrics sewn by both of
the methods. Moreover, the difference between waterproofing values before and after washing processes
has statistical significance.

Ultrasonic seaming takes place in various sectors as an advantageous seaming method in terms of both ease of
use, fast seaming process, not needing production materials such as needle or thread and waterproofing property.
From an aspect of suitable end uses for ultrasonic seaming method, it is thought that the ultrasonic seaming
method may find more uses where waterproofing property is needed either by the enhancement of physical
properties of seams by changing parameters or where the high physical performances are not expected from the
product.
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Abstract
Dry air filtration is an important process that helps the purification of air from any particulates to provide clean and healthy
atmospheres in various areas needed. Polypropylene (PP) spunbond nonwovens are commonly preferred in filtration
applications due to their good mechanical and physical properties. Nanofibers are potential candidates for filtration applications
due to their unique properties such as low fiber diameters, high porosities, low pore sizes. In this study, we have studied
Polyamide 6 (PA 6) nanofibers coated PP spunbond nonwoven media. 15 and 30 minutes of electrospinning durations were
chosen for thin and thick nanofiber coatings on PP spunbond nonwovens. Thickness and air permeability values of nanofibers
coated PP spunbond nonwovens and uncoated PP spunbond nonwovens were measured and evaluated. The results show that
uncoated nonwovens have very high air permeability values when compared to PA 6 nanofibers coated ones. Nanofiber coating
process did not cause a significant change in nonwoven thickness.
Keywords: Filtration, nonwovens, air permeability, nanofibers.

I. Introduction
Today, filtration is needed not only for a healthy environment but also for producing the reliable and clean products.
Filtration is the process of separating one material from another (Adanur, 2017). Dry air filtration is an important
process that helps the purification of air from any particules. Polyester and polypropylene (PP) fibers are widely
used in dry air filtration. In addition to these fibers; nylon, acrylic, aramids, polytetrafluoroethylene and glass fibers
are preferred in air filtration. Higher acid and alkali resistance, abrasion resistance and low cost of polypropylene
fibers have great importance in widespread use of this fibers in filtration fabrics (Adanur, 1995, Gregor, 2017).
Monofilament and multiflament woven fabrics, nonwovens, and knitted structures are employed as filter materials
(Gregor, 2017, Shah & Rawal, 2016). Nonwoven media are widely used in filtration applications due to their
efficient structures in terms of holding any particulate in the fluid media. Polypropylene (PP) spunbond nonwovens
are commonly preferred in filtration applications due to their good mechanical and physical properties such as high
tensile strength, lightness, and low pore sizes. The performance of filter can be strongly affected by structural
parameters such as fibre diameter, surface area, porosity, surface structure, fabric thickness and density (Duran et
al., 2013). The air permeability, pressure drop, filtration efficiency and environmental resistance are the other
properties of filtration textiles.
One of the inovative technology in filtration media is nanotechnology-based materials (Gregor, 2017, Kadam et al.,
2016). Nanofibers that are in the class of one-dimensional nanomaterials have very small diameters, large surface
areas, and small pore sizes. Nanofibers have high molecular orientation and have very good mechanical properties
due to less structural defect. Since nanofibers have submicron diameters, the surface / volume and surface / mass
ratio of the nanofibers are high. Nanofibers are used in nonwovens and some technical applications to improve
fabric performance properties. Electrospinning, fibrillation, melt blowing and bicomponent fiber production
techniques are used in production of nanofibers. The most reliable method among these techniques is
electrospinning which is simple and low cost. Nanofibers can be made from the solution or melt of a large number
of polymers (Doğan, 2012). Nonwoven surfaces used in filtration can be easily produced by electrospinning
technique (Tetik et al., 2017). In recent years, nanofiber coated spunbond nonwoven media has become one of
contemporary issues.
Graham et al. discussed about nanofibers production, their limits and benefits, efficiency of filtration by using
nanofibrous media. They claimed that in laboratory tests, nanofiber filter media showed better filter life and also
capturing more contamination capacity. According to their review of researches, specially for submicron
contaminants, it can be possible to get higher filtration efficiency by nanofibers without a significant raise in filter
pressure drop (Graham et al., 2002). Park and Park explored the filtration properties of electrospun ultrafine fiber
webs according to electrospinning parameters such as applied voltage and rotation speed of a drum type collector.
They stated that when they increased the applied voltage and collector speed, fiber diameter and also the mean
pore size of the electrospun webs decreased, and pressure drop and aerosol collection efficiency of the filter were
increased. Also they claimed that filtration efficiency of nanofiber coated filters are much better than conventional
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ones (Park and Park, 2005). Podgórski et al. investigated the application of nanofibers for the improvement of
fibrous filters. They defined the most penetrating aerosol particle size between the range of 100 and 500 nm. They
developed a modified melt blown technology, by the way they could produce nanometer sized fiber filters. They
concluded that nanofibrous filters by melt blown technique can be preferable as economic tools for their most
penetrated aerosol particles property (Podgórski et al., 2006). Barhate and Ramakrishna studied on a nanofibrous
filtering medial, filtration problems and solutions. They stated that in recent investigations, it is possible to enhance
more filter efficiency especially for the most penetrated particle size in the range of 0.1 and 0.5 µm by using
nanofibrous filter media. Also they emphasized on the importance of surface area, pressure drop and filtration
efficiency properties of nanofibrous filtering media gains (Barhate and Ramakrishna, 2007). Heikkilä et al., studied
on electrospinning of polyamides (PA6, PA66, PA612, PA614, PA1012, and PA1014) with different chain
compositions for filtration application and they evaluated the electrospinnability and filtration efficiency by fiber
coating. They got best results from PA66 and secondly they got good results from PA612 and PA6 according to
electrospinnability, production rate, ﬁber diameter, and its distribution (Heikkilä et al., 2008). Wertz and Schneiders
discussed the advantages of nanofiber coating technology. They stated that nanofiber coating improved the
filtration performance of various forms of filter media. The application areas where it is important to keep
particulates and restrained in filter such as automative air intake, cabin air, nanofiber layer is applied to
downstream to provide the particle capture efficiency (Wertz and Schneiders, 2009). Cho et al. reported that for
smaller particle size filtration, thicker filtration nonwoven material can be used, but this cause to much more energy
cost due to increased pressure drop. So nanofibrous filter media can overcome this kind of drawbacks of
nonwoven filtration properties (Cho et al., 2013). Sundarrajan et al. studied about electrospun nanofibers for air
filtration applications, they stated that nowadays activated carbon and fiberglass and nanofiber technology has
gained an importance in air filtration. In air filtration, non-slip flow is the governing mechanism and owing to
submicron sized nanofibers, nanofibers can disturb the air flow by coating nanofiber layer on conventional
substrate according to slip flow mechanism (Sundarrajan et al., 2014).
II. Experimental Set-up and Procedure
Polypropylene (PP) spunbond nonwoven media having two different basis weights: 15 and 50 g/m 2 were used as
raw fabrics in this study. PP spunbond nonwoven media was kindly provided from a local company. Polyamide 6
(PA6) polymer that is an easily electrospinnable one and is preferable in filtration applications was chosen as
polymer for fabrication of nanofibers on these raw fabrics. The PA 6 polymer and formic acid, the solvent chosen
for the preparation of PA6 solution, were purchased from Sigma-Aldrich.
Electrospinning method was chosen for the fabrication of PA6 nanofibers. Gamma high voltage power supply and a
New Era Syringe pump were used for electrospinning. The distance between the collector and needle tip was set
to 20 cm. The collector was grounded. PA6 /FA polymer solution (at a concentration of 20% w/v) was prepared by a
magnetic stirrer and stirring overnight. After obtaining a homogenous spinning solution, optimum electrospinning
parameters were determined for this polymer. Scanning electron microscope images were taken for morphological
analysis by a LEO 1430 VP SEM at Afyon Kocatepe University. Average fiber diameters and diameter distributions
were identified by ImageJ visualization and measurement software. Then, PP nonwovens were coated by PA6
nanofibers. We have changed the duration of electrospinning since it determines the thickness of the nanofiber mat
collected on nonwovens. 15 and 30 minutes of electrospinning durations were chosen for thin and thick nanofiber
coatings on PP spunbond nonwovens, respectively. Samples were named according to the basis weights and
spinning durations as seen in Table 1.
Table 1. Sample names given according to basis weight and spinning durations

Basis weight

Uncoated

15 min espun

30 min espun

15

PP15

PP15-15

PP15-30

50

PP50

PP50-15

PP50-30

Thickness values of uncoated, 15 min and 30 min coated PP nonwovens were measured by Prowhite thickness
meter over a circular area of 20 cm 2 at 1 kPa. 5 measurements were taken for each nonwoven. Finally, air
permeability values of nonwovens were measured by Prowhite Airtest II on a sample holder of 20 cm 2 and at 100
Pa.
III. Results and discussions
Optimum electrospinning parameters for 20% w/v PA6 polymer solution was obtained as a feed rate of 4 µL/min
and a voltage of 20 kV after SEM analysis. The morphological structures shown in SEM images (Figure 1) prove
that obtained nanofibers are uniform and bead free. Average fiber diameters were measured as 258.35±72.82 nm
2
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by the help of software (Figure 2). It can be said that considerably fine PA6 nanofibers were achieved by these
spinning parameters. Then, electrospinning was performed during 15 min and 30 min on the PP15 and PP50
samples in order to enhance the permeability values.

(a)

(b)

(c)

Figure 1. SEM images of PA6 nanofibers at a magnification of (a) 1000 x, (b) 10000 x, and (c) 25000 x
50

Mean: 258.35±72.82

Frequency (%)

40

30

20

10

0
120-200

201-280

281-360

361-440

441-520

521-600

Nanofiber Diameter (nm)
Figure 2. Distributions of nanofiber diameters

The results of air permeability and thickness values of the samples are given in Figure 3 and 4, respectively. It is
clearly seen from the graph that uncoated samples have very high air permeability values when compared to
espun ones. This can be attributed to the low pore sizes of nanofiber mats. The air, which desires to pass towards
the opposite side of the coated samples, encounters with very fine fibers and very small pores that prevent it. The
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air permeabilities of the PP15-30 and PP50-30 are higher than the samples PP15-15 min and PP50-15 min,
respectively. This can be explained by the increase in the amount of nanofibers coated on raw nonwovens.
As seen from the results of thickness values, nanofiber coatings (15 min or 30 min) does not make any significant
change in the thickness of samples since the fibers are very fine. This demonstrates that the permeability values of
PP spunbond samples can be enhanced without any significant changes in their thickness values in lots of
applications.

Air Permeability (l/m2/s)

3000
2500
2000
1500
1000
500
0
uncoated

15 min

30 min

uncoated

PP15

15 min

30 min

PP50
Samples

Figure 3. Air permeability values of samples
0,5

Thickness (mm)

0,4
0,3
0,2
0,1
0
uncoated

15 min

30 min

uncoated

PP15

15 min

30 min

PP50
Samples

Figure 4. Thickness values of samples

IV. Conclusions
Recently air filtration gained importance depending on the air pollution in all over the world. In literature, studies
showed that nanofiber coated filters have better filtration properties when compared to the conventional filters. In
our study, thickness and air permeability values of nanofibers coated PP spunbond nonwovens and uncoated PP
spunbond nonwovens were measured and evaluated. It is figured out that a very short electrospinning duration
enhanced the air permeability values of the traditional PP spunbond nonwovens. But pressure drop is another
factor that should be determined in dry air filtration applications. Our further studies about this subject will focus on
the evaluation of pressure drops of these filters, other permeability values of these PP spunbond nonwovens such
as water vapor permeability, oxygen permeability, fine dust loading tests etc.
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Abstract
Zinc oxide is a photoactive material and has been used for variety of applicaitons including UV protection, photoinduced
antimicrobial applicaitons, energy production and biocatalisis. Embedding ZnO in nanofibers is hard because dissolving ZnO in
a solvent is challenge. Even though ZnO particals are suspended in an electrospinning polymer solution, it is challenge to
electrospun into nonwoven nanofibrous mat structure. So, a soluable zinc precursor zinc nitrate, Zn(NO3)2 has been dissolvend
in dimethylformamide/tetrahydrofuran (DMF/THF) mix with a appropriate concentration of polyvinyl chloride (PVC) and
electrospun into PVC/Zn(NO3)2 hybrit nanofiber structure. The aim of the study is to convert Zn(NO 3)2 to ZnO nanoparticles in
PVC nanofibers after a proper chemical and following heat treatment treatment process.
Keywords: Polyvinyl chloride, nanofibers, electrospinning, zinc nitrate, zinc oxide

I. Introduction
Zinc oxide (ZnO) has been produced via various ways and used for variety of differing puposes including protective
UV absorbtion (Kathirvelu et al. 2009), energy applicaitons (Kim et al. 2007) and photoactivated antimicrobial
purposes (Sharma et al. 2017). ZnO can be fabricaited from different zinc containing precursor materials such as
zinc acetate, zinc chloride and zinc nitrate. After preperation of the precursor, following a thermal treatmet helps to
convert the precursor to zinc oxide (Olaru et al. 2014; McBride et al. 2003).
Nanofibers are nanostructured materials with high aspect ratio and with high spesific surface are that make them to
enhance device performances when they are used in the device. Nanofibers are produced from different materials
including polymers, ceramics and metals, and used for very broad applications from energy to biomedical puposes
(Bhardwaj and Kundu 2010).(Bhardwaj & Kundu 2010; Lee et al. 2005; Wu et al. 2006). Zinc oxide has been
loaded into polymeric materials to diversify their optical properties (Anitha et al. 2013; Olaru et al. 2014). Polyvynile
chloride (PVC) is a polymeric material and can be dissolved in a proper solvent and followingly electrospun to
nanofiber structure (Chiscan et al. 2012; Bai et al. 2015).
In this study, PVC and zinc nitrate loaded PVC nanofibers as precursors for the production of ZnO loaded PVC
nanofibers have been fabricated. In this regards, pure PVC and variouse ratio of PVC/Zn(NO3)2 composite
nanofibers were produced. Morphological analyses were conducted by SEM microscope. The prepared nanofibers
will be the precursor of ZnO loaded PVC nanofibers.
II. Experimental Set-up and Procedure
Chemicals: Polyvinyl chloride (PVC), zinc nitrate (Zn(NO3)2), dimethylformamide (DMF) and tetrahydrofuran (THF)
were used as they recieved.
Electrospinning of Zn(NO3)2/PVC composite nanofibers: Schematic illustration of the electrospinning fabricaiton of
Zn(NO3)2/PVC nanofibers is demonstrated in Fig.1. First 50 wt. DMF/THF solution was prepared and then
appropriate amount of PVC was totally dissolved in DMF/THF via magnetic strirring in the labratory condition. Then,
zinc nitrate (Zn(NO3)2) was added to as prepared solutions and dissolved after getting a transparent solution. As
seen from Fig.1. previously prepared solution was filled into a plastic syringe which has a metal nozzled and then
subjected to electrospinning process by applying high voltage to needle while the solution flows from the needle.
Because of the applied voltage soltion droplets are ejected from the needle to grounded collector and nanofibrous
mat structeres were obtained.
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Fig. 1: Schematic illustration of the fabricaiton of Zn(NO3)2/PVC nanofibers via electrospinning process.

III. Characterizations
The morphology analysis of pure PVC and Zn(NO3)2/PVC nanofibers were conducted with a ZEISS EVO 40
Scanning Electron Microscope (SEM). All SEM samples were coated with gold-palladium (about 100 Å of
thickness) by using a BAL-TEC SCD005 sputter coater to reduce charging during SEM analysis. 20 kV
acceleration voltage was applied for SEM analysis.
IV. Results and discussions
Morphological investigations of as-spun PVC and Zn(NO3)2/PVC nanofibers were carried out with scanning
electron microscopy and the images were shown in Fig. 2. 3D nnaofibrous mat structures are seen at all the
samples produced in this study. Before addition of zinc nitrate pure PVC nanofibers contain some defect structures
called bead-on-a-string morphology (Fig. 2A).

Fig. 2: Scanning electron microscopy (SEM) images of (A): pure PVC, (B): 85/15 PVC/Zn(NO3)2, (C): 70/30 PVC/Zn(NO3)2, and
(D): 50/50 PVC/Zn(NO3)2 nanofibers.

By addition of zinc nitrate to polyvynile chloride nanofibers, defect strutures transform to more uniform nanofibrous
mat structure (Fig. 2B). Increasing zinc nitrate content in PVC nanofibers causes difficulties to collect nanofibers on
the collector properly and nanofibers were spread out from the collector. Above 50/50 Zn (NO3)2/PVC content
makes highly diffult to produce nanofibers. Nanofiber diameters increase with addition of zinc nitrate to PVC
nanofibers. Encapsulatin of Zn(NO3)2 in PVC nanofibers are clearly seen at 70/30 Zn(NO3)2/PVC nanofibers
samples (Fig. 2C) and increasing Zn(NO3)2/PVC concentration to 50/50 cause nanoporous structures on Zn
(NO3)2/PVC nanofibers (Fig. 2D).
V. Conclusions
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In order to produced ZnO encapsulated PVC nanofibers, first Zn(NO3)2/PVC composite nanofibers were produced
via electrospinnig procedure by using different PVC to Zn(NO3)2 ratio. Bead-on-a-spring nanofibers morphologies
observed at neat PVC nanofibers with the used solution concentration. When Zn(NO3)2 exist in the nanofibers
defect nanofiber structure transforms to more uniform fiber morphologt and nanofibers diamters increase. Since
upto %50 wt. transparent solution was obtained, it was so difficult to obtain Zn(NO3)2/PVC nanofibers at and above
this concentration so working sample ratios were selected as pure PVC, 85/15, 70/30 and 50/50 of Zn(NO3)2/PVC
for the following studies. As-spun composite nanofibers will be treated with aqueous NaOH solution and thermall
treated with an appropriate temperature to convert Zn (NO3)2 to ZnO particles in PVC nanofibers.
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Abstract:
Sulfur dioxide (SO2) is an important atmospheric pollutant and has been proven to be hazardous to human health. In recent
years, SO2 has been extensively studied and several researches have been carried out dealing with the removal of SO 2 by
carbon based materials. Although among carbon based materials, graphene oxide (GO) has attracted a great deal of interest,
only very few studies have investigated the SO2 adsorption of GO. The objective of this study is to investigate the effect of
addition of activated carbon particles and metal salt on SO2 adsorption capacity of graphene oxide (GO) fibers produced by wet
spinning method. GO samples has been also characterized by scanning electron microscopy (SEM) and atomic force
microscopy (AFM). It has been seen that SO2 adsorption capacity of GO fiber increased from 320,90 to 561,27 mg SO2/g
sample with the addition of activated carbon, while the addition of metal salt resulted in decreased SO 2 adsorption as compared
to reference sample due to the reduction in functional groups.
Keywords: SO2 adsorption, graphene oxide fiber, activated carbon, metal salt

Introduction
Sulfur dioxide (SO2) is an important atmospheric pollutant which has a number of adverse effects on the respiratory
system and other environmental issues such as acid rain. Although several studies have been reported on the
removal of SO2 by carbon based materials, there is only very few studies reported on adsorption of SO2 on
graphene oxide (GO). Graphene oxide (GO), the most important chemical derivative of graphene, recently
attracted interest due to the existence of rich oxygen-containing functional groups (hydroxyl and epoxy groups on
the basal planes, and carboxyl and carbonyl groups on the edges). The presence of these functional groups can
provide potential advantages for using GO in numerous applications [1-6].
In this study GO fibers have been produced by wet spinning method and the effect of addition of activated carbon
particles and metal salt on SO2 adsorption capacity of GO fibers have been investigated. It has been seen that SO 2
adsorption capacity of GO fiber increased from 320,90 to 561,27 mg SO2/g sample with the addition of activated
carbon, while the addition of metal salt resulted in decreased SO 2 adsorption as compared to reference sample
due to the reduction in functional groups.
Materials and Methods
Materials: Expandable Graphene-GIC (99%) (30 μm thickness, 300 μm diameter) and activated carbon particle
(average particle dimension <100 nm, spherical, purity>95%) were purchased from Grafen Chemical Industries
Ltd.Co. Potassium permanganate (KMnO4), sulfuric acid (H2SO4), hydrochloric acid (HCl %37) and MnCl2.4H2O
were provided from Merck. NaNO3 was supplied from Zag Ltd.Co.
Methods: GO dispersions were synthesized from exfoliated graphite flakes by using modified Hummers method
using KMnO4, H2SO4, NaNO3 and HCI, which was previously reported [5-6]. PH values of obtained GO solutions
were adjusted to pH 5 by washing with distilled water in centrifuge (Nüve, NF800R). GO solutions, adjusted to 20
mg/ml, was mixed with a mechanical homogenizer (WiseTis Homogenizer, HD-15D) to obtain GO dispersion. GO
fibers were produced from obtained dispersed GO solutions by wet spinning method including three coagulation
baths as described previously [5], using Longfian Scitech, JAZ-C6 laboratory scale syringe pump.
Addition of activated carbon
GO dispersions were dispersed together with 1 wt. % activated carbon (AC) using a mechanical homogenizer. GO
fiber with AC was obtained by wet spinning method. Obtained fibers were converted into a fiber web disc and dried
for the determination of the SO2 adsorption capacity [5].
Addition of Metal Salt
MnCl2.4H2O was used as a metal salt. Since the addition of metal oxides directly into the GO dispersion may cause
many problems during the spinning process, 1 wt. % metal salt was dissolved into the third coagulation bath for wet
spinning method. After GO dispersion passed through last coagulation bath, it was dried at room temperature and
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subjected to reduction process in order to convert it into MnO 2 form. Obtained fibers were converted into a fiber
web disc and dried for the determination of the SO2 adsorption capacity [5].
GO sample codes are given in Table 1.
Table 1. GO sample codes
Samples
pH5 ref
Reference
pH5+AC %1
with activated carbon particles
pH5+MnCl2 %1
with metal salt
Characterization
The maximum adsorption capacities of the GO fiber web discs were calculated by titration method. GO samples
were also analysed by scanning electron microscopy (SEM) and atomic force microscopy (AFM) characterization
methods.
Results and Discussion
SEM Characterization
SEM İmages of GO samples are depicted in Figure 1-3. According to SEM images in Figure 2, distortion of
pH5+AC %1 fiber was observed which may be attributed to the activated carbon particles. AFM results indicated
that pH5+MnCl2 %1 had a slightly higher average roughness as compared to pH-5+AC %1 and pH-5 ref sample
(Table 2). Reduced MnCl2 on the fiber surface and also possibly quick coagulation on third bath due to MnCl 2 in
bath solution may lead to an increase of roughness of fiber.

a)
Figure 1.

b)
SEM images of pH5 ref a) cross sectional appearance b) longitudinal appearance

a)
Figure 2.

b)
SEM images of pH5+AC %1 a) cross sectional appearance b) longitudinal appearance

a)
Figure 3.

b)
SEM images of pH5+MnCl2 %1 a) cross sectional appearance b) longitudinal appearance
2
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Table 2. AFM results
Sample

Ra (µm)
roughness average

pH-5 Ref

0.642

pH5+AC %1

0.638

pH5+MnCl2 %1

0.764

SO2 adsorption test results are given in Table 3. It is clearly seen that presence of activated carbon significantly
increased the SO2 adsorption capacity due to the high surface area and high adsorption capability of activated
carbon. With the addition of metal salt, SO2 adsorption capacity decreased as compared to pH5 ref sample. This
can be arisen from the decreased functional groups due to the reduction of GO, resulting in decreased SO 2
adsorption.
Table 3.SO2 adsorption test results
Sample

SO2 adsorption capacity (mg SO2/1 g sample)

pH5 ref
pH5+AC %1
pH5+MnCl2 %1

320,90
561,27
188,06

Conclusions
This study reveals that the amount of SO2 adsorbed on GO fiber increased from 320,90 to 561,27 mg SO2/g
sample with the addition of activated carbon, which is higher than those obtained in the most of the previous
literatures [3], while the addition of metal salt resulted in decreased SO 2 adsorption as compared to reference
sample due to the reduction in functional groups.
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Abstract:
Microencapsulation is an effective method to protect the “precious” agents against the environmental effects, such as light, heat,
water etc, and to give controlled release property. Microcapsules are applied to textile materials using a few techniques, such as
padding, spraying, coating and addition intgineeringo spinning solution of fibers. However, a few studies were done on application
of microcapsules into spinning solution.
In this study, St. John’s Wort (Hypericum perforatum L.) oil was encapsulated by in-situ polymerization using melamine, urea,
formaldehyde monomers in different mole ratios. Than produced microcapsules were introduced wet spinning solution of NMMO
(N-Methylmorpholine N-oxide) and α-cellulose. Wet spinning was performed according to NMMO process in different
microcapsule amounts. Morphology of the microcapsules was examined by Scanning Electron Microscopy (SEM) analysis.
Thermal properties of microcapsules was performed by DSC (differential scanning calorimetry). In order to characterize of
regenerated cellulose fibers, XRD (X-Ray Diffractometer), moisture and water retention analysis were done. Optimum conditions
for microencapsulation process were achieved 1:5:1 melamine:formaldehyde:urea mole ratio using 0.5 % (w/w) Arabic gum and
98% (w/w) polyvinyl alcohol as colloid agents and 0.5 % (w/w) sodium dodecyl sulphate as surface active agent under 8000 rpm
strring rate. Regenerated cellulose fibers were produced by different amount of microcapsules respectively 0.5-0.7-0.3 % (w/w).
Keywords: Microencapsulation, Regenerated Fibre, N-Methylmorpholine N-oxide (NMMO), Hypericum perforatum L.

I. Introduction
The finishing process applied to textile products is the last wet process in which functional properties such as
antibacterial, flame-retardant, water repellent, fragrant, insect repellent can be obtained. Consumer expects have
changed to long life product with functional properties which is protect it’s effect for a long time. Microencapsulation
technology proved to be successful when it is desired to protect the effect of the functional finishing process applied
to the product for a long time in the finishing treatments applied to textile products. Microencapsulation technology
is one of the most preferred method when it’s necessary to use material that volatile or incapable to washing to
impart functional properties to textile products. With this method, the desired substance can be protected by
covering with a wall material. In addition, controlled release can be achieved at the desired rate by changing the
wall materials and processing conditions that are used. Microcapsules are applied to textile materials using a few
techniques, such as padding, spraying, coating and addition into spinning solution of fibers. However, a few studies
were done on application of microcapsules into spinning solution. PCMs (phase change materials) microcapsules
were added to the acrylic and viscose fibers during the spinning by Outlast Technologies LLC. These fibers widely
used in different applications (www.outlast.com).
In this study, St. John’s Wort (Hypericum perforatum L.) oil was encapsulated by in-situ polymerization using
melamine, urea and formaldehyde monomers in different mole ratios. Than produced microcapsules were
introduced wet spinning solution of NMMO 50wt. % in H2O (N-Methylmorpholine N-oxide) and α-cellulose. Wet
spinning was performed according to NMMO process in different microcapsule amounts. Morphology of the
microcapsules was examined by Scanning Electron Microscope (SEM) analysis. Antibacterial activity of fibers was
carried out according to agar well method (Stanley and Walton, 1968). Thermal properties of microcapsules was
performed by DSC (Differential Scanning Calorimetry). In order to characterize of regenerated cellulose fibers, XRD
(X-Ray Diffractometer), moisture and water retention analysis were done. Optimum conditions for
microencapsulation process were achieved 1:5:1 melamine:formaldehyde:urea mole ratio using 0.5% (w/w) Arabic
gum and 98% (w/w) polyvinyl alcohol (PVA) as protective colloid agents and 0.5 % (w/w) sodium dodecyl sulphate
as surfactant under 8000 rpm strring rate. Regenerated cellulose fibers were produced by different amount of
microcapsules respectively 0.5-0.7-0.3 % (w/w).
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II. Experimental Set-up and Procedure
2.1. Selection of Wall Material
Since the microcapsules to be produced are then incorporated into the fiber dope during fiber spinning, it was first
investigated whether the wall material is resistant to NMMO or not. For this purpose, it has been chosen to test four
different wall materials, melamine-urea-formaldehyde, chitosan, arabic gum and ethyl cellulose, by taking
advantage of previous studies. All samples were mixed with 50 ml of. NMMO 50 wt. % in H20 for 30 minutes at
60°C. Following this experimental plan for wall material selection, the following conclusions were reached; Chitosan
and Arabic Gum are not suitable for use as wall material because they are completely dissolved in NMMO. Ethyl
cellulose and melamine-formaldehyde-urea did not dissolve in NMMO. However, ethyl cellulose chemical has larger
particle size makes it possible to block the holes in the system to be used as a nozzle in fiber spinning. Also
melamine-urea-formaldehyde polymer mechanically more resistant, and thermal durability operations up to 150°C
(Elesini et. al., 2016) and smaller particle sizes melamine-formaldehyde-urea was chosen as the wall material.
2.2. Selection of Core Material
Hypericum perforatum L. oil was chosen as the core material. The herb has been used in folk medicine as healing
and anti-inflammatory agent since antiquity (Kalogeropoulos et. al., 2010). Its usefulness in reducing inflammation
is well known, and appears to be related, at least in part, to its ability to serve as an antibacterial agent. Recent
research also suggests that it is useful in combating viruses (Klemow et. al., 2011).
2.3. Microcapsule Preparation
Microcapsules were formed using melamine, formaldehyde, urea monomers as wall material and Hypericum
perforatum L. oil as core material. In some variations, gum arabic or polyvinyl alcohol (PVA) was used as the
protective colloid. Sodium dodecyl sulfate (SDS) or Tween 20 was used as surfactant. Seven different experimental
set-up were prepared for this purpose. Table 1 below shows the quantities of chemicals used according to the test
plan:
Table 1. Parameters in O/W emulsion
Continuous Phase

Organic Phase

Wall Material
Melamine

Core Material

Formaldehyde

Urea

Hypericum
Perforatum L. Oil

Protective Colloid
(w/w)
PVA (%)

Arabic
Gum (%)

Surfactant (w/w)
SDS (%)

Tween
20 (%)

KD1

2M

3M

2M

10 ml

2

KD2

1M

3M

1M

10 ml

2

KD3

3M

1M

1M

10 ml

2

KD4

3M

8M

1M

10 ml

KD5

3M

8M

1M

10 ml

KD6

3M

8M

1M

10 ml

KD7

1M

5M

1M

10 ml

2
1

2

0.5

2
0.5

0.5

According to the test plan, formaldehyde was first added to 100 ml distilled water in each microcapsule forming
process and the pH value was brought to 8.5 with 0.5 M NaOH. Then, melamine and urea monomers were added
and the pre-condensate was prepared by stirring in a magnetic stirrer at 60°C for 20 minutes. When melamineformaldehyde-urea prepolymer is formed, this mixture should be in a transparent color.
Simultaneously the oil in water emulsion of Hypericum perforatum L. oil was prepared with auxiliary substances
used in different variations. The ingredients in the organic phase were stirred at 2000 rpm for 30 minutes in an ultra
stirrer. This oil-in-water emulsion was then slowly added to the melamine-formaldehyde-urea prepolymer by an
injector. The pH was adjusted to 5 by the addition of acetic acid dropwise to the mixture and the temperature was
raised to 65°C. Then, this mixture was stirred at 8000 rpm for 150 minutes in an ultra stirrer. The speed of the ultra
stirrer was reduced to 500 rpm and stirred at room temperature for a further 30 minutes. After stirring for a total of
3 hours, the emulsion was filtered on filter paper. The filtered mixture from the filter paper was filled into centrifuge
tubes and centrifuged at 6000 rpm for 30 minutes and filtered again through the filter paper. The resulting
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microcapsules were first washed with pure water and once with methanol to terminate the activity of formaldehyde.
The washed microcapsules were dried at room temperature. According to SEM images and Particle Size
Distribution Analysis, KD7 was chosen for embedded into spinning solution due to its smooth shape and uniform
distribution.
2.4. Doping of Microcapsules Into Spinning Solution
The obtained microcapsules were added into spinning solution with the apparatus prepared in the laboratory
according to wet spinning technique. Seventeen different experimental set-up were prepared for spinning solution.
α-cellulose, microcapsules, NMMO, distilled water and propyl gallate were added to beaker and the mixture was
stirred at room temperature. Then the temperature of the mixture was raised to 50°C and 60°C for one hour. It was
then stirred for 1 hour on the rotary evaporator at 180 rpm. The mixture was left in an ultrasonic bath at 100 KHz
for one hour. After the ultrasonic bath treatment, fiber spinning was performed on the two different coagulation baths,
one of containing pure water and the other 1% NMMO at 30°C. Then the continuously spinning fibers were wrapped
in glass test tubes and washed with distilled water. Finally, the fibers wrapped in the test tube were allowed to dry
at room temperature. Table 2 below shows the quantities of materials used according to the test plan:
Table 2. Spinning solution formulations
α-cellulose

Microcapsule (%)

LK
LD1
LD2
LD3
LD4

5g
5g
5g
5g
5g

~
0.25 KD1
0.25 KD1
0.25 KD1
0.25 KD2

LD5

1.42 g

~

NMMO 50wt. %
in H2O
100 ml
50 ml
50 ml
100 ml
50 ml
10 g (100 wt. %
in H2O)

Distilled Water

Propyl gallate

~
~
~
6 ml
6 ml

0.5 g
~
~
0.08 g
0.1 g

17.2 ml

0.035 g

LD6

5g

~

100 ml

6 ml

0.08 g

LD7

2.5 g jute powder

0.3 KD3

50 ml

5 ml

0.05 g

LD8
LD9
LD10
LD11
LD12
LD13
LD14

2,5 g
10 g
5g
5g
6g
6g
5g

0.3 KD3
0.6 KD4
0.3 KD3
0.3 KD1
0.3 KD2
0.6 KD5
~

50 ml
100 ml
100 ml
100 ml
100 ml
100 ml
100 ml

5 ml
10 ml
~
~
~
~
~

0.05 g
0.13 g
0.08 g
0.08 g
0.1 g
0.1 g
1.5 g

LD15

5g

0.5 KD7

100 ml

~

0.5 g

LD16

5g

0.7 KD7

100 ml

~

0.5 g

LD17

5g

0.3 KD7

100 ml

~

0.5 g

The best results have been obtained in the last three trials (LD15, LD16 and LD17). Because less oxidation was
observed compared the other experiments provided by propyl gallate. Therefore, these trials were taken into
account while evaluating the results.
III. Analysis
3.1. Thermal Analysis, Differential Scanning Calorimeter (DSC)
Samples weighing approximately 10 mg were prepared at room temperature in an aluminum sample vessel with
10-4 precision. The analysis was carried out empty aluminum vessel using as a reference at a heating rate of
10°C/min and a temperature between 30 to 400°C in a 20 ml/min nitrogen atmosphere. Analysis was carried out
with Diamond DSC Differential Scanning Calorimeter, Perkin Elmer.
3.2. Morfological Analysis of Microcapsules and Fibers
Experiments have been carried out in accordance with the selected parameters and the determined experiment
design. The morphological characteristics of the specimens taken from the developed microcapsules and fibers
were examined by scanning electron microscope (SEM). Each sample was fixed on a standard sample holder and
3
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sputter coated with gold. Samples were then examined with suitable acceleration voltage and magnification.
Analysis was carried out with HITACHI TM-1000 Scanning Electron Microscope (SEM).
3.3. Water Retention and Humidity Measurements
Humidity measurments were carried out according to ASTM D629-98. Approximately 0.5 g of each fiber was
sampled and weighed after conditioning for 24 hours under standard atmospheric conditions (20°C ± 1 temperature
and 65 ± 2 % relative humidity), A. The fibers were then dried in the oven at 105°C for 90 minutes and weighed
once more, B. measurements were made according to the following formula:

% ℎ𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 =

𝐴𝐴 − 𝐵𝐵
× 100
𝐴𝐴

Water retention values of microcapsule-doped fibers at different ratios were determined by a centrifuge according
to ASTM D2402-07 standard. The weighing of the test samples was carried out in a 15 ml PP centrifuge tube with
a sensitivity of 10-4 in the chamber at a temperature of 20°C ± 1°C and a relative humidity of 65 ± 2%.
The water retention rates of the fibers are calculated according to the formula given below:

Where,

𝑅𝑅 = 100 × (𝑀𝑀 − 𝐷𝐷) ÷ (𝐷𝐷 − 𝑇𝑇)

R, water retention ratio (%)
T, weight of centrifuge tubes in an empty state
M, weight of centrifuge tubes while fibers inside it after centrifugation
D, weight of centrifuge tubes while fibers inside it after drying
3.4. Particle Distribution Analysis
The particle size distribution is measured by the Horiba Laser Scanning Particle Size Distribution Device LA-950,
which is based on the principle of calculating from the light intensity distribution model of the diffracted / scattered
light emitted from that particle group.
3.5. Antibacterial Analysis
To analyze the antimicrobial activity of the microcapsules, the microcapsules obtained according to the experimental
plan of KD5, KD6 and KD7 were used. The antimicrobial activity of the microcapsules trapped in the hypericum
perforatum L. oil was determined using the agar well method (Stanley and Walton, 1968)
3.6. Crystallinity Analysis, X-Ray Diffractometer (XRD)
Crystallinity (CI) of fibers was calculated from the height ratio between the intensity of the crystalline peak (I002 - IAM)
and total intensity (I002) after subtraction of the background signal measured without cellulose (Segal et. al.,1962).
The analysis was carried out on the Rigaku D/Max-2200 XRD on a Cu-K beam source and a device with a graphite
monochromator, the heating rate was set at 4°C/min and the measurement range was set at between 3 to 90°.
IV. Results and discussions
4.1. Morfological Analysis of Microcapsules
There are scanning electron microscope (SEM) images of microcapsules produced in different variations according
to the in situ polymerization method as follows. SEM micrographs of microcapsules are shown in Figure 1. As can
be seen in figure, some of the microcapsules have spherical shape with smooth surfaces (KD7), however some of
them in the shrinked form and aggregated.
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Figure 1. SEM images of microcapsules
4.2. Particle Distribution Analysis
Figure 2 shows the particle size distribution of the prepared melamine-urea-formaldehyde (MUF) polymer
microcapsules containing hypericum perforatum L. oil. The size of all the resulted particles was below 80 µm and
their size distribution was narrower. Due to its smooth shape and uniform distribution, KD7 was used for fiber
spinning.

Figure 2. Particle size distribution of microcapsules
4.3. Thermal Analysis of Microcapsules, Differential Scanning Calorimeter (DSC)
Figure 3 shows DSC thermographs of microcapsules. When the DSC analysis results are examined, an exothermic
process was observed change around 100-120°C at KD5 and KD7. This process is associated with water desorption
and caused by the water molecules inside the Hypericum perforatum L. oil. Based on DSC scans, it can be inferred
that the KD6 have completely confined the active ingredients, thus concealing the thermal behavior.

Figure 3. DSC thermographs of microcapsules
5
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4.4. Antibacterial Analysis of Microcapsules
The results of antibacterial activity obtained by applying the agar-well method of microcapsules are given in the
table below. All of the microcapsules containing hypericum perforatum L. oil showed antibacterial activity. As shown
on the Table 3, KD7 is the best example to provide the strongest inhibition.
Table 3. Results of antibacterial analysis of microcapsules according to agar well method
Inhibition Zone Diameter (mm)

Microorganisms

Origin

Escherichia coli Gram (-)

KD5

KD6

ATCC 8739

15

20

21

Micrococcus luteus Gram (+)

DSM 20030

14

17

24

KD7

4.5. Morfological Analysis of Fibers
There are scanning electron microscope (SEM) images of fibers produced in different variations according to the
NMMO process as follows. SEM images of fibers are shown in Figure 4. As can be seen in figures, the
microcapsules are evenly distributed on the surface of fibers.

Figure 4. SEM images of fibers
4.6. Crystallinity Analysis of Fibers, X-Ray Diffractometer (XRD)
As can be seen in the Figure 5, crystallinity of fibers was lower than lyocell (77%), (Silva et. al., 2011). This result
can be attributed to spinning solution may hydrolysed because of apparatus prepared in the laboratory. Also
crystallinity of control fiber (LK) was lower than capsule loaded fiber. This result can be attributed to high crystallinity
of melamine-urea-formaldehyde (MUF) polymers (Elesini et. al., 2016)

CI

66,52 69,57 66,43 65,12 66,13

66,7

48,52

LK

LD15

LD15-1

LD16

LD16-1

LD17

LD17-1

a) Crystallinty index of fibers

b) XRD scans of fibers

Figure 5. Crystallinity properties of fibres
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4.7. Thermal Analysis of Fibers, Differential Scanning Calorimeter (DSC)
Figure 6 shows DSC thermographs of microcapsule loaded fibers. When the DSC analysis results are examined,
an exothermic process was observed change around 350°C in all samples. Only one of the samples (LK) an
exothermic process was detected at low temperatures, with a maximum occurring at approximately 100°C. This
process is associated with lower orientation of cellulosic polymers. Based on DSC scans, it can be inferred that the
capsules have completely confined the active ingredients, thus concealing the thermal behavior.
Where,
LD15-1, was carried out under the same experimental conditions as the LD15, except for one difference that is
coagulation bath contains %1 NMMO while coagulation bath of LD15 contains only distilled water.
LD16-1, was carried out under the same experimental conditions as the LD16, except for one difference that is
coagulation bath contains %1 NMMO while coagulation bath of LD15 contains only distilled water.
LD17-1, was carried out under the same experimental conditions as the LD17, except for one difference that is
coagulation bath contains %1 NMMO while coagulation bath of LD15 contains only distilled water.

Figure 6. DSC thermographs of fibers
4.8. Water Retention and Humidity Measurements

%

Water retention and humidty measurments of fibres are shown in Figure 7. Control fibre (LK) was showed the
highest water retention and humidity value. This result is compatible to expectations the sorption phenomena in the
aqueous medium are in agreement with the basic structural data i.e. degree of crystallinity. Also the results were
close to water retention and humidity values of lyocell fibers according to Kreze et. al., 2001 research.
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1
0

LDK

LD 15

LD 15-1

LD 16

LD 16-1

LD 17

LD 17-1

R

0,7

0,64

0,65

0,62

0,61

0,65

0,67

Humidity

0,15

0,13

0,13

0,12

0,12

0,13

0,14

Figure 7. Water retention and humidity values of fibers
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V. Conclusions
- This study shows that microcapsules with suitable wall material and particle size can be embedded into cellulosic
fibers during the wet spinning process.
- Morphology of microcapsules and particle size distribution were affected by type and amounts of protective colloid.
- The crystallinity of fibers were increased by addition of microcapsules due to high crystal structure of microcapsules.
- The microcapsules showed good antibacterial effects.
- It was observed that microcapsule addition into spinning solution did not significant affect the resultant water
retention and humidity values.
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Abstract
In the fashion industry, major brands and producers are evolving in a high competitive environment where speed, quality and
price are the main criteria. Fashion companies need to be flexible, productive and to give quick feedbacks. By the usage of
virtual technologies, obstacles like time and distance are being minimized for collaborations among fashion companies. The
actual representation of a virtual garment is dependent on two factors, precise computational models and exact input of fabric
parameters. Already there are many advanced systems having capability of actual representation on the market including
Optitex, Browzwear’s V-stitcher and Lectra’s Modaris 3D. These systems are able to not only predict the garment shapes
properly on a 3D avatar, but also simulate the fabric behavior. This study aims to compare the 3D virtual simulation results in
these three different systems. According to the comparison of results in previous study, it was expected that virtual garment
systems properly simulate the fabric behavior for fabric A and C according to the results of tensile and bending rigidity in both
testing systems. Then these fabrics A and C were simulated in all three systems and results of garment-fit and fabric extension
maps on the same avatar were compared.
Keywords: 3D garment, Virtual Try-on, 3D simulation systems, textile parameters

I. Introduction
3D CAD systems for garment simulation has been extensively developed by a transformation into a high
industry. Researchers focused on the research of computer simulation of garments based on the
physical-mechanical properties of fabrics and the intention to achieve the most accurate and realistic simulations of
garments (Aihua, 2008, Jiang, 2012). But, not only advanced computational models are responsible for precise
virtual garment simulations. Also exact input parameters play an important role for a correct reproduction of the
fabrics mechanical behaviour (Luible, 2008). Independent of the software package used for the virtual simulation,
all 3D virtual garment simulation software require the input of objective fabric measurements. Some software
packages providers have developed their own measuring devices to obtain the required textile parameter specific
to their application. Examples of these include Browzwear’s fabric testing kit and Optitex’s fabric testing utility. The
fabric properties obtained vary depending on the system, but generally all devices include facilities for measuring
tensile and bending properties. Other parameters such as surface properties, mass and thickness can be obtained
either as part of the main testing process or extra testing instruments may be required [4]. Some researchers have
investigated the virtual simulation by inputting the fabric properties (Jess, 2013, Wu, 2011). In previous study, we
carried out tensile tests and bending resistance test under standard laboratory condition and also used the
Browzwear's V-stitcher Fabric Kit (FTK) to measure the required properties for the simulation (Güney, 20107). In
this study, we compared the 3D virtual simulation results in three different virtual try-on systems Optitex, V-Stitcher
(Browzwear) and Modaris 3D Fit (Lectra).
II. Experimental Set-up and Procedure
Materials
Five stretch knitted fabrics (having the same warp or weft knit structure) made of polyamide, polyester and cotton
including different amounts of elastane fibers were provided from sports garment producers. Their physical and
structural parameters are given in Table 1.
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Table 1. Physical and structural parameters of fabric specimens.
Fabric Structure

Fabric Mass
(g/m²)

Fabric
Thickness
(mm)

82% PES 18% Elastane

weft knitted

155

0.41

80% PA 20% Elastane

warp knitted

210

0.64

C

83% PES 17% Elastane

warp knitted

280

1.23

D

75% Cot 25% Elastane

weft knitted

200

0.49

E

80% PES 20% Elastane

weft knitted

300

0.59

Fabric
Code

Fibre Composition

A
B

Methods
All the fabric measurements has been conducted in accordance with each testing system operating manual and
sample size specification. The fabrics have been conditioned and all testing were performed in a standard
laboratory environment. Five polyester fabrics (Table 1) were tested for the properties of tensile (extensibility),
shear rigidity and bending rigidity, using two different textile testing system.
Measurements of Fabric Parameters
KES-F (Kawabata evaluation system for fabrics) measurements derived from objective fabric measurements and
Browzwear’s fabric testing kit were used for virtual garment simulation.
Browzwear V-stitcher Fabric Test Kit (FTK)
The Browzwear fabric testing kit (Figure 1) is a single set of apparatus that measures three parameters bending,
tensile and shear; although other parameters (mass and fabric thickness) are required to enable the data to be
inputted into the 3D virtual garment simulation. Bending is defined in the FTK manual as ‘the amount of cloth
resistance to folding when applying an external force on a cloth’. Warp and weft fabric specimens were prepared,
each specimen is clamped at one end and fed through a metal clip. The fabric is pulled though the clip by moving
the clamp, until the edge of the cloth is almost detached from the lower scale (bend scale). The lengths known as
the distance (d) and curved length (l) are obtained (Figure 1), the height is fixed at 2.7cm. This is the similar as the
cantilever principle.

Figure 1. Browzwear V-stitcher Fabric Test Kit (FTK)

In tensile tests a series of 6 weights (50, 100, 200, 300, 450, 650g) were applied to a vertically mounted fabric in
sequence (Figure 1). The fabric was clamped between two clips; the distance between the clips was measured.
The top clip was then secured to a frame and the fabric was allowed to hang freely, a second measurement was
recorded, a sequence of weights were then applied and the distance between the clips recorded manually using
the mounted measuring device. This test was repeated for the wale, course and bias of the fabric. Shear was
measured by repeating the tensile procedure but the fabric sample was cut in the bias (FTK user manuel, 2013).
Tests under standard laboratory condition
The Browzwear’s fabric testing kit uses a simple strain gauges for measurement. Six weights (50, 100, 200, 300,
450, 650g) are hung from a vertically mounted sample and the user records the extensibility results. The tensile
tests were carried out by using a Lloyd Tensile Tester (LR5K plus). In testing kit, we measured the tensile
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properties of specimens under a series of loads.
For bending measurements, both testing systems use the cantilever principle to obtain the bending length under
the fabric own weight. But because of the unsuitable dimensions of testing kit, it is not suitable to get the right angle
of 41.5˚ that used in Peirce's cantilever tester (Figure 2) (Ghosh, 2003).

Figure 2. Peirce's cantilever tester [8]

IV. Results and discussions
Although the results obtained are different due to the different sample sizes being tested, the results of the
correlation analysis carried out in order to evaluate the relationship between the test data obtained from the two
measuring devices under load of (100, 200, 300) are significant (80-99%). Figure 3 shows a sample comparison
chart under 300 g weight.

Figure 3. Stretch rigidity values under 300 g weight [6]

The bending rigidity values (dyne*cm) from two testing systems are seen in Table 2. Results showed that bending
rigidity in wale direction of fabrics A and C measured using WIRA bending device have good agreement with the
ones using Browzwear testing kit.
Table 2. The bending rigidity values using two testing systems [6]
WIRA Bending Device
Cross
Machine
machine
direction
direction
(dyne*cm)
(dyne*cm)

Fabric
Code

Browzwear Testing Kit
Cross
Machine
machine
direction
direction
(dyne*cm)
(dyne*cm)

A

21.04

18.29

21.57

B

10.96

47.04

58.42

21.57
32.86

C

70.24

128.25

70.39

187.97

D

1.30

4.40

71.15

20.69

E

6.60

40.71

96.26

37.32

We derived the fabric parameters from objective measurements. Fabric parameters are given in Table 3.
Table 3. Fabric parameters used for virtual garment simulations.
Tensile Strain (%)
Fabric
Code

A

B

Tensile
force (N)

Wale

0.245 3.05

Shear Rigidity

Bending Rigidity

Course

Bias

V-Stitcher,
Optitex
Modaris 3D
(dyn*cm)
(N/m)

V-Stitcher,
Modaris 3D
(µNm)
Wale
Course

2.85

4.45

27.64

276.40

2.02

1.76

189.01

2.45

50.20

502.04

1.05

4.52

278.76

0.98 16.15

12.15

4.905 73.30

57.20

0.245 1.45

3.20

3

Optitex
(dyn*cm)
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C

D

E

0.98 8.25

14.35

4.905 54.10

58.95

0.245 1.90

1.15

0.98 7.30

6.20

4.905 44.50

28.85

0.245 3.10

2.80

0.98 12.30

12.10

4.905 59.40

51.60

0.245 1.90

1.40

0.98 12.30

9.00

4.905 67.00

47.80

2.40

51,25

512,50

6,75

12,33

953,88

3.80

32.37

323.68

0.13

0.42

27.44

3.50

35.14

351.43

0.64

3.91

227.41

The fabric parameters were inputted into the simulations. We adjusted the same avatars measurements in all
simulations. The standard mannequin measurements is shown in Figure 4.

Figure 4. Mannequin view and measurements

We compared the garment fit and garment stretch properties according to the simulations results. We used Optitex
and Browzwear's V-stitcher and got pressure maps to see the garment fit. The comparisons for fabrics A and C are
shown in Figure 5 and 6.

Figure 5. Comparison of garment pressure for Fabric A using Optitex and Browzwear's V-stitcher

Fabric C is heavier and thicker therefore the pressure is more visible than using Fabric A. The results seem similar
in both simulations. The main difference are colors which represent low pressure values, while maximum pressure
values are shown in red color using both software packages.
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Figure 6. Comparison of garment pressure for Fabric C using Optitex and Browzwear's V-stitcher

In garment stretch comparison, we used Optitex and Modaris 3D software packages. The results are presented
using the same extension scale (max 35%, min -5%) and they show similar stretch maps for fabrics A and C in both
simulations (Figure 7-8).

Figure 7. Comparison of garment stretch in course direction for Fabric A using Modaris 3D Fit and Optitex

Figure 8. Comparison of garment stretch in course direction for Fabric C using Modaris 3D Fit and Optitex

The same difference of color representation as in the case of pressure maps was achieved. In Optitex not
5
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stretched garment areas are shown in blue and green colors while in Modaris – in blue and white colors. Maximum
stretch values are shown in red color using both software packages but are more intensively expressed in Optitex.

V. Conclusions
In this study, we compared the 3D virtual simulation results in three different software packages. Five stretch
knitted fabrics made of polyamide, polyester and cotton including different amounts of elastane fibers were
selected from sports garment producers. We carried out tensile tests and bending resistance test under standard
laboratory condition and also used the V-stitcher's testing kit to compare the extension, shear (bias extensibility)
and bending measurements between objective fabric measurements and the derived parameters for the virtual
garment simulation. According to the comparison of measurements, it was expected that different virtual garment
systems properly simulate the fabric behaviors according to the results of tensile and bending rigidity in both testing
systems. Fabrics A and C were simulated using three systems and compared the results of garment pressure and
extension maps on the avatars with the same measurements. The realistic simulations' results and fabric behavior
can be achieved thanks to the same objective fabric measurements. The results showed that exact input
parameters play an important role in the virtual garment simulation. Different virtual try-on software packages
showed similar, sometimes the same results if the fabric behavior were defined correctly.
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Abstract:
The aims of the research were determined in the identification of the aesthetic and artistic characteristics of “Al Musannaf”
fabric, and making use of its artistic, aesthetic and structural characteristics in the contemporary designs for women's wear using
the 3D Techniques through the design on the modeling.
The research followed the analytical descriptive approach due to its relevance in the achievement of the research
objectives and verification of its hypotheses
The results of the research showed the following: There were statistically significant differences among the implemented
designs to utilize the fabric of Al Musannaf Using 3D Techniques in Design on the Modeling according to the opinions of the
specialists in the availability of elements and the foundations of the (design - the 3D techniques – function”.
. The results stressed that there are statistically significant differences among the implemented designs to utilize the fabric of Al
Musannaf Using 3D Techniques in Design on the Modeling according to the views of women aged (20: 40) in achieving the
aesthetic and functional dimensions.
Keywords: Al Musannaf, 3D Techniques.

I. Introduction
Heritage is considered a deep emotional and historical dimension that reflects the lifestyle people have lived and
the values, customs and traditions their ancestors have conveyed to them. Moreover, it explains their social, cultural
and economic status.
“Al Musannaf” is one of the types of men's wear in the south of Saudi Arabia. It is dressed as a uniform “Izar” and
is usually dressed on social occasions. It is a national and cultural heritage that distinguishes the tribes of the south
of Saudi Arabia from other tribes. Therefore, “Al Musannaf” is characterized by aesthetic and formative possibilities
through its textile composition inspired by the Bedouin community in order to express different meanings in their
lives. Such meanings reveal the beliefs and lifestyle of this society through the inspiration of the meanings of the
environmental nature in a simple technique”. (Mardhi Bin Khammash, 2012)
Since the design on the modeling is one of the methods of pattern, as it is unique in its ability in empowering the
designer in expressing his ideas without any restrictions and makes him innovate from different materials modern
designs in a distinctive style that allows the designer to express his feelings and enables him to produce innovative
artistic designs that are compatible with both material characteristics and body features. It is a sophisticated
technique for design and production of models requires high skill and ability to innovate to produce distinctive
designs (Najwa Shukri, 2009).
Out of this point of view, emerged the idea of the research in the use of the fabric and its artistic and formative
possibilities in “Al Musannaf” in making designs for women's wear using the 3D techniques in design on the
modeling,Through searching the studies related to the subject of this research, that were conducted and dealt
with the use of different fabrics in the design on the mannequin, including the study of (Samar Ali , 2004), which
dealt with the possibilities of the formative capabilities of the fabric as a source of design on the mannequin. One
of its most important results was determining the general properties of the materials and to link the relationship of
these properties to the process of formation on the mannequin. And the study of (Abir Ibrahim and Rania Nuweishi ,
2010), which dealt with the study of the impact of the characteristics of some knitting fabrics in the presentation of
the potential of the fabric formative capabilities on the mannequin. Some of its most important results is the use of
rubber in the fabrics of knitting wear in formatting various designs and technologies and that the potential of these
materials regardless of their different weights and thickness and the coefficient of their looseness and the strength
of their explosion, each has its effects that contribute to inspiring the designer to form on the mannequin with diverse
and various ideas. The study of (Karamah Thabet Hassan, 2013), which dealt with making benefit of the aesthetic
and decorative properties of curtain fabrics in the design on the mannequin .It concluded that the aesthetics of
design varied according to the characteristics of curtain fabrics.There are also many studies that dealt with the study
of traditional fabrics and their functioning in the field of fashion design, including the study of (Iman Abdul Salam,
Karama Thabit, 2011) that aimed at the inspiration of the design on the mannequin from the Saudi traditional clothing
accessories, and the study of (Soha Ahmed, 2012) that aimed to create contemporary designs according to the
style of forming on the mannequin from headdresses fabrics in Sharkia Governorate.
From the previous review of the previous studies, it was found that despite the artistic richness of the fabric of “Al
Musannaf”, it did not receive enough attention in terms of its aesthetic and functional value, therefrom, the
1
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problem of the research was determined in the following questions:
- What are the aesthetic and artistic characteristics of “Al Musannaf” fabric?
- What is the possibility of functioning “Al Musannaf” fabric in contemporary designs for women's fashion using
the 3D Techniques through the design on the modeling?
The aims of the research were determined in the identification of the aesthetic and artistic characteristics of “Al
Musannaf” fabric, and making use of its artistic, aesthetic and structural characteristics in the contemporary designs
for women's clothes using the 3D Techniques through the design on the modeling.
The importance of the research is due to the trial to link the folk legacies with the fashion of modern women to
preserve the national identity. The results of the research can also contribute to the addition of new styles of
design and draping on the modeling, a study curriculum in the field of clothing and textiles.
II. Experimental Set-up and Procedure
1- This research followed the analytical descriptive approach to achieve the objectives of the research. The limits
of the research were limited to analyzing and extracting the aesthetics of “Al Musannaf” and its use in the
implementation of (6) proposed designs using the style of design on the modeling using the 3D techniques to
suit women aged 20-40 and to suit the evening time.
2- The sample of the research was represented in two groups:
- The first group: The first group: is a number (10).of professors specialists in the field of clothing and textile
totaling
- The second group: is number (30) of women aged 20- 40, totaling is number of women aged 20- 40, totaling
30 women.
3- The researcher designed the research tools, which were represented in:
3-1 Questionnaire of the opinions of specialists:
They are specialists in the field of clothing and textiles, and the questionnaire consisted of (3) axes:
- The first axis (design): It was concerned with the measurement of the use of the design of the distinctive
formations of “Al Musannaf”.This axis included (7) phrases.
- The second axis (the 3D techniques): It was concerned with the measurement of success in the use of the
fabric of “Al Musannaf” using the 3D techniques in the design on the mannequin .This axis included (7)
phrases
- The third axis (function): It dealt with the measurement of success in using the fabric of “Al Musannaf” in
terms of its compatibility with the prevailing trends and the target group and its relevance with the evening
time .This axis included (8) phrases, and the researcher used in this questionnaire a tripartite estimation
balance (appropriate - fairly appropriate - misappropriate) so that the answer is estimated to be
appropriate (3) degrees, fairly appropriate (2) degrees, misappropriate (1) degree.
3-2
-

Questionnaire of women's opinion, aged (20: 40):
The researcher designed a questionnaire directed at women to determine their satisfaction with the
implemented designs. The questionnaire contained two axes:
The first axis (the aesthetic side): It dealt with the measurement of the utilization of the properties and
aesthetics of the fabric of “Al Musannaf” in the proposed designs from the point of view of women and
included (7) phrases.The second axis (the functional aspect): It dealt with the measurement of the extent of
suitability of proposed designs in terms of the fabric and its appropriateness to age range and included (7)
phrases, and the researcher used in this questionnaire a tripartite estimation balance (appropriate - fairly
appropriate -misappropriate) so that the answer is estimated to be appropriate (3) degrees, fairly appropriate
(2) degrees, misappropriate (1) degree.

4- Answering the research questions:
4-1 The first question is, "What are the aesthetic and artistic properties of “Al Musannaf” fabric?"
4-1-1 A Brief history of “Al Musannaf”:
“Al Musannaf”: is a men's wear in the southern region of Saudi Arabia. It is dressed as an “Izar” in and is
usually decorated with embroidered yarns at its edges and striped with colors; green, red, orange, black and
silver, and is decorated with metallic threads. It is usually dressed on the social occasions (Laila Al-Bassam,
1998).
“Al Musannaf” started to be dressed more than 100 years ago in the area of “Samtah”, which is currently affiliated
to the “Jazan” region in southwestern Saudi Arabia. The majority of its population is from the “Arishi” tribe, and
then spread to the “Tihama” tribes thereafter. Tihama is a historical region and is considered one of the five
regions of the Arab Peninsula. It is the coastal plain paralleling the Red Sea between the provinces of Hejaz and
Yemen in the western Arabian Peninsula. It is known that Tihama is also the name of Makkah Al-Mokarama.
(Yaqout Al-Hamawi, 1993). (pic.1)
2
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Pic. 1. From the region of Jazan for a number of Al-Darb and Shaqiq dignitaries, Hadi Al-Qorbi, Shaikh of Shaqiq, and local
dignitaries in 1937- (Yacout Al-Hamawi, 1993)

Pic. 2. A group of men from southern Saudi Arabia dressed in the traditional Azar, “Al Musannaf”- (Mahmoud AlShabili, 2001)

4-1-2 Analysis of the aesthetic and artistic characteristics of “Al Musannaf”:
The researcher considers that the material of “Al Musannaf” is part of the Badia (Bedouin) community in the
south of Saudi Arabia .It expresses different meanings in their lives, in terms of the artistic meaning and its
purpose from one form to another. It reveals the beliefs and way of life in this society through the inspiration of
meanings of environmental nature in a simple technical style, by weaving adjacent colored threads whereby
longitudinal areas with different colors are produced basing on the longitudinal lines and are repeated in essence
based on the principle of suitability and regularity .These forms are recognized in all regions of the south of the
Kingdom of Saudi Arabia. Bearing in mind that each type of “Al Musannaf” has an aesthetic significance as per
the people of region and the tribe that wears it. In this sense, examples of “Al Musannaf” were analyzed in terms
of the chromatic, artistic and aesthetic analysis:
“Al Musannaf” (Al-Izar): (Pic. 3)" :
It is a rectangular cloth, its width is 100 cm, and its length is 160 cm. It is made of cotton and features
longitudinal lines in several colors where some of the colors begin with lines in red color and their width is
5: 7 cm followed by thin lines in green, yellow and orange, followed by a black line with a width of 3
cm .Then, the previous thin yarns are repeated and then followed by two lines of golden reed yarns with
white cotton threads. The previous colors are repeated in harmony until the width of “Al Musannaf” is 100
cm and its edges end with decoration in the form of a strip of 2 or 3 cm wide, and the colored cilia .The
residents of the city of “Al Musannaf” and the city of “Arish” and other cities of the west coast in the
Kingdom of Saudi Arabia wear it.

Pic. 3. It shows “Al Musannaf” or (Al-Izar) which is made from the cotton fabric - (Photo by the researcher)

“Al Musannaf” (quilt): (Pic.4):
It is a rectangular material of 120 cm wide and 270 cm long, made of cotton material. It is characterized by long
lines in several colors. Some of “Al Musannaf” begin with lines usually in red, which are 5: 7 cm in width, followed
by thin lines in black and orange, followed by a 3 cm white line. The previous colors and fine threads are repeated
in harmony. The edges end with ornamentation in the form of a strip of 2 or 3 cm wide and the colored cilia .The
men of the tribes of “Mu'amad”, Zadad, Banu Shahr, Tihama Qahtan, Bareq and other tribes who lived in the
mountains of Tihama in the Kingdom of Saudi Arabia used to get dressed in “Al Musannaf”.

Pic. 4. It shows “Al Musannaf” or (quilt) which is made of cotton fabric - (Photo by the researcher)

3

435

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Through research and study, the researcher concluded that the fabric of “Al Musannaf” is currently being
manufactured with a variety of designs and colors characterized by harmonious rhythmic and dynamic rhythm that
gives the material a kind of harmony and color and sensual compatibility. Since the material has a strong
inspirational effect on the designer who performs the design on the modeling, he has to be informed with the
characteristics of the materials and their types and knowledge of the extent of their impact and their effective role
on the creative ability.
4-2 The second question, stating: “What is the possibility of functioning “Al Musannaf” fabric in
contemporary designs for women's fashion using the 3D techniques through the design on the modeling?”
The researcher presented (6) proposed designs implemented from the fabric of “Al Musannaf” using the 3D
techniques in the design on the modeling, here is the description of the implemented designs:
Description of the design

The first design
(Pic. 5)

The idea of the design emerged from the design of Al Musannaf” fabric
characterized with the regular longitudinal lines in multi colors and the trial of
breaking such lines and converting them to curve lines through forming them in
the shape of a stereoscopic rose. Thus, the design relied on variation in line,
thereon; the straight line appeared in the dress design and ended with colored
cilia. This variation enriched the design and underscored the aesthetics of the
material. A quick rhythmic linear, emerged in the design, resulting from the multi
colored areas that highlighted the form in the stereoscopic rose using the 3D
techniques which led to highlighting a variation in the sense of the material touch.

Description of the design

The second design
(Pic. 6)

The researcher benefitted from the weight and thickness of the material in the
formulation of this design. She started the idea of design through utilizing the
longitudinal lines in finding the movement and color rhythm .This is done by
placing the tissue orientation line of the fabric of “Al Musannaf” in a tilted manner
to give the sense of the third dimension of the shape around the opening of the
neck to show the upper part of the design with regular lines and then turn in the
abdomen to slanted lines in the opposite direction. Then, the material was formed
in the shape of irregular drop-down folds to give a sense of smoothness in the
material. This was confirmed by the continuous linear folds on the right side of
the design, which in turn led to the presence of quick color and linear rhythm.
The material helped to highlight the basic idea of the design and also helped to
confirm it and give it strength that cannot be achieved by using other fabrics.

Description of the design
The design of this dress relied on the flexibility and softness of the fabric
despite its thickness. The design has been streamlined around the body, and
the use of asymmetric material in line colors in the left and right halves has
helped to form stereoscopic folds on both sides of the design to give a third
dimension feeling with the movement of the colored lines in the material. This
has given good eye movement through the design as a whole and highlighted
the asymmetrical balance. Proportion and proportionality was achieved
through diversity in color and linear areas.
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The third design
(Pic. 7)
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Description of the design

The fourth design
(Pic. 8)

The fabric used in forming “Al Musannaf” is featured with softness despite its
thickness. Thus, it helped in designing a dress depending on the presence of
folds at the chest and abdominal areas and the side. It gave the design lines a
sense of the third dimension. It also helped to cut the longitudinal lines of the
decorative design of the fabric and turn them into slanted lines and circular
curved lines to highlight the female form of the body. The design was based on
the use of a fabric with asymmetric colored lines on the sides, which gave a
chromatic variety between the parts of the design and added unity and
distinction so that there is no diminution distracting the eye from the focus of
the artistic work. The formation of drop-down folds, which ended in cilia-like
shape, also helped to add a motor rhythm to make a path for the eye from the
beginning of the dress to its end.
Description of the design

The fifth design
(Pic. 9)

. The idea of the design was based on the formation of folds leading to the
formation of a stereoscopic rose in the chest area to represent the focus of the
artistic work and help to show the 3D techniques, and reduce the longevity of
the fabric lines and convert them to curved lines and multiple multi-color that
gives a variety and rapid movement rhythm .The material being in the form of
folds on the right shoulder, and the drop-down folds sides of the design are
slanted to reduce the longitude lines. This has added diversity and individuality
to the design to achieve the color and motor rhythm.

Description of the design

The sixth design
(Pic. 10)

Color spaces and lines played the main role in the formed design. The idea
was to form consecutive budding folds using the 3D techniques on the chest
area, alternating between the fabric of “Al Musannaf” with its colored lines and
the plain black color, in order to achieve a variety of color spaces produced also
through the decorative design and texture composition of “Al Musannaf” fabric.
The design of the folds and their concentration in the chest made them the focus
of the artistic work and helped to turn the straight lines of the material into
slanted and curved lines to give a sense of smoothness and flexibility to the
material. The rhythm of the motor design has been completed by forming the
lower part of the design in a stereoscopic manner to give a variety in the
directions of the lines and their shapes and the diversity of the color spaces,
and to make the movement and path of the eye through the design as a whole
and to find a rapid rhythm of movement that gives the feeling of movement and
vitality and riding of boredom.

III. Results and discussions
The researcher formulated the research hypotheses and verified their validity and reliability through evaluating
the implemented designs using the research tools ( The questionnaires ) from the two samples of the research ,the
specialists in the field of clothing and textile and women aged ( 20:40) year-olds.Thereon, the following hypotheses
have been set and their validity and reliability have been verified as follows:
- Results concerned with the first hypothesis: "There are statistically significant differences between
the implemented designs to function the fabric of “Al Musannaf” in the design on the modeling using
3D techniques according to the opinions of the specialists to achieve three aspects (design - the 3D
techniques – function”.
To test this hypothesis, the researcher used the “Kruskal-Wallis” test for differences significance, where the values
of “Kolmogorov-Smirnov Test” to detect the statistically significant distribution of data at the level of significance of
(0.05).The following tables shows the results of the "Kruskal-Wallis" test according to the axes of the questionnaire:

First: Design axis:
5

437

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Tab.1. Results of Chi-square test
Significance vale
0.000

Grades of freedom
5

value of Chi-square
18.50

Volume of the study sample
10

From the previous table, the researcher found that the value of Chi-square was (18.50) with statistical
significance value of (0.000) which is less than the level of significance of 0.01 indicating that there are statistical
differences between the opinions of the specialists regarding the proposed designs for the first axis "design" and to
identify which designs have been mostly favored by the specialists ,the following table was designed to rank these
designs by preference in a descending order according to their advantage from the largest to the smallest according
to the average grade, and the arithmetic averages of the proposed designs.
Tab.2. Average grade for each design according to the opinions of the specialists regarding the proposed designs for the first
axis "Design”
Designs order
Grade average
Design
The first
5
24.80
The second
4
28.90
The third
3
33.00
The fourth
6
22.05
The fifth
1
38.50
The sixth
2
35.75

It is obvious from the previous table that the fifth design came in the first place in terms of the degree of
acceptance of specialists for the proposed designs with an average grade of 38.50, and in the second order in terms
of acceptance grade, the sixth design with an average grade of 35.75, then, the third design came in the third place
with an average grade of (33.00). The second design came in the fourth place with an average grade of
28.90.Eventually, in the fifth place; the first design came with an average grade of 24.80.
Second: The axis of 3D techniques:

Tab.3.Results of Chi-square test
Significance value
0.008

Grades of freedom
5

value of Chi-square
15.53

Volume of the research sample
10

Tab.4. Average grade for each design according to the opinions of the specialists regarding the proposed designs for the
second axis 3D techniques”
Order of designs
Grade average
Design
The first
6
21.10
The second
4
27.05
The third
3
29.08
The fourth
5
24.03
The fifth
1
42.25
The sixth
2
32.25

It is obvious from the previous table that the fifth design came in the first place in terms of the degree of
acceptance of specialists for the proposed designs with an average grade of (42.25). Then came in the second
order in terms of the degree of acceptance, the sixth design with an average grade of (32.25) the second design
came in the fourth place with an average grade of 27.05. In the fifth order, the fourth design came with an average
grade of 24.03. Eventually, in the last place, the first design came with an average grade of 21.10.
Third: Function axis:
Tab.5. Chi-square test results

Significance value
0.0013

Grades of freedom
5

value of Chi-square
14.80

Volume of the research sample
10

Tab.6. Average grade for each design according to the opinions of specialists regarding the proposed designs of the third axis
"Function”
Order of designs
Grade average Design
The first
6
22.45
The second
4
26.40
The third
3
32.25
The fourth
5
23.95
The fifth
1
40.20
The sixth
2
37.55

It is obvious from the previous table that the fifth design came in the first place in terms of the degree of
6
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acceptance of specialists for the proposed designs with an average grade of (40.20). Then, came in the second
place in terms of the degree of acceptance, the sixth design with an average grade of 37.55. Then, the second
design came in the fourth place with an average grade of 26.40. In the fifth place, the fourth design came with an
average grade of 23.95. Eventually, in the last place, the first design came with an average grade of 22.45.
Fourth: The total questionnaire:
Tab.7. Results of Chi-square test

Significance
value
0.000

Grades
freedom

of
5

value of Chi-square

Volume of the research sample

17.89

10

Tab.8. Average grade for each design according to the opinions of specialists regarding the proposed designs in the total
questionnaire
Order of designs
Grade average
Design
The first
6
20.95
The second
4
26.90
The third
3
31.00
The fourth
5
21.55
The fifth
1
43.20
The sixth
2
39.40

It is obvious from the previous table that the fifth design came in the first place in terms of the degree of
acceptance of specialists for the proposed designs with an average grade of (43.20). Then, the sixth design came
in the second order in terms of the degree of acceptance, with an average grade of 39.40.Then; the third design
came in the third place with an average grade of 31.00. The second design came in the fourth place with an
average grade of 26.90. In the fifth place, the fourth design came with an average grade of 21.55. Eventually, in
the last place came the first design with an average grade of 20.95.
This is due to the fact that the fifth design was the best design according to the specialists’ estimations of the
three evaluation axes. The characteristics and aesthetics of “Al Musannaf” were utilized in terms of their surface
appearance, texture composition and softness in spite of their thickness.The first design was the last ranked design
according to the specialists’ estimates, because the material capabilities were not used well, and the design was
not well dropped-down in folds. This is in line with (Armstrong, 2000) statement that the knowledge of different
fabrics helps to design and implement multiple creative ideas. It is by itself a source of inspiration for the designer..
Thus, the first hypothesis of the research is accomplished.
-

Results related to the second hypothesis: "There are statistically significant differences between
the implemented designs to utilize the fabric of “Al Musannaf” in Design on the Modeling using the
3D Techniques according to the opinions of women aged (20: 40) in the achievement of the two
dimensions, the aesthetic and functional”.
To test this hypothesis, the researcher used the “Kruskal-Wallis” test for differences significance, where
the values of “Kolmogorov-Smirnov Test” are to detect the statistically significant distribution of data at the
level of significance of (0.05).The following tables show the results of the "Kruskal-Wallis" test according
to the axes of the questionnaire:
First: Axis of the aesthetic dimension:
Tab.9.Results of Chi-square test
Significance vale
0.00

Freed marks
5

Value of Chi-square
59.00

Volume of the study sample
30

From the previous table, the researcher found that the value of Chi-square was (59.00) with statistical
significance value of (0.000) which is less than the level of significance of 0.01 indicating that there are
statistical differences between the opinions of women regarding the proposed designs for the first axis " the
aesthetic dimension” and to identify which designs have been mostly favored by women ,the following table
was designed to rank these designs by preference in a descending order according to their advantage from
the largest to the smallest according to the average grade, and the arithmetic averages of the proposed
designs.
Tabl.10. Average grade for each design according to the opinions of women regarding the proposed design of the first axis "the
aesthetic dimension”

7
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Order of designs
6
5
3
1
2
4

Grade average
10.50
15.40
35.50
55.60
45.50
25.60

Design
The first
The second
The third
The fourth
The fifth
The sixth

It is obvious from the previous table that the fourth design came in the first place in terms of the degree of
acceptance of women of the proposed designs with an average grade of (55.60). Then came in the second place,
in terms of the degree of acceptance, the fifth design with an average grade of 45.50, The third design came third
with an average grade of (35.50). The sixth design came in the fourth place with an average grade of 25.60. In the
fifth place, the second design came with an average grade of 15.40. Eventually, in the last place, the first design
came with an average grade of 10.50.
Second: Axis of functional dimension:
Tab.11. Results of Chi-square test
Significance vale
0.000

Freed marks
5

Value of Chi-square
57.66

Volume of the study sample
30

Tab.12. Average grade for each design according to the opinions of women regarding the proposed designs of the first axis
"the functional dimension”
Order of designs
Grade average
Design
The first
6
14.50
The second
5
17.40
The third
3
37.80
The fourth
1
52.25
The fifth
2
48.50
The sixth
4
27.50

It is obvious from the previous table that the fourth design came in the first place in terms of the degree of
acceptance of the proposed designs by women at an average grade of (52.25). Then came in the second place in
terms of the degree of acceptance the fifth design with an average grade of (48.50) the third design came third
with an average grade of (37.80). The sixth design came in the fourth place with an average grade of 27.50. In the
fifth place, the second design came with an average grade of 17.40. Eventually, in the last place, the first design
came with an average grade of 14.50.
Third: The total questionnaire:
Tab.13. Results of Chi-square test
Significance value
0.000

Grades
freedom

of

value of Chi-square

5

58.00

Volume of the research sample
30

From the previous table, the researcher found that the value of Chi-square was (58.00) with statistical significance
value of (0.000) which is less than the level of significance of 0.01 indicating that there are statistical differences
between the opinions of women regarding the proposed designs for the total questionnaire and to identify
which designs have been mostly favored by women ,the following table was designed to rank these designs by
preference in a descending order according to their advantage from the largest to the smallest according to the
average grade, and the arithmetic averages of the proposed designs.
Tab.14. Average grade for each design according to the opinions of women regarding the proposed designs in the total
questionnaire
Order of designs
Grade average
Design
The first
6
15.63
The second
5
20.50
The third
3
45.81
The fourth
1
67.41
The fifth
2
58.75
The sixth
4
33.19

It is obvious from the previous table that the fourth design came in the first place in terms of the degree of
acceptance of women of the proposed designs with an average grade of (67.41) and then came in the second
order in terms of acceptance degree, the fifth design with an average grade of (58.75) .The third design came in
the third place with an average grade of 45.81. The sixth design came in the fourth place with an average grade of
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33.19. In the fifth place, the second design came with an average grade of 20.50. Eventually, in the final place, the
first design came with an average grade of 15.63.
This is maybe due to the fact that the fourth design was the best one according to the opinions of women because
it achieved the aesthetic and functional dimensions, that the fabric of “l Musannaf” was a fertile inspiration during
the design with a high and distinctive sense in the formation of the 3D techniques, and thus resulted in designs that
won the admiration of women, followed by the other designs ,even the first design which came in the sixth and last
place and did not get the admiration of women to some extent. This also agrees with the opinions of the specialists,
this is due to the strange design and women’s inability to imagine its shape when wearing it (the first design).
However, in general, the results of the table indicate that women accept most designs to a reasonable degree.
Moreover, the material has a direct effect on the functional aspect of the design form and its suitability for the
purpose for which it was designed. This is line with the study of Ola Youssef (2004) in that the suitability of one
fabric’s draping on the modeling regardless of the other ones is determined according to its characteristics, and
thereon the must-have properties to be available in the final clothing are defined, thus the second hypothesis of
the research is accomplished.
IV. Conclusions
1. It is obvious from the previous results that in that the suitability of one fabric's draping on the modeling
regardless of the other ones is determined according to its characteristics, and thereon the must-have
properties to be available in the final clothing are defined
2. Interest in the study of heritage because of its great importance as a source of modernity as it is an
inexhaustible character of the artist nowadays and at all times.
3. Emphasizing the identity and culture of different peoples through using their heritage in modern products.
4. The attempt to link in the scientific studies between the traditional and modern arts the fields..
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Abstract:
This research aims to access the possibility of using the method of entering the pattern (by camera) on the graphics programs,
including its most famous CorelDraw program, and measuring the final pattern after its print, compared to the original pattern
and access to the use of graphics programs instead of the use of specialized programs, which will have a good return on the
industry and specialized educational institutions economically and financially.The research followed the semi-experimental
approach due to its relevance to achieving the research objectives and hypotheses. The research sample consisted of (3)
arbitrators from the Department of Clothing and Textiles at the Faculty of Home Economics - King Abdul Aziz University and
Helwan University. The estimation scale for the produced pattern was used as a measurement tool to control these
patterns.The study concluded that there were statistically significant differences among the opinions of the arbitrators in the
resulting patterns. The study also concluded the effectiveness of using the method of input (camera) in entering the patterns to
the CorelDraw program.The study recommends directing the results of the research to benefit from the design programs
available at universities as well as directing the results to factories and Small Projects manufacturing ready-made garments to
use these simple programs and proposed methods of input and benefit from the results of the study in the development of the
garment industry, and encourage small enterprises to use these programs so as to achieve the goal of Arab Republic of Egypt
in encouraging small industries with the aim to promote the Egyptian society.
Keywords: patterns-Graphic Programs – Camera

I. Introduction
The importance of the computer lies in its ability to perform various tasks such as computations, data storage
and its retrieval in a short time, and very quickly. It also analyzes and outputs data quickly and accurately. With the
expansion of the production and development of the computer, its use has spread in many fields such as; the
architectural, mechanical, and various types of drawings until it has reached the implementation of the fashion
design and ready-made garments industry, where it has become part and parcel of the designers and painters’ work
in this field with the aim to become able to compete with strength and perfection (Fadel, 2006).The application of
graphics applications has expanded from the tools to help in the performance of the patterns to support these
systems with the "Graphics" program characterized with associated drawing and coloring features to help find
fashion design programs. Companies such as Computer Design Ltd. and others have made use of the progress in
the capabilities of the special tools related to the pattern drawing. Also, they have established integrated systems
specialized in the display of designs treated with fabrics so that the model can be seen next to the original image
(Fadel, 2006).
There are various and plentiful uses of computer applications where it developed many vital and important
activities in the daily lives of individuals, including the field of industry where the computer has been used as a key
tool in the design work of most heavy industries such as aircraft and ship design, etc. The computer was also used
in many fields such as education, scientific research, banking, medicine, military, security, judiciary, journalism and
printing (Charlie C. L. Wang: 2004).CAD system (Computer Aided Design)The 1980s has witnessed the
introduction of the computer as an assisting tool in the design process (CAD), which included design of the model,
the design of the pattern, and its grading, and the planning of the process of interlock of the patterns, along with
determining the cost of the used material for each piece of clothing through the total cost of the material consumed
in the interlock process (John Bell & Steven Elliott: 2001).
Sketches are often used by designers to review their ideas; however, at present, the method has
become slow to keep up with fashion, market demands and mass production.Therefore, companies have
shifted to using the CAD system for fashion design due to its several advantages including the following:
1. An increase of the production and intellectual creativity of the designer.
2. Use of the light pen in the implementation of the graphic on the computer screen to increase innovation and
creativity in the designs.
3. The use of a scanner to transfer shapes, and pictures of fabrics for use later, this is an easy way.
4. Showing the actual materials to be used in the desired model.
5. The possibility of showing the model in several colors and raw materials, as the program contains a large
library of colors and multiple materials that help the designer to blend the colors and raw materials of the
model.
The use of the computer in the production of clothing gives the product the opportmoduley to be at the forefront
of competitors, and through the selection of advanced technological methods that achieve the highest possible level
of productivity, and less consumption of raw materials, and auxiliary materials, thus achieving the highest possible
quality of goods, and minimizing defective or damaged products optimally, thereby achieving the fundamental
objective of the system mechanism.
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Advantages of using CAD:
Thanks to the use of the auxiliary computer program (CAD), production has been increased, production time
has been reduced, innovation has been increased to improve design,and CAD is expressing and emobdying
reducing the cost of samples and covering all the operations needed by operators in the fashion and garment
industry. CAD is expressing and emobdying the ideas of the designer who was tired of the work of many designs
manually for a long time ,as it has provided the designer with libraries and files with many models (Fadel, 2006).
Through the previous review, we conclude that CAD is an essential tool in companies that hope to compete in
the fashion and clothing markets, especially in the mass production markets. CAD programs were previously high in
price but are currently relatively low because of their massive spread. Nevertheless, the owners of small companies
and manufacturers with small budgets still cannot afford them (Ajlan, 2014), and their most important uses include
the following:
1. Model design .
2. Pattern drawing.
3. Pattern grading.
4. Pattern interlocks.
One of the most important stages of CAD use is the pattern drawing process.
Therefore, many companies were interested in the application programs that have an impact on the
advancement of technology in the garment industry. The following is a brief summary of the most prominent of such
companies (Ajlan, 2014):
Gerber
It is a leading global provider of advanced automated manufacturing systems.
Based in: Connecticut, United States of America.
Lectra
It is a world leader in the integrated software technology (CAD / CAM /
Based in: France. Started in 1973.
Investronica
It is specialized in the development of (CIM / CAD / CAM) and systems of clothing and upholstery and
related industries.Based in Spain .It started its activities in 1980.
Assyst
AssystBullmer specializes in computer manufacturing. Based in: Germany
The methods of entering are the most important stages and parts in the modeling industry, they are tools
through which all data and pieces of models that were drawn by hand are placed on different materials (paper, cloth,
plastic, etc.) directly to the computer to be saved, modified, graded and interlocked using one of the specialized
programs mentioned above.
The different input modules have many advantages including:
1. Easy transfer of models for the computer.
2. Transferring the sensitivity of the designer’s use of the normal pen he is accustomed to using in drawing
. 3. Facilitating access to models when needed
4. Preserving the patterns and their data from damage caused by rodents and climatic factors such as
moisture and dust and the like.
5. Saving the space consumed by hand models for storage within the factory.
6. Assisting in modifying any pattern and executing several sizes of it instead of drawing a model for each
size.
7. These modules help to enter the data of the patterns such as the signs of concordance and the names
of models.
There are a variety of input tools, including the following:
Digitizer:
The Digitizer is used to enter the basic parts of the pattern or the pattern parts of the “Base size” model and
the other larger and smaller sizes can be derived using the previously prepared Grade Rule Table (Rizk, 2001).
It has several types. It consists of a signal tool that moves on a rectangular panel of certain dimensions and
enters data by clicking on the tool buttons after moving it to the desired point. Thus, data can be entered and the
dimensions of the drawing or map can be specified. Some commands and some symbolic or numeric data can be
entered by clicking on the sign tool button while turning it on a special part marked with character set or commands
that can be implelemented. (Rizk, 2001).
The Digitizer receives parts of the pattern from one point to another and converts these points into
continuous lines (if no input error occurs) and stores it in the computer's memory. The parts of a pattern concerned
with another model can be recalled and other new design lines can be added to get a new model and lengths and
width can be modified as well as adding or deleting or shifting the location of pins ... etc
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Figure (1) the digitizer used with Gerber program and other most programs

Silhouette Table:
It is one of the modules for entering patternsto the computer and Gerber defined the Silhouette table
produced by the system as an interactive model design used in the garment industry,it is similar to the normal
drawing table.
Its uses:
This table is used in two ways:
. 1.Drawing the pattern with its pen in a similar way to drawing the patterns using the pencil.
2.Tracking the external boundaries of the images using its electronic and thus turning this image into a
digital version on the computer screen to be used for the work of the marker or even saved until needed.
The following picture shows how to use this table in entering the patterns.

Figure (2)Silhouette Table
Features of Silhouette Table:
In addition to the general features of different input modules, this type of input device has the following
features:
1.Fast drawing of patterns.
2.Direct transfer of patternsto the computer.
3.Easy modification of patterns.
4.It works with any designing, grading and nestingpatternsprograms.
: Components of the Silhouette Table
1.An electronic table with length of 123 cm and width of 167.5 cm .It can be drawn on or tracking the
borders of ready images on which this table is placed and mounted on a base of height of 124 cm with wheels for
easy movement from one place to another.
2.A computer connected to the Silhouette table .
3.An electronic drawing pen for the table.
The following image shows the components of this system

Figure (3) Components of Silhouette Table

"AccuScan “the camera”:
It is a high-speed automatic numbering system used in the garment industry to enter the patternsthat were
manually prepared for the computer to be processed and modified .This process of entry is done by:
1. High quality digital camera.
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2. Large-size paper scanner system
Advantages of numbering using this system:
All previously mentioned input patternsadvanatges in general in addition to some of the features singled out
by this system from other different input patterns.The most important of these features include:
1.This system is faster than the other input patternsby 25% - 50% where theinput of the points of the pattern
and its data take place simultaneously.
2.This system is more comfortable than other systems where parts of patterns are installed on a dark .
background color and then one image of all installed pieces is taken simultaneously.
3.The data written on the form will be transmitted as the textile line and the concordance signs will
automatically be recognized by the computer and then put in place.
4.This system is very accurate and the possibility of errors during the numbering is very weak.
5. Patterns that can be entered by this system may be made of any material (paper, plastic, cloth).
6.Since the installation process of models on the dark background color is implemented by using the
magnet, the installation process is easier, as well as the removal process in addition to preserving the patterns from
damage that may be caused by adhesive tape when it is removed.
Components of the AccuScan system:
1. System components using the scanner:
This system works with a dedicated scanner for large-size sheets so that each sample piece can be
scanned thoroughly and the model image is transferred to the computer and thus can be modified and saved.
2. System components using digital camera:
This system consists of the following parts:
1. Background to install the patterns:
This background should preferably be black with light-colored patterns and white with dark colored patterns.
This panel allows the installation of magnets for patterns. The reason for choosing these colors is to clearly highlight
the boundaries of the patterns
2.Magnet parts:
A number of magnets parts are attached to the black panel, where patterns are installed .The key features
of such magnet parts are:
1. Limitation of the chances of losing them as they are stuck to the panel.
2. Preservation of patterns from damage that may be caused by other means of installation such as adhesive
tape.
3. Easy to move from one place to another as well as easy to be installed and removed.
Camera:
This system can work with any high-quality digital camera, and the higher the quality of the camera, the
more obvious the pattern data.
The following image shows the components of this system:

Figure (4) Camera system components

Through studying the capabilities of CorelDraw as a graphics and design program, it has been found that it is
one of the most powerful graphics programs so far. The strength of this program is due to its keeping pace with the
ongoing developments on both the operating systems level, and the software and hardware levels.
This program has now developed to a modern version with new technologies and effects that increase the capability
of this creative program. The new version of this program added the possibility to deal with all Arabic fonts of True
Type.
The results of Shadia Salem 2018 research show that the program was used in the design of the CorelDraw in
the drawing, grading and nesting of the industrial pattern for garments and that the program can perform the
specialized programs tasks in the pattern industry such as the above programs. This led the researcher to study the
possibility of linking a method of entering the specialized programs, the camera with CorelDraw program to make a
complete system of the camera and CorelDraw for the manufacture of the pattern for different garments.
4
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Through the above mentioned review, the problem of the research can be formulated in the following
questions:
Problem of the research:
The problem of the research is formulated in the following questions:
1. How to use the camera as a device to enter the patterns on the CorelDraw program?
2. How effective is connecting the camera to the CorelDraw program in the output of patterns completely
matching, adjusted and exact to the original patterns?
Objectives of the research:
1. Studying the possibility of entering the patterns using the camera into the graphics CorelDraw program.
2. Achieving the effectiveness of connecting the camera to the CorelDraw program in the output of patterns
completely matching, adjusted and exact to the original patterns.
3. Achieving an integrated system for entering, drawing, grading, nesting and printing of the patterns
through the camera, CorelDraw program and the plotter.
Importance of the research:
1. Making the utmost benefit of the design programs available at universities and colleges specialized in
ready-made garments.
2. Directing the results of the research to the factories and small workshops manufacturing ready-made garments to
use these simple programs and the proposed methods of input in the development of the garment industry and
encouraging small enterprises to use these programs, thus achieving the state's goal of encouraging small
industries to promote society.
II. Experimental Set-up and Procedure
Research hypotheses:
1. There are statistically significant differences between the opinions of the arbitrators between the pattern
from the input of patterns with the camera on the CorelDraw program and the original pattern.
2. Effectiveness of the use of the pattern of input (camera) in entering the patterns on the CorelDraw program.
Methodology of the research:
The research followed the semi-experimental approach due to its relevance to the research goals and
objectives.
The sample of the research:
The sample of the research consisted of (3) arbitrators from the Department of Clothing and Textiles,
Faculty of Home Economics - King Abdul Aziz University and Helwan University.
Tools of the research:
The grading scale for the produced patternswas used as a measurement tool to adjust those patterns.
Building the tool of the research:
The estimation Scale:
The researcher designed an estimation scale and was presented to a group of specialized professors at the
Clothing and Textile Department, with the aim to verify the validity and reliability of the content of the scale and its
proposed items, and to express the opinion on the appropriateness of the items of the scale to its content. These
arbitrators had some suggestions to increase some of the phrases and explanations by illustrations in the items of
the scale. The researcher took this into account when writing the scale in its final form. It consisted of four main
axes (front-back-sleeve-collar). Each axis contains a set of items under (6) items for the front, (6) items for the back
(5) items for the sleeve and (4) items for the collar. The scale included a triple-estimation balance whereby there
are three scores for the exact performance, while there are two scores for fairly exact performance, and one mark
for the non-exact performance.
Correcting:
Three program specialists from the Clothing and Textile Department took charge of correcting by marking the rating
that applies to the item on the scale. The marks that were placed in the scale were translated into scores. Three
scores were set for the exact performance, two scores for fairly exact performance, and one score for the
non-exact performance.
AccuScan Input Steps:
Step 1: A T-shirt Pattern is prepared with all its parts showing the complete data.
Step 2: A panel was designed .It is either black when the pattern placed on it is white or transparent with the area
of 160 cm x 160 cm or a white one that contains black squares. The size of the square is 5 cm x 5 cm. In this case,
the pattern is placed on dark-coloured paper.
Step 3: The Pattern is placed on the panel whereby the longitudinal lines of the pattern parallel with the length line
of the panel and the cross lines of the pattern parallel with the latitude of the panel, after ironing the pattern and
correctly spreading it.
Step 4: The pattern was already stuck to the panel using transparent adhesive tape so that it does not appear in
the picture.
Step 5: After that, a digital camera was prepared and placed at a certain distance from the panel and its position is
moved until a clear image of the pattern is obtained.
5
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Step 6: The camera is always installed in this position for other input operations, and a picture of the patterns is
taken from the panel.

Figure (5) Components of the two proposed input methods by the camera

Step 7: The camera was connected to the computer and the image was drawn on the CorelDraw program, bearing
in mind that the image will be relative, in other words the size is not real.
Step 8: Through the tools of the CorelDraw program, a network of boxes of 5 cm x 5 cm was made.
Step 9: The image was enlarged so that the squares in the picture corresponded to the squares in the program
grid and thus we get a real size for the pattern.
Step 10: Using the trace tool, the image was converted to “vector” or “line art”.
Step 11: The pattern is now ready to be used directly in other words, it can be modified, scaled, interlocked and
printed.
Step 12: After the adjustment of the input pattern and verifying the soundness of its parts, it was printed on plotter.
Step 13: The original pattern and the pattern resulting from the input process were presented to the arbitrators
committee so that the compatibility of the resulting pattern with the original pattern can be ascertained through the
estimation scale therefore prepared.

Figure (6) the process of matching the resulting pattern

III. Results and discussions
With the aim to ensure that the research hypotheses were accomplished and in order to conclude the search
results, the following statistical procedures were used:
The first hypothesis:
"There are statistically significant differences between the opinions of the arbitrators between the
patternsresulting from the input of the patternswith the camera on the CorelDraw program and the original
patterns."
To verify this hypothesis, the "T" test was applied. The following table illustrates this:
Table (1) Significance of the differences between the opinions of the arbitrators between the patternsresulting from the
input of the patternswith the camera on the CorelDraw program and the original patterns

Sig. (2-tailed)

t

"df"

"N"

Std. Deviation

arithmetic mean
"M"
63

The opinions of
arbitrators

0.000
Original pattern
.057
In favor of the original
The resulting
4.00
2
3
0.577
61.67
pattern
pattern
Table (1) shows that the value of "T" is equal to "4.00", which is not a statistical significant value at 0.057, where the
average score of the arbitrators of the pattern resulting from the input "61.67", while the average score of the
arbitrators of the original pattern "63”.This indicates that there are no real differences between the original pattern
and the resulting pattern after the input with the camera on the CorelDraw program. That is, the suggested method
of input is effective in producing exact pattern identical with the original pattern.
Thus the first hypothesis was not accomplished and the zero hypothesis is proved stating:
6
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"There are no statistically significant differences between the arbitrators' opinions between the pattern
resulting from the input with the camera on the CorelDraw program and the original pattern. The study of
Curtis A. Vock, Niwot (2015) agrees with this result, the effectiveness of using the camera to capture a clear image
of the body and garments and its input into the computer system.
The second Hypothesis:
"The effectiveness of using the input method (camera) in entering of pattern on the CorelDraw” program.
With the aim to verify the effectiveness of the camera input method for the patterns on the CorelDraw program, the
effect size was calculated and ETA equation was applied
t = value (t) = 4.00,
df = degrees of freedom = 2
n2

t2
=

t2

+ df

= 0.889

By calculating the effect size, it was found that n2 = 0.889
The effect size is determined whether it is large, medium or small, as follows:
1. The effect size is small if it is 0.06 ˃η² ˃0.01
2. The effect size is average if it is 0.06 ˃ ² η ˃ 0.14
3. The effect size is significant if it is η²˃0.14
From the above, it is clear that the effect size is 0.889. This means that the effect size is significant and thus
proves the effectiveness of using the camera as an input method of patterns on the CorelDraw program, and thus
the second hypothesis is accomplished.
IV. Conclusions
- It is obvious from the previous results that the use of the camera in the input of patterns of clothing proved to be
effective and that the resulting patterns correspond to a large extent with the original patterns.
- The results of this research and the results of the study of Shadia Salem 2018 show that an integrated system
has been produced for CAD from the input method, which is the camera and the CorelDraw program in drawing,
grading, nesting patterns and sending them to the plotter for printing.
- The idea will be registered by publishing this research as well as its registration as a distinct idea.
- Trying to conduct other studies and researches investigating the effectiveness of the use of other methods of
input with CorelDraw program in the input of clothing models.
- Trying to benefit from the features of the graphic programs in the manufacturing of the pattern and economizing
the purchase of the too expensive specialized programs.
- Providing the faculties, institutes, factories and small workshops specialized in the manufacturing of garments
with the results of this research.
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Abstract
Nanocomposites can be defined as materials that gather nanosize particles or nanosize materials with standard materials.
Nanocomposites containing polymer matrix and conducting polymer are novel materials that benefit from the snergy between
conducting parts and polymer chains. Polymer nanocomposites have been proposed or are being used fro numerous
applications ranging from car bumpers to advanced optoelectronic devices such as organic photovoltaics. In this sudy,
importance of nanocomposites in nanotechnology were emphasized. Polymers and conducting polymers which were used to
generate polymer nanocomposites were dealed and examples of energy applications of different polymer nanocomposites were
explained. As a conclusion, it can be said that polymer nanocomposites consisting conducting polymers are crucial materials for
solar cells, photovoltaic fibers, conductive layers, memory devices, thermoelectric devices, EMI shielding applications,
aerospace applications, portable electronic devices and smart fabrics.
Keywords
Polymer nanocomposites, conductive polymers, energy applications

I.Introduction
Nanotechnology is the creation, production, characterization and application of materials on the order of 0,1-100
nanometer dimensions. Due to their nano dimensions, nanomaterials exhibit unique chemical, physical, biological,
mechanical etc. features. Get inspired from the advantages of nanotechnology, scientists and engineers are willing
to produce materials combining the properties of conventional materials and great functions of nanoscience. By the
way, the term nanocomposite has come into prominence (Thosteshon et al, 2005).
Combining reinforcing fillers, fibers or conducting polymers with polymer matrices enhances chemical, mechanical
and thermal features of the end-product. Incorporation of conducting polymers into polymer structures and so
generating a nanocomposite reveales novel and multifunctional properties. For instance; when conjugated polymers
are generally instable in air and it is not easy to prepare films, producing films and making them stable is possible
when they are used in nanocomposite form (Sarac, 2016).
The mostly utilized conjugated polymers are polyacetylene, polypyrrole, polythiophene, polyaniline and their
derivatives, showing strong UV-Vis. absorptions in visible region. These conjugated polymers have small
conductivity in their neutral state, however, when they are doped, their conductivity can be higher than 1 S/cm. In
order to enhance the processability and performance of the conjugated polymers, they have to be nanostructured.
For example; using the nanocomposite composed of poly(alkylthiophene) and a fullerene for solar cell fabrication,
high efficiencies in energy conversion can be achieved (Sarac, 2016).
In terms of solar energy applications, polymer nanocomposites that are prepared by intercalation of the polymer,
direct mixture of polymer and particles, in-situ polymerization and sol-gel process are used in photoactive layers, in
protective layers and surface of the solar panels (Schmid et al., 2017). In addition, polymer nanocomposites for
energy storage materials provides various advantages, such as high active surface areas, electron transport and
capacitance as electrode materials, fuel cells and lithium ion batteries (Wei et al., 2015).
In this paper, nanocomposites, polymer and conductive polymer nanocomposites were investigated and explained
in detail. Moreover, usage of polymer nanocomposites in solar cells, photovoltaic fibers, conductive layers, memory
devices, thermoelectric devices, EMI shielding applications, aerospace applications, portable electronic devices and
smart fabrics were emphasized.
II. Nanocomposites
Nanocomposites can be defined as the unique materials that combine the mechanical, thermal and electrical
properties of nanosize materials and conventional materials (Garces et al, 2000). Nanocomposites are of great
interest since their potential usage in many applications and they are attracting great investments (Dufresne, 2010).
For example; nanocomposites consisting colored colloids, produced from poly (vinyl alcohol) and gold, can be
1
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treated as color filters. According to the color of the gold colloids, the nanocomposites appeared in transmission
pink at 16 nm, purple at 43 nm, and blue at 79 nm. Polymers often undergo unwanted reactions when subjected to
ultraviolet light. Therefore, some properties like optical or mechanical can be affected by UV irradiation. In order to
eliminate these drawbacks, nanocomposites of ZnO, statistical copolymer of ethylene and vinyl acetate (EVA) were
produced. It was observed that the fabricated nanocomposites absorbed UV light up to 370-380 nm while light loss
by scattering was virtually absent in the visible wavelength range. Dichroism can be produced by drawing of the
respective isotropic nanocomposites. Dichroic nanocomposites can be produced from both natural polymers and
synthetic polymers, especially poly(vinyl alcohol) and polyethylene. Nanocomposites with nonlinear optical
properties can also be synthesized by using gold particles. For this reason, gold particles were dispersed in a
poly(phenylmethylsilane) solution and then polymerized with a radical initiator. The obtained samples can be used
as metarials with nonlinear optical properties for wavelength manipulation.Incorporation of inorganic nanoparticles
with extreme refractive indices in organic polymers allowed to achieve composite materials with outstanding
refractive indices that couldn’t be obtained by conventional organic polymers (Caseri, 2006).
Nanocomposites can be classified in a wide range as organic-organic, inorganic-inorganic, polymeric
nanocomposites etc. In general, two classes of constituent materials which are matrix and reinforcement exist in
the composite. According to the type of matrix, nanocomposites can be classified into ceramic matrix, metal matrix
and polymer matrix nanocomposites (Leng and Lau, 2017).
Polymer nanocomposites are generally composed of polymer matrix and fiber. The properties of a polymer
nanocomposite is considerably dependent on the molecular structure and processing history of the polymer. In order
to achieve the desired functionalities, the type of the polymer matrix can be changed or combined with other
materials. Conducting polymers are the materials used in the polymer nanocomposites in order to obtain high
electrical conductivity and novel properties (Crossby and Lee, 2007).
III. Conductive Polymer Nanocomposites
All materials contain electrons and conductivity exactly depends on the number of electrons and their mobility. In
order to become electrically conductive, the electrons of polymer need to be free to move and not bound to the
atoms. Conducting polymers can be examined under the classification of electron-conducting polymers, protonconducting polymers and ion-conducting polymers (Eftekhari, 2010; Patil, 2000; Walton, 1990).
Polyacetylene, poly(p-phenylene), polypyrrole, polythiophene, polyaniline and their derivatives are the examples of
conjugated conducting polymers (Bakshki and Bhalla, 2004).
Studies on polythiophene, aromatic structure with five membered rings, and its derivatives have come out over the
last three decades. Polythiophene has rigid backbone thus like many other linear polyaromatic structures it is
insoluble in organic solvents. It has good thermal and chemical stability.In order to make the polymer soluble it is
necessary to exchanging in the 3 and/or 4 position. It has been said that with the substitution in the 3 position, lots
of different regioisomers can be obtained. Regioregularity is a siginificant case that all changes the polymer
chemistry and exist even in polystrene and poly(methyl methacrylate) which are simple linear polymers (Walton,
1990).
In 1980s, Poly (3,4 ethylenedioxythiophene) (PEDOT) which is a derivative of polythiophene has been popular with
its applications. Since PEDOT exhibits high conductivity, lower oxidation potential compared to the other
polythiophenes, high stability at the doped state, low band gap, it is preferred for many applications. Not only PEDOT
but also other polythiophene derivatives with their nanofiber and nanocomposite form are considerably chosen for
the application of organic electronics and energy applications due to the high surface area. For instance; ElAufy,
studied PEDOT/PSS nanofibers and nanocomposites using polyacrylonitrile (PAN) as a spinnable carrier for
PEDOT/PSS (Wu, 2011; Kim et al, 2009).
Single walled carbon nanotubes (SWCNTs) can also be successfully integrated into PEDOT/PAN blend and
electrospun together in the aim of developing functions of electrospun yarn produced without SWCNT. PEDOT/PAN
nanofibres can be used as an attractive material for wearable electronics (Ruckenstein, 1991).
Poly(3-hexylthiophene) is generally used in organic electronics specifically in photovoltaic devices. It can be used
for the production of photovoltaic devices both in pure and association with polyethyleneoxide. Uniform regioregular
poly(3-hexylthiophene) nanofibers and their composites with polycaprolactone was also studied by Lee.
Furthermore, using polymethylmethacrylate as a core and poly(3-hexylthiophene) as a shell electropsun sensory
fibers were produced by Kuo and coworkers (Bhatt et al, 2014).
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IV. Polymer Nanocomposites in Energy Applications
MWCNTs were dispersed in PEDOT:PSS solution to enhance the conductivity and dip-coated on a conventional
textile fiber to form electrode layer for photovoltaic fiber application (Figure 1). The polymer nanocomposite layer
was contributed to conductivity and power conversion efficiency (Borazan et al., 2015).

Figure 1. The schematic view of the photovoltaic fiber with PNCs employed electrode (Reprinted from Borazan et al., 2015).

In a literature review of carboneous materials as nanofillers in energy applications, SWNTs were used to light
harvest and charge transport in the photoactive layer (Figure 2) and transparent conductive layer (Figure 2) outside
the photoactive layer (Jeon et al., 2018).

Figure 2. A schematic view of the studies where SWNTs used as charge transporters in solar cells (left image) and as
transparent electrode (right image) (Reprinted from Jeon et al., 2018).

In another study, a polymer nanocomposite of Au nanoparticles embedded in a poly(methylmethacrylate) (PMMA)
layer on a polymer nanocomposite layer composed of PEDOT:PSS/Ag nanowire formed a hybrid electrode for
flexible non-volatile memory devices seen in Figure 3 (Sung et al., 2017).

Figure 3. Schematic cross-sectional view of the nonvolatile memory device made of hybrid electrode (Reprinted from Kim et
al., 2016).

Other than solar cells, SiC nanowires were mixed with PEDOT:PSS solution to enhance thermal conductivity for
thermoelectric device applications. A flexible thermoelectric generating device (Figure 4) was reported by the
researchers and compared with SWNT, graphene and other inorganic nanofillers (Wang et al., 2018).
MWCNTs in a PLA matrix were dispersed and 3D printed as scaffold structures for EMI shielding applications. The
printing ink was produced to be compatible for directly printing from the ink formation. This study was reported as a
first 3D printed systematic study on EMI shielding. The transparent structures were emphasized to be applicable in
aerospace systems, portable electronic devices or smart fabrics (Chizari et al., 2017).
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Figure 4. Schematic diagram of flexible thermoelectric generator (Reprinted from Xu et al., 2018).

V. Conclusion
In this study, the importance of nanotechnology, existence of nanocomposites, nanocomposite classification,
polymers used in order to generate nanocomposites were examined and explained in detail. In addition, conductive
polymer nanocomposites are given in a separate part and some conductive polymers like carbon nanotubes,
polythiophene and polythiophene derivatives were mentioned. It was observed that polymer nanocomposites
consisting conducting polymers are crucial materials for many applications like solar cells, photovoltaic fibers,
conductive layers, memory devices, thermoelectric devices, EMI shielding applications, aerospace applications,
portable electronic devices and smart fabrics.
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Abstract:
β-cyclodextrins (β-CDs) are cyclic oligosaccharides containing seven units of D-glucose with glucopyranose. They are
produced during the destruction of starch by the CGTase enzyme. In recent years, cyclodextrins have become important for
textile finishing as by attaching of CD molecules on textile substrate, the hosting cavities could be provided onto the surface of
cellulose. So a large variety of guest molecules can be included for specific functionality. However, β-CDs cannot form a direct
covalent bond with textile materials. Thus, permanent fixation of cyclodextrins onto fibers is one of the attractive possibilities of
chemical modification of textile materials. In this study in order to create immobilized β-cyclodextrins on cellulose using steric
bonds, polycarboxcylic acids (acrylic acid, citric acid and 1,2,3,4-butane tetra carboxylic acid) were applied as the crosslinking
agents and optimal conditions was demonstrated using response surface method (RSM). The presence of CDs onto the surface
was investigated by decreasing of absorbance of phenolphthalein. Accessibility to the cavity was determined by uploading the
guest molecules (BZCl and cyclohexane) and releasing of these molecules. The results showed that the highest fixation rate of
β-cyclodextrins on cotton has been achieved using citric acid and the best performance (loading efficiency) provides by use
combination of all three crosslink agents.
Keywords:

β-cyclodextrins, Cotton, Molecular Encapsulation, Guest molecules, Uploading and releasing.

I. Introduction
Cyclodextrins (CDs) are macrocyclic compounds built from D-glucose units (Szejtli, 1988) and due to the
hydrophilic exterior and hydrophobic interior of the cavity of these compounds (Dodziuk, 2006), CDs can
incorporate a variety of hydrophobic compounds in their cavities, via host-guest complexation (Szejtli, 1982). Such
powerful capability of CDs can be more interested in new fabrics, characterized by specific physicochemical
properties through the formation of physical and chemical bonds between CDs and different fibers (Buschmann, et
al., 2001; Szejtli, 2003; Del Valle, 2003). In order to achieve this goal, some reactive cyclodextrins such as
monochlorotriazinyl-β-cyclodextrin (MCT-CD) (Buschmann, et al., 1988; Reuscher, et al., 1998; Schmidt, et al.,
2005), acrylamidomethylated β-cyclodextrin and cyclodextrin itaconate (CDI) have been applied in textile industries
(Nazi, et al., 2012). Another comparable fixation was reported using a third molecule such as polymers or
crosslinking agent as a kind of intermediate between fiber and cyclodextrin (El Shafei, et al., 2010).
In this research, polycarboxylic acids were used for anchoring β-cyclodextrin (CD) onto the surface of cotton fabric
and the accessibility to the cavity of CD were estimated by uploading and releasing two guest molecules.
II. Experimental Set-up and Procedure
Polycarboxcylic acids such as acrylic acid (AA), citric acid (CA) and 1,2,3,4-butane tetra carboxylic acid (BTCA)
were used as the crosslinking agents for bonding CD to cellulosic fibers. Response surface method (RSM) was
applied for the experimental design and optimal conditions (Nazi, et al., 2012) were demonstrated by this method.
The samples were immersed in solutions and after padding and drying, the fixation was prepared at different
temperatures and times.
III. Analysis
The graft yield (%), tensile properties (tensile strength and elongation at break) and wrinkle recovery (WRA) of
modified cotton fabrics were measured according to the standard methods.
The presence of CDI was shown by the ability of phenolphthalein to form inclusion complexes with -CD and its
derivatives based on complex formation causing a decrease in the absorption of light.
Accessible content of cyclodextrin on the modified fabrics was determined by the complex reaction with CD and
1
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cyclohexane as a volatile guest on its cavity and measuring the amount of the released guest via gas
chromatography (GC). Because cyclohexane is a hydrophobic compound and evaporates easily at room
temperature, evaporated cyclohexane molecules can be entrapped in the cavity of CDs on the surface of modified
fabric. In addition access to the cavity in liquid phase (Garcia-Fernandez, et al., 2013) was investigated by BZCl.
IV. Results and discussions
The results show that crosslink of CD and polycarboxylic acid with cellulose because CDs have a much larger
molecular size than other vinyl monomers when passing through small cellulose microfibril pores and their
penetration into the amorphous region of the cellulose is less probable. Moreover, based on the low graft yield
obtained for the different procedures for surface modification, it seems that in the pad-thermofixation procedure,
due to the limited number of monomers on the surface, there were partial monomer aggregations capable of cross
linking of CD with acrylic acid, although polymerisation of BTCA and CA in this process increase the probability of
graft yield and anchoring of CD to cellulosic chains.
It was found that, despite a reduction in the mechanical strength and wrinkling ability due to the crosslinking
process, grafting of CD with polycarboxylic acid can improve the performance of the samples. In addition, the
results of the absorbance intensity of phenolphthalein solution at 550 nm show the presence of CD on the modified
cotton surface due to the formation of phenolphthalein inclusion complexes in the cavity of the CD. Therefore, the
characterisation results of the modified fabrics suggest that the application of CD via these procedures can
improve the performance of cotton fabrics.
The treated samples were uploading with BZCl for 6 hr and releasing of the molecules guest at different times were
determined. Fig. 1 shows the amount of releasing BZCl for the different modified cotton fabrics. In addition
cyclohexane was uploaded in the cavity of CD crosslinkes to cotton fabric in gas phase and the amount of CD was
calculated for the amount of released cyclohexane which identified by GC (fig. 2).
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Fig. 1: releasing of BZCl from modified cellulose fabrics in liquid phase
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Fig. 2: the amount of cyclodextrin determined from releasing cyclohexane in gas phase
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V. Conclusions
The parameters such as temperature, time, concentration of CD and concentration of crosslinking agent could
effect on the graft yield of cyclodextrin onto the surface of cotton fabric. The optimal conditions for each
crosslinking agent are determined and the accessibility to the cavity of CD was investigated in two phase of liquid
and gas. The results showed that the release of guest molecules at primary periods were fast and after 24 hours it
would be constant. In addition, by investigation the behavior of uploading and releasing of hydrophilic molecules
such as cyclohexane in gas phase, determination of the amount of CD onto the surface and the accessibility to its
cavity is possible.
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Abstract:
In addition to the treatment of water, the filtration of exhaust air in sewage treatment plants and pumping stations is of great
importance. The treated wastewater exhales hydrogen sulphide gas, which not only smells bad of rotten eggs, but is harmful to
health at high concentrations. To solve this problem currently bark mulch filters are used, which are about as large as a small
ship's container. These filters often settle and can only be handled with cranes. The Institut für Textiltechnik der RWTH
University, together with the company UNITECHNICS KG, Schwerin, develops a highly effective and easy-to-handle filter
system. The goal is achieved by the use of a textile filter medium (nonwoven), which is particularly well suited due to its large
surface. The nonwoven is doped with iron oxide, whereby the hydrogen sulphide can be chemically neutralized. A filter that is
one-tenth the size of a conventional filter can be implemented. The development within the project "Reaktivfilter" includes not
only the filter medium itself, but also a test bench on a laboratory scale, a sensor for performance monitoring and a box for use
under real conditions.
Keywords:

Reactive filtration, hydrogen sulfide, air, nonwoven

I. Introduction
Not only water treatment but also filtration of waste air is an important process in waste water treatment plants.
Hydrogen sulfide (H2S) is released during waste water treatment. For reasons of health, it has to be filtered from
exhaust air. The disadvantage of the currently used bio-filter system is its huge volume. As a result, difficult
handling is required for maintenance, leading to enormous costs for the operator. Furthermore, performance
monitoring of exhaust air filters is not implemented at the moment.
Within the project “Reaktivfilter” the Institut für Textiltechnik (ITA) of the RWTH Aachen University in cooperation
with UNITECHNICS KG is developing a controllable, compact filter system which will be used to remove H 2S from
exhaust air. The project approach is shown in Figure 1.

Fig. 1: approach of the project “Reaktivfilter”

The idea is to attach a reactive substance to a carrier material. While in contact with exhaust air, toxins will get
neutralised. For this purpose, different filter media are developed and the most effective one will be chosen.
Therefore, a test stand is prepared to measure the filters’ efficiency and resistance. Moreover, an easy to handle
filter box is constructed containing filter segments. A sacrificial sensor is developed and included into the box to
control the performance of the filter.
II. Filter media production
The new filter system for hydrogen sulfide filtration from exhaust air is based on the fitration method of catalytic
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oxidation. The pollutants react on the surface of the catalyst with a further chemical element or compound. The
reactive substance is iron oxide (Fe2O3). The chemical sorption and reaction of hydrogen sulfide (H2S) with Fe2O3
is described in the following reaction equation:
Fe2O3 + H2S → Fe2S3 + H2O
By the addition of oxygen (O2) and water (H2O), the ironsulfide (Fe2S3) formed can subsequently be converted
back into iron oxide and elemental sulfur (S).
Fe2S3 + 3/2 O2 + H2O → Fe2O3 + 3 S
As a result the sulphide odor can be neutralized. Based on the principle of catalytic oxidation, three filter media are
developed.
In a first approach a nonwoven filter medium is developed from fibres made of polylactide acid (PLA). Nonwovens
can be produced in a cost-effective way and are used for filters in numerous fields of application. Especially for
reactive filtration, nonwovens are very suitable because of their high volume-specific surface. PLA is an
environmentally friendly material due to its biodegradability. The filter effect results from decomposition of the used
carrier material PLA. When PLA comes in contact with H2S and water, it releases the reactive substance
continuously. To implement this filter medium three processes have to be set up (Figure 2).

Twin-screw extruder

Meltspinning

Pilot Airlay

Extruder

Air
Godets
Fine opener
Filament-yarn

Screen
Suction

Winder

Fig. 2: production of a nonwoven made of compound from PLA and Fe 2O3

First, a compound from PLA and Fe2O3 is produced on a twin screw extruder. By variation of the particle sizes three
different compounds are made and tested. Second, a melt spinning process for filament yarn from PLA and
compounded reactive particles is developed. This development is successful and a yarn with 5 % Fe 2O3-content is
spun at a production speed of 800 m/min. After cutting the yarn a nonwoven is produced on a pilot airlay machine.
PLA/PP-Fe2O3 webs are produced in an airlay process and consolidated by needle punching. Specimens of 15 x
15 cm are prepared for measurement in a test-bench (Figure 3)
.

a)

b)

Fig. 3: a) PLA/PP-Fe2O3 staple fibres b) Needled PLA/PP-Fe2O3 nonwoven

In addition to the insertion of reactive particles into the polymer, activation by coating of the carrier material is
examined as second approach.
2
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In the second approach a nonwoven filter medium is developed using a commercial nonwoven for filter
applications that is coated with Fe2O3. A foulard is used for the coating process (Figure 4).

Fig. 4: production of nonwoven with Fe2O3-coating

For this purpose, a nonwoven fabric made from polyester passes through an immersion bath with a suspension of
the reactive substance. It is dried in an oven and cut into pieces. The challenge is to develop a suspension that is
processible. Therefore, suspensions are prepared based on water, ethanol and starch. All lead to a similar result. A
high particle concentration leads to clumping while a low concentration produces an incomplete dissolution. A
processible suspension cannot be realised.
As an alternative a manual dry coating is applied. Specimens of dry coated nonwovens are produced using
Fe2O3-compounds with three different particle sizes (Figure 5).

Fig. 5: samples of a dry coated nonwoven with Fe2O3-particles

In a third approach Fe2O3-coated spheres are developed as a non-textile filter medium (Figure 6). The spheres
have a diameter about 5 mm. A support material is used for the preparation of coating suspension. The spheres
are coated in a bath with a continuous circulation of suspension and heat supply. This media is sucsessfully
realised.

Fe2O3

Fig. 6: spheres coated with Fe2O3

III. Test method
The testing of the filter media is conducted in two scales. A pretesting of all media is made in laboratory scale on a
self-developed test-bench using small filter samples and short testing times. Thereafter the best medium is chosen
and tested under real conditions using a 1 m³ filter-box filled with filtration material for a couple of days. The
test-bench developed for laboratory scale test is shown in Figure 7 and 8.
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Filter medium
Inflow Pressure sensor

Outflow Pressure sensor

Inflow H2S sensor

Outflow H2S sensor

Inflow

Outflow

Fig. 7: setup of the test-bench

The main part of the test-bench consists of a device for clamping the filter medium, two sensors to measure the
H2S concentration and two sensors to measure the pressure. Thereby the inflow and outflow of gas can be
measured and conclusions about the filter efficiency and filter resitance can be drawn. The whole test environment
consists of further components that are shown in Figure 8.
Compressor

Gas-bottle
containing
test gas

Test-bench

Inflow
Storage tank
Outflow
Storage tank
Fig. 8: setup of the test environment

The filter box for real enivornment testing is developed during this project as well. It is shown in Figure 9.
Exchangable filter segments make this fitration system very flexible and therefore easy adaptable to different
filtration conditions.

Clean air
Exchangable
Filter segments

Filter box

Filter box

Wear-level
sensor

Exhaust
air

Exhaust
air
Fig. 9: filter box for real enivornment testing

IV. Results
In laboratory scale the most efficient filter medium is the coated nonwoven. It allows 100 % filtration almost. The
PLA nonwoven with integrated Fe2O3-particles is as good as the coated spheres with a filtration result of 54 %. The
resulting test diagram for the coated nonwoven is shown in Figure 10.
4
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H2S-load LH [%]

300%

Coated nonwoven

250%
200%

Inflow

150%
100%

Outflow

50%
0%

0

120

240
360
Test time t [sec]

480

600

Fig. 10: resulting diagram of laboratory scale test of the coated nonwoven

The measurement functions are described by relative loading of the air with H 2S and the measurement time. The
filter output can be determined from the difference between the curves of the supply and exhaust air flow. The peak
at the end of the measurement time is an error due to insufficient pressure difference and should not be taken
under consideration.
Due to the good filtration results of the coated nonwoven, first filtration tests with the developed 1 m³ fitration box
are conducted. The results are shown in Figure 11.

Filterbox Trails
160

H2S- Emission [ppm]

140
120

100
80
60
40
20
0
06.09.17 08.09.17 10.09.17 12.09.17 14.09.17 16.09.17 18.09.17 20.09.17 22.09.17 24.09.17 26.09.17

Time t [days]
Inflow
Outflow

Fig. 11: resulting diagram of filtration box test using coated nonwovens as filtration medium

The diagram shows the H2S emission of inflow and outflow over a couple of days. The average filter performance
is about 55 %.
V. Conclusions
Within the project “Reaktivfilter”, it is shown that the coated nonwovens represent a promising approach for the
reactive filtration of exhaust air. A reduction of the filter volume from 10 m³ to 1 m³ appears to be possible. In the
further course of the project, further tests on the effectivity of the filter in the real environment are carried out and
the sacrificial wire sensor is tested for monitoring the filter system.
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Abstract:
Nowadays, the desire to curiosity and discovery of human being concentrates mainly on space; we can also see studies
focusing on space life in addition to work done with the space and its environment. Although textile firstly functioned to meet the
need of covering people for clothing purpose, later the formation of high performance textile products has begun by directing the
technology for exploration and development. More recently, the human being is aiming to establish a colony on Mars in 2030 to
realize his dreams. So, properties such as lightness, ergonomics, UV protection, high strength and corrosion, high abrasion
resistance, flammability and high dynamic deformation are required in materials that are used to provide suitable living
conditions in space wear. Hence, it is necessary to work with all branches of science such as physics, mathematics, material
science, textiles, computer, electronics, biology, and mechanics. Therefore, materials such as composite, coating, lamination
and braiding are preferred mostly due to technical and economic reasons. In this study; PBI, PEEK, PEKK, Vectran and Boron
fibers which provide the desired high performance properties during the construction of these textile materials for the space
suits are conferred.
Keywords:

PBI, PEEK, Vectran, Boron, PEKK, space suit

I. Introduction
The first space suits were introduced during 1950s when space exploration began and since then they have
well progressed according to the technological improvements have been made in areas of materials,
electronics and textiles. Overtime, they became more functional and complicated. Today, there are quite a lot
space suits made by US, Russia and China. In this paper, a space suit assembly which is known as EMU
(Extravehicular Mobility Unit) is firstly shown with its layers and parts in Figure 1 and later some of the fibres
that are used within the EMU are introduced.

Fig. 1:Cross-section of an EMU

A space suit is designed to re-create the environmental conditions of Earth’s atmosphere during the space
shuttle missions. Therefore, space suits have a vital role in protection of astronaut’s life during the tasks; they
protect the astronauts from the harsh environment of space i.e. cold, heat, micrometeoroids, chemicals and
pressure variations. As there is no atmospheric pressure or oxygen in space to su stain life, astronauts wear
space suits assembly outside the space shuttle, in the vacuum. EMU contains many individual components as
seen in Figure 1 and is in white colour to reflect the sunlight.
1
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II. Some Fibers in Space Suit
In this section, some high-tech fibres which are used in space suits are briefly introduced.
II.I. Boron
Boron is a ubiquitous element in rocks, soil, and water. Thus boron minerals, which are potentially useful in virtually
every area of industry, can be characterized as a basic industrial raw material such as in textile industry. Boron
fibers (see Figure 2) were one of high-strength, high-modulus, large diameter reinforcing fibers developed for
advanced aerospace applications. It is expensive, compared to graphite fiber and DuPont's Kevlar™ fiber. The
properties of boron fibers are given in Table 1.
Tab.1. Properties of boron fiber (with tungsten, core)
Fiber Diameter
Property, units

100 µm

140 µm

200 µm

Tensile Strength, MPa

3450

3450

3450

Tensile Modulus, GPa

400

400

400

4.9X10 -6

4.9X10 -6

4.9X10 -6

2.61

2.47

2.39

Coefficient of thermal
expansion, m/m/ oC
Density, g/cm3

Fig. 2: Boron fiber

It has been found a number of applications in the military, aerospace, and commercial sporting goods markets
because of boron's unique combination of mechanical specialty. In these applications, boron fiber has
conventionally been used as a local or hybrid reinforcement to provide additional strength or stiffness in areas
subject to high stress (Buck & Dorf, 1995). Additionally, it is used for flame retardant textile material because of
property that boron suppresses combustion by sealing the surface of the burning material and blocking its contact
with oxygen.
II.II. PBI
Polybenzimidazole (PBI) fiber has been commericlaly produced since 1983. It has a unique high temperature with
a nonmelting and nonburning, high moisture regain properties which makes PBI an important fibre for the layers in
space suits PBI multifilament and staple fibers used in several space programs; for example multifilament fibers
were used in tethers, belts and restraints in the Apollo program in NASA. Staple fibers were used in the Space
Shuttle program. Since 2016, NASA also uses PBI in the insulating compound for the reusable and largest solid
fuel roclet motor ever built for flights. PBI (poly(2,2’-m-phenylene-5,5’-bibenzimidazole)) is occurred by the reaction
of tetraaminobiphenyl and diphenylisophthalate in a two-stage, high temperature reaction applied in an inert
atmosphere. There are various type of density for the PBI such as 1.30 - 1.43 g / cm 3 (Fung & Hardcastle, 2001;
Hearle & Fibres, 2001). The tensile strength is around 240-270 cN / tex (Mather & Wardman, 2011) and its fineness
is ranging from 2.7-3.1 g/denier, while the elongation at break is about 28-30% (Kalaycı, Avinç, & Yavaş, 2014).
PBI (Figure 3) has a superior stability in flame and high temperature environments. It is highly resistant to heat
owing to its high stability and its melting temperature above 400 oC. PBI fibers maintain their structure and strength
up to 300oC (Fung & Hardcastle, 2001). While harmful gas production occurs at temperatures higher than 560 °C,
the fibers show only 10% shrinkage at 600 ° C (Coffin, Serad, Hicks, & Montgomery, 1982).
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Fig. 3:PBI fiber

It has emerged as a specialty fiber with unique thermal, chemical, and textile properties that are useful in a variety
of critical performance applications. PBI was firstly introduced in the space program for fabrication of brake
parachutes, tether lines, and non-flammable protective suits for astronauts (Fung & Hardcastle, 2001) and
nowadays it has been widely used in aerospace and in space suits.
II.III. PEEK (Polyetheretherketone)
Polyether ether ketone (PEEK) is a high performance thermoplastic fiber and is generally used with glass, carbon
or Kevlar. Because its melting temperature is around 343 Co it is known as high temperature resistant fibre and
hence it makes it possible to use in space suits. The fiber chemical structure is C19H12O3 (Zeng & Netravali, 2006).
PEEK fibre (Figure 4) generally is used with reinforced fibres due to its combination of superior thermo-mechanical
properties and a combination of friction and abrasion properties (Hanchi & Eiss Jr, 1997). Materials made of PEEK
have also highly biocompatible properties. Table 2 presents physical and mechanic properties of the PEEK.

Fig. 4:PEEK fiber
Tab.2. PEEK Physical and Mechanical Properties (Wang, Lin, Stark, & Dumbleton, 1999)

Density (g/cm3)

1.30

Tensile Modulus (GPa)

3.80

Tensile Strength (MPa)

240

Flexural Modulus (GPa)

8.9

Flexural Strenght (MPa)

230.7

Glass Transition Temperature (Tg)

143oC

Melting Temperature (Tm)

343oC

3
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PEEK also has resistant to chemical and biological actions and therefore is preferred in the production of flame
protective clothing with carbon, aramid and PBI (Horrocks & Anand, 2002).
II.IV. PEKK (Polyetherketoneketone)
The global poly ether-ketone-ketone (PEKK) market was 58.27 Million USD in 2016 and is expected to grow at an
average growth rate of 6.47% from 2016 to 2022. PEKK belongs to a family of synthetic linear homopolymers
known as PAEK (Poly Aryl Ether Ketone). The PEKK is mainly used in aerospace, automotive industry and medical
industry. With the development of 3D printing technology, there will be an increasing demand of PEKK in the next
few years. PEKK has excellent chemical resistance, low moisture absorption and flammability, high temperature
stability combined with good processability, supplied by Du Pont laboratories (Marin-Franch, Martin, Tunnicliffe, &
Das-Gupta, 2002). Its crystallinity is low; for example is close to 40% maximum. Table 3 presents physical
properties of the PEKK and its cross section is given in Figure 5.

Tab.3. Physical Properties of PEKK
Density (g/cm3)

1.27

Tensile Strength (MPa)

300

Glass Transition Temperature (Tg)

154oC

Melting Temperature (Tm)

304oC

Pyrolysis Temperature

550oC

Fig. 5:PEKK fiber

II.V. VectranTM
Polyarylate fibers are high performance multifilament yarns spun from liquid crystalline polymers (LCP's) . The only
commercially available melt-spun LCP is Vectra® which was first introduced in the mid-1980's and later film or fiber
form was commerciallized as Vectran (Menczel, Collins, & Saw, 1997). It presents exceptional strength and rigidity;
for example, five times stronger than steel and ten times stronger than aluminum. Vectran ® produced using liquid
crystal polymer technology (LCP), has high strength modulus and excellent fiber drawing properties. Also it has
excellent creep, chemical and abrasion resistance characteristics. VectranTMt has minimal moisture absorption and
high level flex/fold characteristics (Linstid, Kaslusky, McChesney, & Turano, 2000). Low coefficient of thermal
expansion (CTE), high dielectric and impact strength, outstanding cut resistance and vibration are its additional
properties. Table 4. shows its textile properties.Because of these properties, VectranTM can be seen especially in
military and aerospace industries as a high performance fiber (Liu et al., 2013).
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Tab.4. Textile Properties of VectranTM
Density (g/cm3)

1.4

BWS (boiling water shrinkage,
100°C, 30 minutes) %

< 0.1

M.P., °C

350

Tensile Strength
(GPa)

3.0

50% Strength Retention
Temperature, °C

150

Free breaking length (km)

247

Specific Strength
(km)

215

TGA (20% weight loss), °C

> 450

HAS (hot-air shrink, 30
minutes, %

< 0.1

Tensile Modulus
(GPa)

103

Tenacity (cN/dtex)

24,2

LOI

30

Specific Modulus
(km)

7,400

3,3

Specific gravity
(Kg/dm3)

1,41

Elongation

(%)

VectranTM fabric can be found in space airbags and parachute systems as abrasion, explosion and tear-resistant
layer. The outer tendons use ropes called Vectran HS to mount the airbags to the pan and attach them to each
other. In parachutes, woven ripsop fabrics and aromatic polyester (Vectran) fibers are used in order to increase the
stability (Cadogan, Sandy, & Grahne, 2002) and are also used in protective apparels such as gloves and workwear
clothing.
III. Conclusions
As it is mentioned earlier, current space suit EMU is the result of many years of research and progress in various
industries such as materials, electronics, fibres, textiles and etc. While they remain a great tool for orbital
operations, still, in the future, many advances are possible with the technological developments in all fields of
industry to ease the tasks of astronauts in space.
Because of the technological developments in textiles and else, the space suits of the future may take the
advantage of the hightech fibers to overcome the hostile environment and to protect the astronauts from them
during their spacewalk or tasks out their spaceship. We believe that high-tech fibres, such as PBI, PEEK, PEKK,
Vectran, Boron and many more will ease the difficulties that may occur in space projects. And researchers
throughout the world will be putting their best ability to introduce many new-hightech fibres for providing better
desired high performance properties in the construction of textile materials for the space suits in near future.
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Abstract:
Far infrared radiation (FIR) is often defined as electromagnetic rays with a wavelength longer than visible light and shorter than
terahertz and microwave rays. These rays are emitted by sunrays, human body and some minerals. Several studies have shown
that the far infrared radiation covering approximately the wavelength range of 5,6-1000 µm is beneficial for human health. These
rays have been found to possess great rejuvenating power such as elevating the body’s temperature and activating major bodily
functions. FIR properties can be impregnated to yarns or fabrics through such bioceramic powders as magnesium oxide (MgO)
and zirconium dioxide (ZrO2).
In this context, it is foreseen that textile products with FIR property will have much more significance within medical technic
textiles. This literature review has examined the effects of FIR rays on human health, their application to textile products and
their usage areas.
Keywords:

Far infrared, Health, Medical Textiles. Bioceramics

I. Introduction
All animate organisms are exposed to rays emitten by the sun. The rays emitted by sunlight are realized in the forms
of infrared rays, visible light and ultraviolet rays. Infrared rays constitute about 47% of sunlight. While these rays
can be absorbed by human body, they can be emitted from human skin with about 9,4 µm wavelength. International
Commission on Illumination (CIE) can classify infrared rays in three different wavelengths (Table 1) (Vatansever
and Hamblin, 2012).
Infrared radiation has been used effectively for a long time in order to treat/heal some diseases and disorders.
Tissues’ absorption of FIR rays increases local tissue temperature and hence blood veins enlarge and increase
blood microcirculation. The main function of the circulating bood is to carry oxygen and nutrients and keep away
carbondioxide and other waste materials. Several studies have shown that the far infrared radiation covering
approximately the wavelength range of 4-14 µm is beneficial for human health (Honda and Inoue, 1988), (Hwang
et. al., 2014), (Tsai and Hamblin, 2017).
This literature review examines the effects of far infrared radiation on human health, the application of far infrared
radiation to textile products and the usage areas of these clothes.
Tab. 1 CIE classification of infrared rays in terms of wavelength (Vatansever and Hamblin, 2012).
Name of radiation

Wavelenght range

Near infrared (NIR)

0.7– 1.4 μm (700– 1400 nm)

Mid infrared (MIR)

1.4– 3.0 μm (1400– 3000 nm)

Far infrared (FIR)

3.0– 100 μm (3000 nm– 0.1 mm)

II. The effects of Far Infrared Rays on Human Health
It has been known for ages that sunlight is significant for human health. 47% of sunlight is composed of rays within
infrared wavelength. Phototherapy or light treatment is a treatment method that is developing rapidly, but with some
reactions. The treatment method carried out with saunas working with far infrared radiation has been drawing
attention in recent years. In these saunas, regional heating is applied and the working principle is based upon the
act of giving far infrared radiation to a specific part of the body. In FIR saunas, especially congestive heart failure,
hypertension and obesity are treated (Beever, 2010). These rays are absorbed in the deeper parts of body by
providing more comfortable temperature without heating the skin or respiration system as traditional saunas, which
means that it is possible to spend more comfortable and relaxed time in these saunas (Figure 1). At the same time,
in infrared saunas, seven-fold more toxin release can occur than the classical ones (Dyer, 2011), (Suncare, 2018).
1
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Fig. 1 The sauna working with far infrared radiation and the classical sauna a) In infrared sauna, heating is carried out with the
direction of infrared rays directly to the body b) In classical sauna, while heat disperses everywhere, energy consumption
increases (Infrared saunas, 2018).

The effects of FIR therapy on health include the following: It increases oxygen amount in blood, renews muscle
tissued and skin, provides tissue renewal and quick recovery, develops the function of nervous system, decreases
lipids in skin tissue, improves metabolism, increases blood circulation as well as oxygen distribution and nutrition to
soft tissue, helps the toxin to be eliminated from body, relaxes muscles and improves sleeping quality (Tsai and
Hamblin, 2017), (Dyer, 2011), (Lou and Lin, 2011).
III. Textiles with Far Infrared Radiation
All objects exposed to heat emit electromagnetic wave called black body emission. In room temperature, this
electromagnetic wave is infrared (wavelength: 0.77 - 1000 μm). The emissivity factor of this material is a
measurement of the body’s emission efficiency and expressed with the following equation:
=

All radiation energy emitted by a gray body

(1)

All radiation emitted by a black body at the same temperature

Far infrared emissivity value is dependent upon the object’s surface conditions, temperature and the wavelength of
the object. The emissivity of black body is accepted 1. The other objects contain degrees between 0<x<1 and are
called gray body. For instance, human skin is 0,99 ; wood, tree, water, ice, frost, leaf  0,97 ; glass, concrete, brick
= 0,94 ; stainless steel = 0,74 ; Aliminium = 0,18  (Emissivity Measure).

Bioceramic powders are materials that can emit far infrared radiation between the wavelength range of 6-14 µm,
above 0,9 . (Figure 2) (Leung etal., 2011). The far infrared feature in textile products are obtained with the
application of some bioceramic powders to fabric or yarn. Thanks to disperse of far infrared radiation emitted by
these bioceramic materials, increase is observed in blood flow of tissues (Dyer, 2011), (Biocera, 2018), (Lin et. al.,
2015), (Cobb, 2017).

Fig. 2 Emissivity values of ceramic powders within the wavelength range of 3-14 µm (Leung et. al., 2011).

According to the standard (FTSS-FA-010) prepared by the Tailand technical textiles accreditation and certification
evaluation committee, absorption and retroreflection of ray in the range of 3-14 micron wavelength is important.
Reflection value is measured according to reflection value of black body and this value is between 0-1 ε. In the
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standard, it is mentioned that when the far-infrared emissivity is 0.8 ε and above, the fabrics are considered healthy
(Specified Requirements of Far Infrared Textiles, 2004).
Some studies have underlined the fact that FIR textiles are healthy for human health. One of the studies in on hiding
cellulite defects with FIR tights. In this study, 40 women suffering from cellulite and local adiposity disorder between
the ages of 18-60 were used as subjects. While half of them wore FIR tights, the remaining wore tights that had the
same form and appearance. These tights were worn for 56 days and 8 hours. According to the results, it was
observed that the women wearing FIR tights had lesser cellulite and local adiposity defects. In addition, it was
proven that these tights improved the flexibility, smoothness and firmness of the skin (Richelmi et. al.).
Applying FIR feature to fabrics or yarns occur through the bioceramic powders (Dyer, 2011), (Lin et. al., 2008). Lots
of products such as FIR t-shirts, ankle bandage, socks, gloves, lingerie, knee bandage, pyjamas are sold (Nikken,
2018), (Promolife, 2018).
IV. Conclusion
The fact that infrared rays are beneficial for human body has been proven by various studies. The working principle
of infrared rays is that the energy emitted by the sun and human body is absorped by bioceramics and reflected to
the human body again in far infrared radiation wavelengths. Thanks to this feature of bioceramics, healthy clothes
have been produced. Nowadays, the purchase of far infrared products (socks, gloves, medical textiles etc.) includes
significant potentials and it is foreseen that the production and variety of these products will increase in the future.
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Abstract:
Silk is one of the exceptional natural fibers and has a long established history in textile production throughout the centuries. It is
especially very well known for its mechanical properties and lustre. Conversely, electrospinning is one of the widely used
technologies for more than two decades. With this technology, ultra-fine fibers can be produced continuously with the help of the
electrical forces at nanometer scales. In this study, silk fiber and electrospinning are briefly introduced. Later, a revise is made
on silk fibroin (SF) nanofibers and their applications on wound dressing materials. In relation to SF electrospinning, some
information is also given on the solvent used for the production of silk containing nanofibers. As it is already known that, silk
fibroin electrospun materials have good characteristics such as mechanical properties, biocompatibility, biodegradability and
flexibility. Because of these good features, they can be used for wound dressing, mats and so on. With this review, it is aimed
to achieve a notice on the production of silk fibroin (SF) nanofibers which are produced by the electrospinning process and to
highlight their applications in wound dressing materials.
Keywords:

SF, electrospinning, nanofiber, wound dressing, biomaterials

I. Introduction
Silk is a natural protein filament fiber which is produced by cultured silk worms, spiders, scorpions, mites and flies.
Along with the native silk proteins, mostly used ones are Bombyx mori silkworms which consist of fibroin and sericin
(Kaplan et.al., 1998). Fibroin is the protein where forms the filaments of silkworm silk and gives its unique physical
and chemical properties; such as excellent mechanical properties. Sericin is a group of gummy proteins which binds
the fibroin filaments. Silk sericin and other impurities cause hardness, coarseness and cover the lustre of silk fibroin.
So, removing of sericin and other impurities are essential to provide softness, shiny and whitening effect to the silk
fibers for further process. Silk fibers have a relatively irregular triangle cross-section (Figure 1) with rounded corners
(5–10 μm wide) and their density is between 1.30-1.37 g/cm 3. Silk is more hygroscopic than cotton and can absorb
up to 30% of its mass. Although silk is a strong natural fiber, it loses up to 20% of its strength when wet. It has a good
moisture regain of 11%. It can be weakened if exposed to too much sunlight and may also be attacked by insects,
especially if left dirty. Silk is a poor conductor of electricity and thus susceptible to static cling. On the other hand,
acids and alkalis decompose warm silk easily. Diluted acids revive the color and increase the crispness of silk
whereas concentrated ones destroy.
Today, silk fibroins (SF) are used in many forms such as gels, powders, fibers etc. depending on applications Li. et
al. 2002). Recently, SF is widely used material for biomedical applications because it has several useful properties
including good biocompatibility, good oxygen and water vapour permeability, biodegradability, and minimal
inflammatory reaction (Park et.al., 2001). More details on this, is given in section II.

Fig. 1:Triangular cross-section of a silk fibroin fiber (25µm)

On the other hand, electrospinning is widely used unique technique where can be produced polymer nanofibers with
various range of diameters from several micrometers down to tens of nanometers. In this technique, a high voltage
is applied to create electrically charged jets of a polymer solution. Figure 2 displays a capillary tube with a pipette or
1
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syringe, a high power voltage supply and a collector. Usually, copper plates, aluminum foil or a rotating drum can be
used as a target for the collection of nanofibers. These nanofibers are collected as nonwoven surfaces. These
electrospun nanofibers are shown unique properties such as high specific surface area and high porosity. Because
of that, they can be used for filter and biomedical applications such as wound dressings and scaffolds for tissue
engineering (Li et. al., 2002), (Agarwal et al., 2008) and for functional nanotubes.

Fig. 2: Diagram of a typical electrospinning apparatus

II. Silk Fibroin (SF) Nanofibers
In recent years, electrospinning is mostly studied on the typical natural polymers including collagen, gelatin,
chitosan, casein, cellulose acetate, silk protein, chitin etc. The reason for that is, natural polymers are good at for
binding cells since they carry specific protein sequences. On the other hand, synthetic polymers propose many
advantages over natural polymers such as wider range of properties, i.e. required viscoelasticity, strength and
desired degradation rate (Hakkarainen, 2002). It can be seen that silk fibroin (SF) protein has been
comprehensively studied on the biomedical applications as they have some distinctive biological properties i.e.
good biocompatibility, biodegradability, minimal inflammatory reaction and excellent mechanical properties (Park
et.al., 2004), (Meinel et al., 2005). SF protein can be easily fabricated into nanofibrous form by electrospinning
technique. However, the selection of the appropriate solvents and the control of conformational transitions of fibroin
is an important issue during the production of nanofiber mats. Some researchers (Sukigara et.al., 2003 and 2004)
found that silk concentration is another important parameter in producing uniform cylindrical fibers which are less
than 100 nm in diameter. The main outcomes of produced SF nanofibers are their remarkable properties such as
high specific surface area, improved strength, good surface energy, enhanced thermal property and electrical
conductivity.
III. SF Wound Dressing Materials
Pore area, density and porosity are very important factors for the wound dressing materials and drug delivery in
tissue engineering. For this reason, if we may briefly summarize these studies it can be stated that regenerated SF
fiber was first electrospun with formic acid as a spinning solvent and sometimes small amounts of calcium chloride
was being used. In some studies (Kim et al.,2003), (Sukigara et al 2003) , later, these SF nanofiber mats were
chemically treated with a 50% of an aqueous methanol solution. This treatment shows a decrease on the pore size
of the SF nano materials; for example 60 min. of a treatment had lowered the porosity from 76% down to 68 %
(Kim et al.,2003). This indicates that SF wound materials can shrunk by methanol treatment. Another study (Zhu et
al, 2008) reveals that mash pore size can be increased while maintaining fiber diameter; although this may change
mechanical properties of the produced SF wound dressing material. One of the studies (Ayutseda et.al, 2005)
indicates that SF mats prepared from formic acid with fiber diameters averaging 100 nm showed a Young’s
modulus of 515 MPa, ultimate tensile strength (UTS) of 7.25MPa and strain of 3%.
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From the literature survey, there are still many challenges exist in the electrospinning process for SF wound
dressing materials. For example, the viscosity of the polymer solution remains an important parameter which still
affects the spinnability in all electrospun nanofibers. Although knowing that different polymers have different
spinnable viscosity ranges, the solution viscosity cannot serve as such controlling parameter. Moreover, not every
polymer solution can be electrospun into nanofibers. Also some confronts are still exist such as how to control or
smoothly reduce beads and pores within the produced (see Figure 3a and 3b) electrospun nanofibers and how to
obtain consistent diameter in those produced fiber mats. These challenges are also remains for future productions
in SF wound dressing materials. Nevertheless, in the below Table 1 we have summarized many varieties of
polymers that can be used to electrospun from fine nanofibers to the submicrons and their applications in wound
healing and wound dressings.

3a

3b

Fig. 3: Beads and different diameters with various pore sizes of an electrospun nanofiber

Tab. 1.

Some polymers used in electrospinning, characterization methods and their applications for the wound healing and

dressings

d

Polymers

Applications

Characterization

Poly(lactide-co-glycolide)(PLGA)

Biomedical applications, wound healing

SEM, WAXDd, SAXSe, degradation
analysis

Polyurethane (PU)

Nonwoven tissue template wound
healing

SEM, in vivo guinea pig model

Fibrinogen

Wound healing

SEM,TEM, mechanical evaluation

Poly(vinyl alcohol)

Wound dressings

SEM, EDXi

Silk fibroin

Nanofibrous scaffolds for wound
healing

SEM, ATR-IRl, CP/MAS 13C-NMR,
WAXD, NMRm, in vitro human
keratinocyte culture

Chitosan/PEO

TE scaffold, drug delivery, wound
healing

SEM, XPS, FTIR, DSCn

Gelatin

Scaffold for wound healing

SEM, mechanical evaluation

Silk/chitosan

Wound dressings

SEM, viscosity analysis, conductivity
measurement

: Wide

angle X-ray diffraction.
Small angle X-ray scattering.
: Energy dispersive X-ray.
l
: Attenuated total reflectance infra red spectroscopy.
m : Nuclear magnetic resonance.
e:
i

n:

Differential scanning calorimeter.

3

473

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

More recently, Wang et al. (Wang et. Al, 2018) studied electrospun SF nanofibers modified by grahene oxide to
observe antibacterial activity of the samples for wound dressing materials. In another study (Kheradvac et. Al,
2018) vitamin E-loaded nano particles were successfully incorporated in SF/PVA /Aloe vera materials where 5 % of
weight vitamin E showed great potential as a wound dressing.

IV. Conclusions
Electrospinning is an easy and cost effective processing where continuous polymer fibers can be produced in
various engineering areas. Fiber diameter is normally in the range of tens of nanometers to several micrometers.
Consequently, the produced electrospun nanofiber mats have a high ratio of surface area to volume and porosity.
Because of these good features, they are still in the scope of many researchers.
SF wound dressing materials is one of those areas where some of the studies are reviewed in this paper. We must
express that some basic features of the SF electrospun fiber production and its fiber mat properties are not well
stated by scientists. For this reason, we believe that SF wound dressing materials predictability is yet limited.
However, we also think that an extensive researches and developments in SF wound dressing materials will
probably continue in the long run.
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Abstract:
Polyesters (PES) fibers are one of the most important polymers for textile industry due to their large production amounts. Poly
(butylene terephthalat) (PBT) fibers are important aromatic polyesters known as their good elasticity and easy dyeing properties.
PBT is manufactured by again polycondensation reaction with BDO (1,4-butanediol) and TPA or DMT, can be easily dyed at low
temperatures with disperse dyes without carrier and is known as its very good elasticity properties. Generally PBT fibers are
used in intimate, ready-to-wear, active and sportswear apparels, swimwear, carpets, automotive and home upholstery
applications. Seamless technology is capable to meet the needs of consumers with performance, functionality and comfort. This
technology have some advantages over the cut and sew products. Seamless technology improves the aesthetic value and
comfort, fredom of body movement, gives softness to the garment and minimizes the surface friction of the seams. In seamless
machines, gloves, hats, socks, sweaters, sportswear can be produced. PBT fibers can be used in seamless sport wears, tights
and intimates. These fibers provide more elasticity, comfort and softness on seamless sportswear than polyester fibers due to
their good elasticity properties. In seamless technology polyester fibers generally are used with other fibers such as nylon,
elastane.
In this study, PBT/Nylon blend knitted seamless fabrics were dyed with disperse, acid and metal complex dyes at 98 oC in one
bath. The color strength, colorimetric properties and fastness properties (rub and wash fastness) of these fabrics are
investigated and compared.
Keywords poly (butylene terephthalate) fiber, PBT, elastic polyesters, easy dyeing, elasticity, seamless technology

I. Introduction
As the population increases natural fibers have failed to satify needs of humankind, and thus synthetic fibers were
started to produce (Başer, 2003; Trotman, 1984). Polyethylene terephthalate (PET) polyester, which was
discovered by Whinfield and Dickson, was first produced commercially in 1941 (Başer, 1992). The polyester is
obtained by extracting the polyethylene terephthalate (PET) polymer formed by polymerization of ethylene glycol
and ethylene. Polyesters (PES) are known as the most important fiber polymers for the textile industry (Deopuno et
al, 2008; McIntyre, 2004). Polyester fibers are attractive for using in medicine, clothing, sports and various
industrial fields due to their economic performance. When the polyester fibers are modified physically and
chemically, high performance fibers are obtained (Perepelkin, 2001). Poly (butylene terephthalate) (PBT) was
produced by Carothers and Hill (DuPont). PBT is a semi-crystalline polymer with similar properties to PET in both
color and colorless properties and known as 4 GT or polytetramethylene terephthalate (Fig. 1). PBT is obtained by
polycondensation reaction of purified terephthalic acid (PTA) or dimethyl terephthalate (DMT) with 1,4-butanediol
(BDO) (Deopuno et al, 2008; Chan et.al, 2012).

Fig.1. Chemical Structures for PET and PBT Repeating Units (PT online, 2018)

PBT fibers have very low glass transition point (Tg) values, so they can easily be dyed at atmospheric conditions
without carrier. Commercial PBT fibers are produced by Zimmer and Ticona and known as Celanex® (Deopuno et
al, 2008).
Nylon was discovered by Wallace Carothers in DuPont in 1928. Nylon (polyamide, PA) is a synthetic polymer
called polyamide consisting of monomers of amides in the backbone chain and is widely used in the textile industry
1
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as PA 6.6 (nylon 6.6) and PA 6 (nylon 6). PA 6.6 is obtained by polymerizing adipic acid [HOOC- (CH2)4-COOH]
with hexamethylene diamine [H2N- (CH2) 6-NH2] (Fig. 2) (Rvlin, 1992; Berstein, 2005).

Fig. 2. Chemical structure of nylon (Quora, 2018)

Nylon 6,6, is one of the most common synthetic fibers, has extensive use in many areas thanks to its excellent
physical properties, good durability (Carr, 1988). PBT and nylon fibers show similarities in many respects. Both
polymers have fast crystallization ability, good mechanical properties, good solvent strength and similar melting
temperatures (table 1) (McIntyre, 2004).
Table 1.Physical properties of PBT and nylon (PA 6 and PA6.6) fibers (McIntyre, 2004; Urgi, 2011).
Physical Properties

PBT

PA6.6

PA6

Melting Point (˚C)
224
265
Glass Transition Temperature (Tg˚C)
20-40
50-90
Resistance
+
++
Chromaticity
+(+)
++
Dimensional Stability / Pulling
(+)
+(+)
Elasticity, Dry
++
+
Chloride resistance
++
+
Resistance to hot alkalis
++
++ good / strong; + moderate; - bad / weak

220
40-80
++
++
+(+)
+
+
+

In recent years, many researchers have studied dyeing conditions for PBT and blended yarns with PBT (Yolaçan,
2006; Lee et.al., 2007; Tavanaie et.al. 2010; Ujhelyiova et. Al., 2007; Zou et.al., 2007; Klacnick, 2007; Vajnhandl
and Marechal, 2005; Yildirim et. Al, 2012b; Yildirim et.al.2015a, Kalayci et.al., 2015; Yildirim et.al.2015b).
In this study, PBT/Nylon (PBT/PA) blended seamless fabrics were dyed with disperse, acid and metal complex
dyes at 98˚C. The color strength, colorimetric properties and fastness properties (rub and wash fastness) and
differences of these fabrics were examined and compared.
II. Experimental Set-up and Procedure
75% Naylon-25%PBT seamless knitted farbics were used in this study. All fabric samples were scoured, dyed in
one bath and rinsed after dyeing. Dyeing processes were carried out using commercially available low, medium
and high energy disperse dyes (table 1), acid and metal complex dyes. Four different color shades are used for this
study such as yellow, green, red and salmon. Disperse dyes and acid dyes used in one bath dyeing were given in
table 1 and figure 1.
Tab. 1: Structures and C.I. numbers of disperse and acid and metal complex dyes
Disperse dyes
Yellow P-6G (C.I. Dispers Yellow 114)
Orange S2PR
Yellow SE-2GR
Blue SE-5R
Blue ENF
Yellow ENF
Red ENF
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Molecular
weight
disperse dyes
High energy
High energy
Medium energy
Medium energy
Low energy
Low energy
Low energy

2

of
Acid and metal complex dyes
Red SRL (C.I. Acid Red 414)
Yellow KGLN (C.I. Acid Yellow 59)
Yellow M4GL (C.I. Acid Yellow 79)
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C.I. Dispers Yellow 114 (dye 1)

C.I. Acid yellow 59 (dye 2)

C.I. Acid Red 414 (dye 3)

C.I. Acid Yellow 79 (dye 4)

Fig. 1: Chemical structures of disperse, acid and metal komplex dyes used in dyeing

Dyeing processes of PBT and Nylon blended fabrics were carried out in Laboratory Eco Dyer at 1:10 liquid ratio at
98 oC. The fabrics rinsed with warm water and tumbler dryed.
III. Analysis
The K/S values were measured with using Spectrophotometer under illuminant D65, using 10º Standard observer
for each dyed samples. The colour strength value K/S is calculated by using the Kubelka-Munk equation. The
equation of K/S, Eq. (1) is given at below:

(1)

K/S = (1-R2)/2R

The wash and rub fastness properties of dyed fabrics were investigated. The wash fastness test was performed
according to ISO 105:C06 B2S test. Both dry and wet rub fastness tests were performed according to ISO 105:
X12 protocol. Overall fastness properties were evaluated by using ISO grey scales in the light box.
IV. Results and discussions
The colorimetric properties of red dyed PBT/Nylon (PBT/PA) blended fabrics are given on table 2 and Figure 2
(a)-(c). With these experiments, color diffrerences between dyed fabrics with only metal complex dyes and both
metal complex and disperse dyes were investigated.
Tab. 2: Colorimetric properties of PBT/PA blended fabrics dyed with only metal complex dyes and both metal complex and
disperse dyes.
Dyes

Samples
PBT/PA
RED 1
PBT/PA
RED 2
PBT/PA
RED 3

Metal complex
Red SRL
Metal complex
Disperse dyes
Red SRL
Red ENF
Metal complex
Disperse dyes
Red SRL
YellowENF

Molecular weight of
disperse dyes

Color

K/S

L*

a*

b*

-

Red

7,15

45,2

45,3

Low energy

Red

10,3

43,7

Low energy

Red

8,45

41,6

C*

ho

10,9

46,6

13,5

45,6

15,5

48,1

18,7

46,4

9,4

47,3

11,4

30
20
10

a*
-50

-30

0
-10
-10

10

30

-20
PBT/PA RED 1
PBT/PA RED 2
PBT/PA RED 3

-30
-40
-50
(a)

50

100
90
80
70
60
50
40
30
20
10
0

PBT/PA RED 1
PBT/PA RED 2
PBT/PA RED 3

100
90
80
70
60
50
40
30
20
10
0

PBT/PA RED 1
PBT/PA RED 2

K/S

40

Lightness (L*)

50

b*

Color strength values of red dyed PBT/PA blended fabrics change range from 7,15 to 10,3. The highest color
strength value is observed on PBT/PA RED 2 sample. This fabric was dyed with metal complex dye and low energy
red disperse dye. PBT/PA fabric dyed with only metal complex red dyed showed lowest color strength value.
PBT/PA blended fabrics dyed with metal complex and disperse dyes in one bath exhibited better color strength
values than those of fabrics dyed with only metal complex dyes. Therefore, dyeing with metal complex and
disperse dyes in one bath could be recommended.
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Fig. 2: graphics of dyed PBT/PA blended fabrics; (a) redness (a*)- yellowness (b*) plots, (b) Lightness (L*)-Chroma (*C) plots,
(c) color strength (K/S)- Chroma (*C) plots
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As seen on figure 2, PBT/PA fabric dyed with only metal complex dyes exhibited similar redness-yellowness values.
But its chroma values are lower than that of PBT/PA blended fabrics dyed with both metal complex and disperse
dyes. The colorimetric properties of yellow dyed PBT/Nylon blended fabrics are given on table 3 and Figure 3
(a)-(c).
Tab. 3: Colorimetric properties of PBT/PA blended fabrics dyed wit only disperse dyes and both metal complex and disperse
dyes.
Dyes

Samples

Disperse dyes

PBT/PA
YELLOW 1
PBT/PA
YELLOW 2

Yellow P6G

Oranj S2PR

Metal complex

Disperse dyes

Yell. KGLN

Red ENF

Molecular weight of
disperse dyes

Color

K/S

L*

a*

High energy

Yellow

3,30

75,8

Low energy

Yellow

6,20

65,5

b*

C*

ho

13,9

49, 5

51,4

74,2

23,1

53,5

58,34

66,5
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Dyed samples displayed orange-yellow color shades. Samples dyed with both metal complex and disperse dyes
displayed darker than that of samples dyed with only disperse dyes. Color strength values of yellow dyed PBT/PA
blended fabrics change range from 3, 3 to 6, 2. The highest color strength value is observed on PBT/PA YELLOW 2
sample which was dyed with metal complex dye and low energy class red disperse dye. Only dipserse dyed
PBT/PA fabric showed lowest color strength value. Dyed PBT/PA blended fabrics with metal complex and disperse
dyes in one bath exhibited better color strength values than those of fabrics dyed with only disperse dyes.
Therefore, dyeing with metal complex and disperse dyes in one bath could be recommended.
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Fig. 3: graphics of dyed PBT/PA blended fabrics; (a) redness (a*)- yellowness (b*) plots, (b) Lightness (L*)-Chroma (*C) plots,
(c) color strength (K/S)- Chroma (*C) plots

As seen on figure 3, PBT/PA fabric dyed with only disperse dyes exhibited similar redness-yellowness values. But
its chroma values are lower than that of PBT/PA blended fabrics dyed with both metal complex and disperse dyes.
The colorimetric properties of green dyed PBT/Nylon blended fabrics are given on table 4 and Figure 4 (a)-(c).
Tab. 4: Colorimetric properties of PBT/PA blended fabrics dyed with only disperse dyes, both metal complex and disperse dyes
and both acid and disperse dyes.
Samples
PBT/PA
GREEN 1

Dyes
Disperse dyes
Yellow SE-2GR

Blue SE-5R

PBT/PA
GREEN 2

Metal complex

Disperse dyes

Yell. KGLN

Blue ENF

PBT/PA
GREEN 3

Acid Dyes

Disperse dyes

Yell M4GL

Blue ENF

Molecular weight of
disperse dyes

Color

K/S

L*

a*

Medium energy

Green

2,5

71,9

Low energy

Green

5,8

Low energy

Green

10,1

b*

C*

ho

-4,04

42,84

43,1

95,4

62,3

-4,2

45,8

45,9

95,2

68,2

-19,8

57,4

60,7

109,1

Dyed samples displayed green color shades. Color strength values of green dyed PBT/PA blended fabrics change
range from 2,5 to 10,1. The highest color strength value is observed on PBT/PA YELLOW 2 sample which was
dyed with Acid dye and low energy class red disperse dye. PBT/PA fabrics dyed with only disperse dyes showed
lowest color strength value. PBT/PA blended fabrics dyed with metal complex, acid and disperse dyes in one bath
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exhibited better color strength values than those of fabrics dyed with only disperse dyes. Therefore, dyeing with
acid and disperse dyes in one bath could be recommended.
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Fig. 4: graphics of dyed PBT/PA blended fabrics; (a) redness (a*)- yellowness (b*) plots, (b) Lightness (L*)-Chroma (*C) plots,
(c) color strength (K/S)- Chroma (*C) plots

As seen on figure 4, PBT/PA fabric dyed with only disperse dyes exhibited similar redness-yellowness values as
PBT/PA fabric dyed with metal complex and disperse dyes. PBT/PA fabrics dyed with acid and disperse dyes
displayed highest color strength and redness-yellowness values. The colorimetric properties of salmon dyed
PBT/Nylon blended fabrics are given on table 5 and Figure 5 (a)-(c).
Tab. 5: Colorimetric properties of PBT/PA blended fabrics dyed with only low energy disperse dyes
Dyes

PBT/PA
SALMON 1

Disperse dyes
Red ENF

Yellow ENF

40
20

-100

0
-50

-20

0

50

100

Lightness (L*)

60

a*

Low energy

Salmon

K/S
1,5

L*

a*

70,7

19,8

PBT/PA SALMON 1

100

b*

80

Color

Blue ENF

PBT/PA SALMON 1
100

Molecular
weight
of
disperse dyes

90

80

80

70

70

60
PBT/PA SALMON 1

40
30

20

20

-60

10

10

-80

0

(a)
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C*
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b*
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Fig. 5: graphics of dyed PBT/PA blended fabrics; (a) redness (a*)- yellowness (b*) plots, (b) Lightness (L*)-Chroma (*C) plots,
(c) color strength (K/S)- Chroma (*C) plots

Dyed sample displayed salmon color shade. Color strength value of salmon color dyed PBT/PA blended fabric is
1,5. Wash and rub fastness properties of dyed samples were analyzed. Rub and wash fastness levels of the
PBT/PA blendend fabrics were given on table 6.
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Tab. 6: Rub and wash fastness properties of all dyed samples
Dyes

Samples
PBT/PA RED 1
PBT/PA RED 2
PBT/PA RED 3
PBT/PA YELLOW 1
PBT/PA YELLOW 2
PBT/PA GREEN 1
PBT/PA GREEN 2
PBT/PA GREEN 3
PBT/PA SALMON 1

Metal complex
Red SRL- 1
Metal complex
Disperse dyes
Red SRL- 1
Red ENF
Metal complex
Disperse dyes
Red SRL- 1
YellowENF
Disperse dyes
Yellow P6G
Oranj S2PR
Metal complex
Disperse dyes
Yell. KGLN
Red ENF
Disperse dyes
Yellow SE-2GR
Blue SE-5R
Metal complex
Disperse dyes
Yell. KGLN
Blue ENF
Acid Dyes
Disperse dyes
Yell M4GL
Blue ENF
Disperse dyes
Red ENF
Yellow ENF
Blue ENF

Rub fastness
Wet
Dry

Molecular weight
of disperse dyes

K/S

-

7,15

5

Low energy

10,3

Low energy

Wash Fastness
PES
N6,6
CO

WO

PC

5

4/5

4/5

4/5

4

4/5

4/5

5

5

4/5

5

4/5

3/4

4/5

4

8,45

5

5

4/5

5

5

4

4/5

5

High energy

3,30

5

5

4/5

5

4/5

4

4/5

4

Low energy

6,20

5

5

4/5

5

4/5

3/4

4/5

4

Medium energy

2,5

5

5

5

5

5

4/5

5

4/5

Low energy

5,8

5

5

5

5

5

3/4

4/5

4/5

Low energy

10,1

5

5

5

5

5

4

5

4/5

Low energy

1,5

5

5

5

5

4/5

3/4

5

4

All dyed samples exhibited excellent wet and dry rub fastness properties. Wash fastness values are generally
exhibited good to excellent wash fastness by 5 grey scale rating for staining except nylon 6.6 and acetate fabrics.
As known, metal complex and acid dyes have an interest in nylon fibers. Therefore, nylon fabrics in adjacent
fabrics exhibited 3/4- 4/5 staining values. PBT/nylon fabrics dyed by high energy disperse dyes exhibited better
wash fastness values than those of fabrics dyed by low energy disperse dyes. Because high energy class disperse
dyes have higher molecular weight and show better wash fastness.
V. Conclusions
Poly (butylene terephthalat) (PBT) fibers are important aromatic polyesters known as their good elasticity and easy
dyeing properties. Nylon 6,6, fibers are the another common synthetic fibers, has extensive use in many areas
thanks to its excellent physical propertie. Generally PBT and nylon fibers are used in intimate, ready-to-wear, active
and sportswear apparels, swimwear. Seamless technology is capable to meet the needs of consumers with
performance, functionality and comfort and improves the aesthetic value and comfort, fredom of body movement,
gives softness to the garment and minimizes the surface friction of the seams. PBT and nylon fibers can be used in
seamless sport wears, tights and intimates. In this study, PBT/Nylon blended knitted seamless fabrics were dyed
with disperse, acid and metal complex dyes at 98oC in one bath. The color strength, colorimetric properties and
fastness properties (rub and wash fastness) of these fabrics were investigated. All samples dyed with disperse and
metal complex dyes exhibited better colorimetric properties than that of fabrics dyed with only disperse dyes or
metal complex dyes. These dyed fabrics showed highest color strength values. The highest color strength value is
10,3 and has been observed on dyeing PBT/PA fabrics by metal complex and low energy disperse dyes with red
color shades. All dyed samples exhibited excellent wet and dry rub fastness properties. Wash fastness values are
generally exhibited good to excellent wash fastness by 5 grey scale rating for staining except nylon 6.6 and acetate
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Abstract
Textile and readymade products were initially used for basic needs, but with the technological improvements and revolutionary
innovations coupled with intense competitive market conditions, they became one of the most sought after material in various
disciplines which in turn led to researching and producing different textures. In the future, in addition to fashion-specific
characteristics of the products and fabrics, the use and demand for multifunctional interactive textile products that could also
serve other purposes will rise. The production of technical textile products, with their various fields and purposes of use as well
as their high technical and performance attributes show a rise in the field of sportswear similar to other areas of use. The
characteristics of the materials employed are also increasing gradually. In this context, the garments the athletes wear and the
materials they use have great importance in terms of technical textiles. In this study, the contribution of technical textile
production on various sports is analyzed, and in addition to literature research and sample applications, the latest developments
in technical textile products used in different sports were evaluated. The research conducted reveals that the technical textiles
have an effect on different sports and the performance of athletes.
Keywords: Technical textile, sportswear textile, athlete garments, wearability

I. Introduction
I.I. Technical Textiles
Technical textiles developed for appearance and aesthetics in technical specifications and performances in the
1980s are becoming increasingly diverse products. This rapidly growing sector has not been able to meet the name
of "industrial textile" by expressing its richness, complexity and production techniques and is called "technical
textile". Technical textiles in this context are referred to as materials that are obtained in any process or used to
accomplish a single feature. Such products are expensive and highly value added products. Superior performance
characteristics include chemical, weathering, resistance to micro organisms, high strength, flammability, easy
drying and incombustibility. Because of these properties, they are also used in areas other than textiles, but they are
used as a part of the material (Akçalı, 2016, Emek, 2005).
The technical textiles were first collected by Messe Frankfurt, which organized the international technical textile fair,
Techtextil Frankfurt, under 12 classes according to the application area. However, because some products have
more than one area for their intended use, the borders can not be drawn exactly. Sportive textiles (sportech) are the
technical textiles produced for sports and casual wear (Mecit et al., 2007a; Yalcinkaya & Yilmaz, 2011) in this
classification, where the textiles from construction have a wide perspective from vehicles to underground materials.
I.II. Sportech
Production of technical textiles with high technical and performance characteristics for different usage purposes is
increasing in all fields as well as in sports field. In both individual and team sports it is seen that not only the athletic
performances but also the material properties used are important. Therefore, the academic studies on the effects of
the technical textiles produced for the sports branches on the sportsmen are seen to increase. This provided the
introduction of the concept of sportech and included the athlete's clothes, materials and shoes they used (Gupta,
2011). The superior properties expected from these products can not be achieved by a single fiber structure, but the
fiber structures which contain the desired properties are required to be incorporated into the fabric under suitable
conditions. Fiber type of fabric, fabric (D'Silva, Greenwood, Anand, Holmes, & Whatmough, 2000) are the most
important parameters in terms of the structural weaving, fabric / weight, fabric thickness and applied chemical
processes. In sports textiles produced in this direction, parameters such as adaptation to different weather
conditions, heat insulation, comfort, UV protection, waterproofness, hygiene and antibacterial properties, opacity,
easy drying, soil repellency and self-cleaning are expected parameters (Uttam, 2013). It is now common practice to
provide different physical properties to athletic wear and to increase athletic performances after using different fiber
constructions. Thermolite fibers, a kind of polyester developed by DuPont, are manufactured from hollow hairs with
thousands of small air sacs, providing excellent insulation found in the fur of polar bears. Breathing membranes also
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find application areas. These properties can be achieved by the fibers used during production and by the finishing
operations (Horrocks & Anand, 2015; Mecit et al., 2007b).
It is now seen that sports textiles have a wide range of uses, from sportswear to artificial turf, climbing ropes and
parachute fabrics. The product range includes balloon fabrics, sports shoes and bags, sleeping bags, tent fabrics,
swim fabrics, racket frames, fishing rods, golf clubs and fishing nets. Among these products, sports shoes have the
biggest market share. In sports shoes, abrasion resistance, sweat absorbency, waterproof and breathable
properties are sought in addition to other features.
Sportswear should have hygiene characteristics as well as functionality. In addition, protection from ultraviolet rays,
which has gained importance in recent years, has been added to these properties. For this reason, antimicrobial
finishes and ultraviolet protective chemicals are applied to sportswear, to reduce smell and prevent bacteria
formation.
The use of composite structures has increased in every field, as well as in the production of sports equipment.
Bicycle wheels and body, ski and surf equipment, soccer and baseball, tennis racket, etc. are examples of areas
where composites are used. At the same time, in recent years, it has been observed that structures called
"MobileThermo" are used which can distribute the heat uniformly and adjust the temperature. The desired
performance characteristics of the fabric can be achieved by such special finishing operations, for example,
polyvinyl chloride (PVC) microporous coatings and breathable fabrics have been developed. Names such as
"fieldsensor", "cubesensor", "coolmagic" and "aerosensor" are given to the clothes which absorbs the body and
quickly dry the product.
These academic and sectoral progresses have forced firms to produce highly sophisticated products.
Multidisciplinary work is also seen to work with textile, electronics, and bionic engineers as well as textile
These creative teams are designing performance enhancing products in line with the needs of athletes. For
example, the different technologies developed by Adidas provide a more effective working environment for
sportsmen. For example, ClimaCool® technology keeps athletes at the optimum body temperature by ignoring
temperature values in the pond. They have made separate measurements on male and female athletes who have
developed this technology and they have determined which regions of their bodies have increased heat in different
sport branches and different exercise levels according to their ages and applied to the products. During this
application, they developed three-dimensional fabrics to develop a product that absorbs moisture in areas of
significant temperature and sweating. The fabrics positioned in the critical heat zones of this garment have
hundreds of small holes in the body parts and prevent the garment from sticking to the body, bringing the aeration
the highest level on the skin. In addition, on the collar side of the form, the conductive tape embedded in the collar
allows the temperature to be drawn through the heating zone and a cooling signal is sent to the brain to form a
continuous cooling sensation. The product has been tried at the Olympics in Athens.
Sportech have become used in almost all sports activities. There are also numerous areas for use in the
marketplace with products.
II. Distribution by Branch
The technical textile products we see at almost every stage of sports activities are composed of structures made
up of different textile materials and the usage area or the division used is suitably abrasion-resistant,
sweat-absorbing, waterproof and breathable.
General characteristics expected from sport textiles today; air permeability, antistatic property, hygiene and
antibacterial properties, dirt repellency, flammability, opacity, easy drying and weathering, as well as compatibility
and suitability in different weather conditions, heat insulation, water permeation resistance, comfort properties, UV
protection, self-cleaning, (Uttam, 2013). These properties can be given to sports textiles through the type of fibers
used during production and the different chemical finishing operations (Mecit et al., 2007a).
II.I.Textile Equipments
Looking at the products produced in the field of sports technical textiles, it is seen that the market shares of textile
equipments are also above the market growth rates, and the unit values are high. Tennis rackets, hockey sticks,
snow and water skis, racing cars, fishing nets, bikes, ropes, canoe bodies, yacht and boat bodies, sports shoes for
risky sports, surf boards, sportswear, lawns, tents, flags and flags springs and springs of musical instruments are
the most obvious applications of technical textiles in this area.
2
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It is observed that the use of composite structures especially in textile equipment is widespread. The use of
composite structures in hockey, baseball and golf clubs, especially in tennis racquets, bicycles, skateboards and
skating wheels used in different sports branches, is a matter of question. The main reason for preferring composite
materials is the strength and light construction they have.
Thanks to the sports technical textile products spreading in the market, it is aimed to protect the athletes from
unwanted accidents and continue their health status. Checklight technology developed by Reebok company can
be given as examples of the products of these companies. Thanks to this technology, the health of the athlete can
be observed with the control of the narrows and the intensity of the impact which can be achieved in the sports
encounters. Especially used for ice hockey and american soccer matches, the athlete is aiming to be able to do the
first intervention to the athletes depending on the severity of the blow and the hits taken with a headrest placed in
the helmet. 20 - 500 micron polyurethane and polyester / polyuretan blend fibers developed by another company
are produced with antibacterial and breathable properties and are offered for use in sports shoes, tents,
parachutes, balls, gloves and so on.
Just like american footballers, boxers have technology that evaluates their training berths. This technology is used
in gloves and the accelerometer measures the impact strength, speed, blocking time and stroke combinations of
the athlete.
II.II. Compression Cloths
Compression clothing is one of the technical textile products used for sports branches. These garments are
designed for sports or medical purposes, with the aim of applying pressure on the skin so as not to restrict
movement. It is seen that it is widely preferred among athletes in many branches especially in order to increase the
athletic performance and to improve the recovery after the exercise. It is used during or after both training and
competition. The physical, physiological, circulatory, perceptual, heat regulating and psychological benefits of
compression garments can be mentioned (Kaçoğlu, 2015).
Compression clothes are produced individually or industrically designed for specific areas of the body, such as
upper body (cuff, long sleeved or sleeveless T-shirt) or lower body (knee or thigh size stockings, knee or ankle
tights) Felder, & Cai, 2011). The level of compression applied by the garments depends on the type of clothing, the
size of the body, the shape and size of the applied body area, the structure and physical properties of the material
used, the nature of the sport activity made and the amount of elasticity of the fabric (Brophy-Williams, Driller, Shing,
Fell, & Halson, 2015). Lovell and friends suggest that compression tights worn during 30-minute intermittent and
repetitive running may improve the process of active recovery by reducing the lactate concentration and heart rate
after high-intensity running (Lovell, Mason, Delphinus, & McLellan, 2011).
II.III.Sports shoes
The most important garment of an athlete is a sports shoe. Because this piece, carried on the foot before, during or
after the competition, directly affects its performance. Manufacturers who are aware of this develop this product
with various technologies. Particularly, producers engaged in work on sweating and air-breathing sometimes
produce shoes with adjustable feet, impact and floor adjustments with a new chip technology, sometimes with a
new fiber technology, and have effective shock absorbing properties during work and superior elastic properties of
the shoe sole to do so. One of the remarkable technologies is Elastopan technology. The world's first expanded
thermoplastic polyurethane, especially used by Adidas company in running shoes, is applied to all shoe types and
soles.
The UltraDry non-woven surface product, developed by the Italians, appears to have been used in the inner
footwear of shoes. When it comes into contact with water, the technology absorbs the moisture immediately and
encapsulates the layer found in a lower layer, creating a feeling of dryness on the soles of the feet with the help of
the microfibers they have. Microfibers with 110 - 30 times more absorbency compared to fibers produced by
conventional methods constitute the structure of this technology. With a special membrane developed, it is seen
that after the absorption of the nemesis, it is released out of the surface of the fabric without holding it, and the
chilling of the cold, which is formed by wetness.
II.IV.Swimming
Swimmer swimsuits and gym clothes are made from polyurethane foam (PUR) fibers called Spandex, Lycra and
Elastan, which have a 5 times longer stretch than their original length. In the same way, it is seen that the big sport
textile companies that produce athletic formulas use CoolMax fiber due to high moisture transfer, dry and
comfortable gripping, breathability, strength, flexibility and softness. Supplex fiber, a nylon variety developed by
DuPont, also finds use when it is used with lycra, due to its swimming clothes, aerobic clothing, waterproof and
breathable structure in leggings and tights. Supplex is more flexible, light and soft than Nylon due to its thinner
multiflament construction. Knitted fabrics containing spandex fiber are also preferred in these garments due to their
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elasticity and ability to fit the body. It is necessary to produce water-repellent, antibacterial, high-strength and
heat-insulating products for sportsmen in this branch. It is important to move the user quickly and easily. Especially
for swimming sports, swimsuits with anatomically adaptable body movements and non-blocking features are
required. These clothes occupy a large area on the body and take shape of the body and thus affect physical
activity.
If swimming sports are considered to be a sporting event that competes with the Olympics, especially in the
Olympics, any kind of advantageous design and innovation is so important for the athlete. Designed to inspire the
main bodies of the jets inspired by grooves to reduce the turbulence effect, the grooves placed in the backrest
provide a 3 percent increase in swimming performance. It has been determined that this product increases the
fluidity of the water on the back of your swim during swimming and reduces the weight of the water on your back by
an average of 70 kg.
A further advantage of creating swimwear suits in addition to driving comfort is the positive effect on aerodynamic
interaction of air and performance. In addition, the performance of the swimmer can be improved by reducing
swimmer friction. All of these features are directly related to the comfort of your swimmer and have a direct impact
on its performance (Oğlakçıoğlu, İlleez, Erdoğan, Marmaris, & Güner, 2013, Ölçer & Bengin, 2015).
II.V.Running and cycling sports
In running or cycling sports, the athlete is actively in motion every minute, and sweating is happening. If there is not
a layer that will distract the nemesis, the moisture will remain underneath or it will get wet with the clothes, causing
it to get wet. The Thermolite-based fabric used in this type of sport evokes a dry-warm feeling that is relieved of this
strain. The use of this technology is widespread especially in the tights of athletes who are interested in running
and cycling.
II.VI. Trekking and nature sports
In trekking and mountaineering sports, the most used product is sports shoes. The material used is characterized
by high strength, long service life and flexibility to maintain even at low temperatures. Especially the high strength
technologies used in products are an important criterion for choosing climbing shoes for mountaineers. Another
sought-after feature is water repellency. Elastomeric materials have been widely used for this reason. Thanks to
the layered structure and membranes used in shoes manufactured for outdoor sports, the product has water
repellency, breathability and wind resistance.
Most trekking and nature sports are also conducted by non-professionals. Especially trekking activities are known
to be a sport that everyone is interested in. But the professionals who play this sport have important features that
they are looking for when doing sports. The most important of these are blood flow velocity, air and water
permeability. The Energear product, developed by Shoeller, has been announced to accelerate blood flow and
increase the level of oxygen in the blood, thanks to far infrared rays that the body has been able to deliver. The
recovered beams by means of the developed mineral matrix are the result of this. Thus the feeling of premature
fatigue disappears and the product warms up in a shorter time, which increases the performance of the person. By
means of opening and closing the pores of the fabrics, optimum air and water permeability are tried to be provided.
Again, the same company has products that provide protection against UV rays with ColdBlack technology,
nanosphere technology and products with water and soil repellency (www.shoellertextiles.com).
II.VI.Gymnastics
Muscle system and body development are very important for both swimming and gymnastics. During the training of
the athlete the body must exhibit a correct posture. For this reason, athletic wear should provide an effective
movement. By transferring the energy just above the knee and wrapping the lycra power, the Adidas firm still uses
the technologies under the control of the power. HEYtex produces HEYsports fabrics for sports branches such as
gymnastics, judo, high jump. Fabrics are preferred due to their non-slip and high strength properties.
III. Conclusions
Whether as a professional or an amateur, the inclusion of people into sports life as a part of social life and the
increasing popularity of it, provides the development of sports products in terms of performance and usage as
much as diversity. Firms are trying to be oriented to various technologists and sportsmen as a result of both
increasing demand and professionalism. At the same time, the data such as speed and health of the athletes are
also followed up by these technologies. Any negative data that changes on this count can be intervened
immediately. The fact that the athlete's training and fitness history is kept in memory also makes it easier to
improve his performance schedule.
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The fact that the sport technical textile industry is increasing all over the country all over the country every year
shows that the demand for these products has increased and expectations have also increased. The sports
technical textures that come out in different branches, both equipment and clothes, should carry the elements of
fashion besides their performance characteristics. Clothing designed in the color or model appropriate to the
fashion is important. When athletes are competing in front of spectators, they can be in both superior and desire to
look good. Athletes' products, which are a prestige element for companies, are extremely important in terms of
increasing their market share and awareness.
The purpose of this study is to group the technical textiles used in different sports branches and to provide
information by scanning the articles in the literature. As the use of sports technical textiles increases and it is seen
that it will increase, it is aimed to be a preliminary information for future works.
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Abstract
With the rising demand for products made from denim, this type of fabric became one of the most frequently used material
that appeals to almost all age groups. Denim fabrics became an indispensable material in fashion industry thanks to
different types of washing methods and processes used. This is why meeting the consumer demands is a highly significant
competition element in the denim sector. The purpose of this study is to determine how fabrics are affected by color
extraction processes the producers use in their collection because of high demand from customers, and to analyze the
effects of washing methods commercially employed widely in the denim sector on the denim fabric. 3 different finished
fabrics were washed with 5 separate washing methods. Following the washing process, the fabrics’ tearing strength,
tensile strength, and resistance to sweat, color and rubbing fastness were measured, and as a result, no increase in
strength values was observed for rinse washed fabrics while the softeners used caused an increase in tearing strength.
The new generation denim fabrics, specifically Denim 2.0 and Denim 4.0 technologies were also analyzed in the study.
Keywords: Denim fabric, washing methods, denim 2.0, denim 4.0

I. Introduction
Around 1930s, because of evolving needs of the public, the meanings attributed to clothing in general, living
conditions of individuals as well as their statutes, beliefs and economic conditions, the denim fabric entered
into our lives thanks to its durability and strength, and in time became a style element. In fact, eventually
denim became more than a clothing item, and turned into a material widely used in home textile, accessories,
shoes, even in social life. Washing techniques were first applied to denim products in 1972, while in 1978
stone washing and in 1986 chemical washing shaped the appearances of these items; today, washing
methods became an indispensable procedure for denims in general. It is important to note that different
washing techniques and the effects these create widens the use of denim products into many areas. During
washing process, the fabric is exposed to many factors including washing solution, rubbing, wrinkling, heat
and various chemicals (Vildan & Kaplan, 2011). Furthermore, parallel to the developments in textile and
garment industry, the expectations of consumers from clothing items have increased and the concept of
comfort in clothing gained significance (Tyndall, 1992).
A literature survey reveals that many of the studies concentrate on physical changes in fabrics as a result of
various washing procedures such as rinse, enzyme, stone and bleaching commonly used in 100% cotton
denim fabrics. The procedure applied on 100% cotton denim fabrics with cellulose enzyme exhibits an
increase in slip rigidity both in weft and warp directions, but has a negative impact on tensile strength of the
fabric (Yang, Kan, Wong, & Law, 2013). Findings in some studies suggest that in enzyme-pumice wash of
100% cotton denim fabrics, due to the friction between the fabric and the pumice, the abrasion and enzymes
together hydrolyzes the fabric tips on the fabric surface which in turn causes a loss in strength and weight.
(Khedher, Dhouib, Msahli, & Sakli, 2009; Mezarcıöz & Toksöz, 2014; Mir, Hossain, Biswas, Hossain, & Idris,
2014; Sarkar & Elias Khalil, 2014; Sülar & Kaplan, 2011). The studies also reveal that during the washing
process, the cellulose enzymes damage some of the fibers, the strength of strands diminish due to the friction
between the stones and fibers and consequently, the denim garment’s rigidity decreases along with a fall in
yarn twists (Sarkar & Elias Khalil, 2014). In denim fabrics, after rinse washing, a minimum breaking strength is
observed in both weft and warp directions while after stone and bleaching processes, maximum loss is
detected. Findings also suggest that bleach washing damages the fiber structure when removing the pigments
in the fabric, and in 100% cotton denim fabrics, a 60 minutes chlorine bleaching causes a 40% fall in strength
(Khan & Mondal, 2014; Sarkar & Khalil, 2014). In a construction where warp yarn is densely used such as 3/1
Dimi, the degradation of wear and tear forces as a result of washing in for instance enzyme-stone is observed
to be more pronounced in the direction of warp yarn which is more exposed to mechanical friction and
chemical effects (Sülar & Kaplan, 2011; Tarhan & Sarıışık, 2009). J.H. Xin on the other hand studied the effect
of indigo dying on warp yarn, and reported the changing color measurements within the parameters of dye
concentration, number of dips, dye bath, pH, oxidation duration and temperature. The results indicate that
changing the dying parameters influences the color measurement results (Xin, Chong, & Tu, 2000). In another
study in which indigo dye is implemented in nylon 6.6 at different pH levels, the forms obtained at varying pH
1
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levels exhibited a separate affinity for each fiber. While non-ionic form exhibited the most affinity, the ionic form
demonstrated a relatively low affinity (Baig, 2010). The study conducted by Radhika et.al. on dying modal,
cotton and modal/cotton blended fabrics examines the process of dying fabrics, finishing and color properties
as well as fastness values. According to this, the dry rubbing fastness of all dyestuff looks better than wet
rubbing, and modal fabrics give better colorimetric results (Radhika & Moses, 2014).
II. Experimental Set-up and Procedure
The weaving, blend, and weight data of the fabrics used in the study plus weft – warp tearing strength figures
are given in Table 1. The table also indicates the amount of elongation and elasticity. While obtaining the tear
strength figures, measurements were performed based on TS EN ISO 13937-1 method. All of the fabrics
used in the study were woven in 3/1 Twill-Z pattern.
Tab. 1: Fabric Properties
Fabric
code

Weft
tearing
strength
(CN)

Warp
tearing
strength
(CN)

Composition

Elongation
(%)

Elasticity
(%)

Square
Mass
(g/m2)

FC1

4083.9

4096.8

100% Cotton

0.8

4

455

FC2

2715.4

4058.6

98%Cotton
2%EA

1.2

17.2

401

FC3

3226.6

3775.9

99%Cotton
1%EA

12

8

487

FC4

2137.4

2353.6

89% Cotton
%9PES
%2EA

4.4

50

359

FC5

4175.9

4300

81% Cotton
%14
PES
%5EA

2

36

467

The examination of Table 1 reveals that the heaviest sample (F3) also has the best elongation value. Even
though FC5 has better elastane rate, the elasticity gives better results in the sample FC4. The washing
processes performed on the fabrics are listed in the following tables.
Tab. 2. Processes performed on FC1
WASHING
Material

Water (L)

Duration (Min.)

Temperature (oC)

Chemical
Quantity (g)

Disperse

40

10

50

100

Stone Washing

70

30

20

100

Lyocell

40

10

50

100

Washing with rag
Laccase Washing

10
40

800

15

55
SPRAY

Material

Chemical Quantity

Area

PP Spray

40/20

Rodeo

Tab. 3. Processes performed on FC2
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WASHING
Material

Water (L)

Duration (Min.)

Temperature (oC)

Chemical
Quantity (g)

Disperse

60

10

50

150

Stone Washing

70

15

20

100

Lyocell

50

10

50

100

Washing with rag
Permanganate
Activator

35

200

With dry product*

50
FINISH WASHING

*Random clothes were initially submerged in water.

35 Minutes

*Additionally permanganate activator was added.

Chemical 150 g.

*Washed with detergent and 5L water for 5 minutes with 200g chemical.

Tab. 4. Processes performed on FC3
DRY PROCESS
*Whiskering with 280 emery
WASHING
Material

Water (L)

Duration (Min.)

Stone Washing

100

10

Bio-polish Enzyme

100

10

Temperature (oC)

Chemical
Quantity (g)
100

50

150

SPRAY
*Applied on Rodeo area with permanganate spray and 40/20g chemical.
FINISH WASHING
*Sulphuric Disperse was applied with 40L water for 5 minutes with 60g chemical.
Tab. 5. Processes performed on FC4
DRY PROCESS
*Whiskering and rodeo process with 280 emery
WASHING
Material

Water (L)

Duration (Min.)

Temperature (oC)

Chemical
Quantity (g)

Lyocell

50

25

50

100

Disperse

50

25

50

100

Stone Washing

70

8

20
SPRAY

*Applied on Rodeo area with permanganate spray and 40/20g chemical.
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FINISH WASHING
*Ozone was applied for 4 minutes.
Tab. 6. Processes performed on FC5
DRY PROCESS
*Whiskering with 280 emery
WASHING
Material

Water (L)

Duration (Min.)

Temperature (oC)

Chemical
Quantity (g)

Disperse

60

10

45

500

Enzyme Washing

50

10

45

100

*Fabric, after removed from washing, is rinsed and passed to finish washing.
FINISH WASHING
*Sulphuric Disperse was applied with 60L water for 5 minutes with 200g chemical.
*Softening silicon and 50L water for 5 minutes was applied with 300g chemical.

III. Analysis and Results
Denim fabrics were tested in two separate phases before and after washing, and all of the tests were
performed in BAYKANLAR textile company’s laboratory in accordance with ISO standards. The samples were
tested for tear strength with Elmendorf Ballistic Pendulum Method and for tensile with Titan Universal Strength
Tester in order to identify pH, color, perspiration, and rubbing fastness values.
Tab. 7. Test results of fabrics before and after washing
Test

FC1

FC2

FC3

FC4

FC5

Mass square
(g/m2)

Before

455

401

487

374

467

After

451

387

484

359

465

Tear Strength
(CN)

Before

Weft

3000

2500

3000

2000

3000

Warp

3000

3000

3000

2000

3000

Weft

4083.9

2715.4

3226.6

2137.4

4175.9

Warp

4096.9

4058.6

3775.9

2353.6

4300

Weft

820

800

820

820

1100

Warp

900

900

900

900

900

Weft

900

830

860

860

1650

Warp

1100

920

920

920

1050

Before

6.1

6.4

5.5

5.5

6

After

7.2

7

6.7

6.7

7.1

Before

3-4

4

3

2-3

2-3

After

3-4

3-4

3

3

3

After

Tensile
Strength (N)

Before

After

pH

Perspiration
Fastness
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Color
Fastness

Before

4

3

3

1-2

3

After

4

3

3-4

3-4

3-4

Rubbing
Fastness

Before

Dry

3

3

2

2

2

Wet

2-3

3

3

2-3

2-3

Dry

3

3

2-3

2-3

2-3

Wet

3

2

2-3

2-3

2-3

After

IV. Conclusions
Meeting the consumer demands is a highly significant competition element for the denim sector. Main
purpose behind this study is to try to obtain the colors preferred in denim collections in line with customer
demands and to provide a contribution to the literature with a research that is implemented and its results
analyzed.
In line with this purpose, the fabrics assessed in this study were compared before and after washing, and
considerable mass losses were observed in samples FC2 (14g) and FC4 (15g). The samples FC1, FC2 and
FC4 were washed with Lyocell. Lyocell washing is a process performed to nap the fabric to some extent and
lighten it by creating a weight loss. The application duration and quantity of FC2 and FC4 was higher than FC1.
This explains the considerable weight loss. Furthermore, PP Spray process performed with rag washing and
laccase washing on FC1 minimized the mass loss created by lyocell. When tear strength values were
assessed in weft and warp directions, an increase was observed in both directions in FC1 because of excess
application (weft: 1083.9, warp: 1096.9). The sample that exhibited the highest increase in tensile strength in
weft and warp yarn directions was FC5. The weft yarn in this instance increased by 550N and the warp yarn
showed an increase of 150N. The pH value of the samples displayed a rise between 0.6-1.2. While
perspiration fastness values remain the same in general, the color fastness analysis indicated an increase
from 1-2 to 3-4 in the sample FC4. This might be explained by the dyestuff, used during the washing process
applied on sample FC4, leaving residue on the fibers and the rise in the color intensity due to the structural
changes in the dyestuff molecules. When rubbing fastness values were evaluated, no significant difference
was observed before and after washing between dry and wet rubbing fastness, however the sample FC2
experienced a fall in wet rubbing fastness after washing. This might be due to the fact that the sample was
processed with permanganate activator both in dry and wet form.
V. New Trends
VI. Denim 2.0 Technology
The word “Fit” in terms of apparel is both a name and an adjective used to describe human body. Den /IM 2.0
smoothly brings these two senses together: Athleisure as an area that is already an innovation in itself in body
mapping technology, denim pants is a true revolution. As a reaction to global warming, companies are
supporting Den / IM 2.0 to meet the market demands of fashion active wear. In this context, new collections
are created by superior fit and performance and seamless knitting efficiency using new, sustainable
operations and TENCEL® lyocell body wash indigo fabrics that involve advanced mapping for branded fabrics.
Each knitted garment in Den / IM 2.0 collections contains different fiber combinations and knitted structures to
create a unique cross-over concept. Every innovation is designed to integrate the advantages of athletic wear
into authentic denim world. The unique functionalities of Den / IM 2.0 provide superior moisture absorption by
incorporating TENCEL® in a unique two-layer construction. These high performance yarns provide superior
temperature regulation and a perfect microclimate for the skin. This production engineering in turn allows the
development of seamless fabric thickness padding that provides greater physical protection without
compromising moisture management or thermal regulation. Body-mapping ensures that the engineered
ventilation areas and 3D knitted structures are where they are most needed in every garment.
VII. Denim 4.0 Technology
Denim trends in the future will not be determined by color, but by performance or hemline, experts say, with
high-tech fabrics being incorporated in the tried-and-true format of jeans. A fixture in virtually every closet,
jeans used to be the go-to casual apparel for days. With the pace of change in the textile industry seeming to
increase at an ever-faster rate, it is more and more important to stay ahead of the curve. Denim 4.0 has been
released by Denim Clean Technology Sector to connect sustainable processes and smart manufacturing.
5
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Indigo Flow is a combination of the Clean Flow process and a more eco-friendly indigo dyeing process. Flower
Reserve can reduce water usage by up to 70% savings through the water at feeding and finishing stages,
while energy is saved by elimination of heat during the fixing process. A typical pair of blue jeans which is
produced with conventional denim processes consumes 3479 liters of water during its life cycle. But Denim
4.0 revolution minimizes the use of water consumption up to almost 1 cup. The synthetic chemicals as
petro-chemicals, dye fixatives, oxidizing agents, reducing agents and in the final step, bleaches and heavy
lightening agents are harmful to the workers who breathe it, and when not treated properly, will pollute and
change the pH of the water. Denim 4.0 revolution, by employing robotic and automation technologies that
ensure manufacturing and standardization, minimizes energy consumption and labor costs with zero labor
mistake ("Denim Technology Drives Eco-Friendly Future," 2018).
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Abstract:
Textile and fashion industry, which is one of the dynamic sectors of today, evolves towards more innovative, technological,
functional, aesthetic and creative looks than traditional structure by experiencing radical changes in terms of used materials and
production methods, models and silhouettes and also marketing methods in recent years.
Innovative products, such as new textile fibers, technological textiles, intelligent clothes, intelligent textiles, which have been put
forward as a result of technological developments and collaborations experienced in industries such as textile, chemistry,
computer, electrical-electronic and machinery have gained considerable importance nowadays, increasing.
In this context, the clothing needs and expectations of a social being are also rapidly changing due to the environment and
conditions they live in, socio-cultural needs, economic and psychological conditions, and especially dynamics such as fashion.
In this study; technological fibres, fabric constructions and usage in garment production will be examined and the ideas and
expectations about innovative products will be evaluated by examining the samples from the works carrying the quality of
innovation in the axis of the manufacturer and fashion designers.
Keywords: Technological Fibres, Clothing Design, Innovative Appearances, Expectations

I. Introduction
Fashion is a concept triggered by social, cultural, economic, political and psychological factors that are under
constant influence and which are influenced by massive masses. Individual perceptions such as innovation and
desire for change, liking, liking, pioneering, differentiation, acceptance are also included. (MÜSİAD, 2009). Design
is the mental process of putting forth a product, a production method or a system in general terms; in a more specific
sense, it refers to the act of forming the form of something into the mind, creating the form, and then drawing it into
the plan, the drawing, the account. (İşbilen, 2007). Design involves both functionality and creativity. (Önlü, 2004).
Fashion design is interpreted in two and three dimensions by a series of research and development studies by the
designer on a subject, clothes suitable for the consumer and the producer's social and economic structure. Model
drawings and their transformation into a two-dimensional; application of the molds to the fabric, trial and sewing
work and the obtained models are three dimensional designs. While designing a product, the fashion designer
follows the technological developments closely; new needs and problems. It also looks at the criteria such as
functionality, ergonomics, material knowledge, marketability, production methods and provides solutions to design
problems with an aesthetic view. (MÜSİAD, 2009). Fashion designs are not always made according to these criteria.
There are also special designs for artistic purposes that do not aim at clothing, marketing or the like. Whatever the
purpose, the designer is; must be innovative and unique, closely follow the technology, and dominate new materials
and technologies. Fashion designers have exploited new materials and techniques besides conventional materials
and techniques, making use of the advantages of technology, have expanded their expression areas; technical and
intelligent textiles. Designers use technical and intelligent textures to solve design problems; designers, users and
the environment by linking design, interactive approaches are realized. (Önlü, 2004).
Smart textiles constitute a significant part of the studies carried out in the field of textile parallel to the superior
physical and performance characteristics expected of the products used in the field of developing technology and
textile. Smart textiles; can be defined as structures with the ability to sense and react to any external influences in
addition to the protection and decoration features of natural textile atmospheres that standard textile products have.
Constructs that react to effects without needing to check and structures that automatically react in the face of events
have found themselves in the literature as intelligent products. (Kayacan ve Bulgun, 2012: 30). Smart textiles are
emerging as products resulting from the combination of different disciplines such as textiles, materials science,
design, electronics, medicine and computer science, with their technology and expected superior features. (Akçali,
2016)
1
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Smart textiles are one of the areas where technical value is highest and high technology is used in technical textiles.
Electronic textiles are at the forefront of technical textiles. With the development of technology, conductive fibers
that can be integrated into textile products have gained a new identity with the name of wearable textile in the textile
sector and products that facilitate everyday life have begun to be produced. (Yalçınkaya and Yılmaz, 2011).
Technical textiles are textiles that are developed for their technical properties and performances and used in fields
such as automotive, construction, agriculture, clothing, geology, home textile, filtration, transport, cleaning, hygiene,
medicine and personal protection. (MUSIAD 2009). Smart textiles are the highest textiles that are produced as a
result of interdisciplinary studies in fields such as electrical and electronics engineering, computer engineering,
textile engineering, medicine and design, and which are capable of detecting any effects or reacting to the effects
they perceive and in technical textiles.
Fashion designers such as Huseyin Caglayan, Vega Wang, Ying Gao, Lynne Bruning, Ezra and Tuba Cetin, Pauline
Van Dongen, Amy Winters and big firms like Cutecircuit, Philips, have designed clothes using intelligent textiles.
Smart garments have also begun to be produced thanks to collaborations between big companies like Google and
Levi's, Stella McCartney and Adidas, Ezra-Tuba Cetin and Intel, or the fashioners. (Balkış and Ağaç, 2017) Design
is a thought process that responds to what is desired in essence. This process incorporates both functionality and
creativity. Designed in the design phase, the product must first be functional. A garment should serve a specific
purpose, such as covering our bodies. Secondly, the aesthetic image must be out of the ordinary, with a different
visuality than similar ones. Creativity shapes both functionality and aesthetic appearance in a design. The designed
product can also give a visual aesthetically similar to the others, with a different or second function apart from the
usual one. (Önlü, 2004).
In recent years, the limits of design problems, new technologies, new management strategies, new social forces
and intellectual currents have begun to expand the influence of product design. For this reason, the old components
of design practice are now inadequate, which leads to changes / conversions in the academic environment, in
design practice, in the context of many definitions and concepts related to design. (Dereci, 2013)
In the information society, the needs and consumption criteria of the individual who has undergone social and
psychological transformation due to production, economy and pace of life have also changed. The information
society has brought together the information industry, which includes communication, art and ethical industries.
Thermal, thermal energy, yoga, massage and relaxing fragrances, vitamins, products that delay aging are on the
agenda in the health sector as they are introduced to the shopping in the virtual environment through consumer,
large shopping centers and international information network (internet) which are part of information society. The
increasing need for new values and expectations have brought new approaches to exhaustion and new design and
product insights that emphasize the individual's uniqueness. Since the 1970s, designers have brought to the
forefront the design principles that are compatible with environmental pollution, ecology, recycling, and environment
with the increasing environmental awareness in the public. "From the 80's and 90's, three distinctive concepts have
emerged in the field of design:" design for need "," design that can be demounted "and" design for recycling ". It is
expected that a design is in harmony with the environment, that the user is fit for the environment, is sufficient for
common use, and that the consumer is sensitive to the environment by responding to their needs instead of their
willingness. (Halaçeli, 2008).
While the features such as function (function), aesthetics, difference (creativity) are expected from the design at the
beginning, the use of new techniques and technologies has come to the fore in order to meet these expectations
and other values such as designers, multi-functionality (multifunctionality) (for example, when the sock initially
performs the function of protecting against cold and friction, it is diversified into materials such as acrylic, nylon,
viscose, cotton, bamboo, organic cotton to meet the needs such as heating and damping according to the situation,
enriched with elastic fibers to provide comfort, produced in various lengths according to customer expectation, can
be produced in thousands of varieties in various colors and designs with different knitting techniques in order to
provide aesthetic satisfaction and differentiation and to provide side functionalities other than the main function such
as environmentally sensitive product slogan and / or perfumed, anti-bacterial.
A product is a designer who is able to make a positive difference and benefit from other similar products. At the
point where the designer's innovative alternatives are starting to narrow down, new technologies and inventions will
lead the design with an innovative approach and the designer will be able to create new visions.
It is anticipated that designers are moving towards becoming more technologists, as fewer artists are now becoming
more technologists, as conventional (traditional) techniques in clothing design and production today have left their
place to new materials and new techniques that force imagination. Fashion in the context of fashion and technology
in terms of technological innovations; laboratory researchers, academicians and fashion world. The concept of
futuristic fashion aims to be a guide to inspiring clothing that will take its place in clothes closets tomorrow. (Kutlu,
2014).
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At this point in the design, the use of innovative materials in the textile and fashion design has come to face in the
face of designing clothes with conventional fabrics and sewing-sewing techniques, or with customary methods such
as weaving, knitting, dyeing and patterning techniques in material stepping. Smart / intelligent textiles and / or multifunctional textiles will be able to accommodate designers as alternate application references.
Smart textiles are textiles that have the ability to detect and respond to any effect (light, heat, pressure,
electromagnetic waves, sound and sound waves, movement etc.) or effect change in addition to protection and
decoration properties of natural textile products products. Multifunctional textile products are products that fulfill at
least one additional function in every kind of area we can not even imagine today, especially in the areas of health,
security and information, besides protecting people from natural atmospheric conditions and decorating them.
(Tarakçıoğlu, 2002)
II. Analysis
Textile and garment designing products developed in recent years are produced by using many materials and
techniques developed for different purposes, inspired by the developments in technology and other design and
production fields. In this context, art is integrated with science in terms of textile and fashion design. In the age of
information, as the ways of designing high-quality products with product and material technology change, it is
foreseen that the higher the interest of people in these products, the more performance-oriented, high-tech products
will dominate the environment. (Erbıyıklı, 2013).
The importance of the design concept in the textile industry has triggered the developments in textile technology
and removed the boundaries between the uses of the materials in the developments in materials. The daily outwear
extension of the sportswear, the effect of the safety and protective fabrics on the wear of the ebb is the example.
These moving production areas on their way are now revealing innovative possibilities to be seen in the fabrics of
the future. These innovations have created the need to develop simpler but technologically more ambitious designs
in the fashion of designer clothes and fabrics. In the end, clothing has shifted to wearable technology with an artistic
expression or electronic applications with its powerful design infrastructure. The clothes of the new age will have
many features both aesthetically and technologically.
Digital technologies, which are interpreted as turning points in the design, have actually intertwined the field of art
and design and led to new forms of expression. Apart from classical fields of art, many new fields have emerged
which are connected to digital technologies. This situation has opened the debate on fashion design with a
completely different dimension. (Bayburtlu, 2015). While cooperation between technology and fashion is
accelerating, the most debated and problematic issue is how innovations based on science and technology will be
adapted to the clothing design process. As the team, possibilities and processes of both areas have quite different
infrastructure until recently, discussions on common method development are continuing. The sources of innovative
influences in today's fabrics are based on the innovative and researching work of Japanese designers in the 1980s.
The Japanese have mastered the combination of technology and old handicrafts in the second half of the 20th
century. The most important fashion designers, Issey Miyake, Reiko Sudo, Makiko Minagawa and Hiroshi
Matsushita have been directly responsible for the fabric. While the yarn, weaving, coloring and finishing processes
bring together handicrafts and synthetic materials until the slightest bending or piling, the inventors and creators
collaborate to create creativity and innovation on the fabric surfaces (Handley, 1999:129).
Nanomaterials, biosynthetic composite materials, carbon nanotubes, photonic materials and nanotechnological
fabrics produced by applying them in the field of textile, technical and intelligent textiles and biomimetic textile
applications can be given as examples of innovative fabrics revealed by developments in materials science.
Nanotechnology applications in textile materials are divided into new textile materials with different functions,
namely nanofibers, nanotubes, nanocomposites and nanotechnology, and textile materials with improved functions
and performances. (Cireli and etc.2006)
II.I. Examples For Clothing Integrated With Technology
Significant developments in the technology of technical textiles in the 1980s allow for the design of intelligent textiles,
nano textiles and electronic textiles functional fabrics. Leading fashion designers have realized how important the
future of fashion is in innovative textiles in the field of tissue technology and the importance of their collections for
their authenticity and attention. For this reason, fashion designers; engineers, scientists, textile designers carry out
projects or research a wide variety of new fabrics they find themselves. The wearable technologies that design,
engineering and science meet in the 21st century promise a transformation in the body's perception. Technology
product textiles are redefining fashion clothing products; portable technology and accessibility to the internet
network allow modern people to carry and share with collective intelligent clothes. (Quinn, 2010,).
Hussein Chalayan: Fashion designer hussein chalayan is equally known for his unusual fashion designs, as he is
3
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for his art and design projects. He was named the british designer of the year twice (1999, 2000) and uses to
integrate innovative materials and technology into his designs. Hüseyin Çağlayan is a pioneering designer who has
turned smart materials into products that can potentially interact with clothes and wearable performance art and has
been successful in many successful cases.
"Before Minus Now" which focuses on the relationship between human nature and technology can be shown as
one of these examples. The collective dresses consist of rigid and moving panes with irregular geometric shapes.
The tulle texture emerges through the hard panes that move out of the garment working with a remote control
system. This dress is an edition of one that was first shown in Chalayan's spring/summer 2000 collection. Like the
original, it is made of a composite material created from fiberglass and resin cast in a specially designed mold. Also
like the original, it has side and rear flaps that open to reveal a mass of frothy pink tulle. While these flaps are
operated manually in this model, in the original they were operated mechanically by remote control.
(https://www.metmuseum.org/art/collection/search/124594)

Figure 1. Hüseyin Çağlayan, Year 2000 Spring Collection
Source : https://www.google.com.tr/search?tbm=isch&q=before+minus+now (Date of access:03.03.2018)
Ryan Genz ve Francesca Rosella “CuteCircuit”: Established by British designers Ryan Genz and Francesca
Rosella, CuteCircuit, an internationally renowned fashion house, has been pushing the boundaries of wearable
technology since 2004. A global leader in interactive fashion, CuteCircuit has introduced many ground-breaking
ideas to the fashion world by integrating new beauty and functionality through the use of smart textiles and microelectronics.
The Sound Shirt, produced in 2016, is a wearable technology product that allows you to feel it by converting it into
sound vibrations. The garment created in cooperation with the Junge Symphoniker Hamburg Orchestra in Germany,
CuteCircuit, is a technological garment that enables the hearing impaired to perceive music. After six months of
research and development, the Sound Shirt is translated into vibrations by translating sounds. Each instrument
played by the orchestra is translated by a garment dependent software. The Soundshirt features 16 micro-actuators
embedded in the fabric of the garment, these actuators receive wirelessly and in real-time the music, transformed
in data, that is captured on stage while the orchestra is playing. In this way the violins can be felt on the arms and
the drums on the back creating a fully immersive feeling for a deaf audience member.
Essentially the entire composition comes to life as a language composed of a series of haptic (touch-like) sensations
across the torso of the person wearing the shirt. The design of the shirt is comfortable and made of soft stretch
fabric, there are no wires in the garment as it is built using the most advanced smart textiles and wearable technology.
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Figure 2. Ryan Genz ve Francesca Rosella, “Soundshirt”, 2009.
Source: http://cutecircuit.com/soundshirt/ (Date of access:05.03.2018)
Ying Gao: Ying Gao, a Montreal-based fashion designer and university professor, has been involved in many
creative projects. Ying Gao interrogates our assumptions about clothing by combining urban design, architecture
and media design. It explores the structure of the garment and is inspired by the transformations of the social and
urban environment. According to him, design is not the field of textiles but the environment in the technology, and
sensory technologies enable the clothing to become more poetic and interactive. In Gao's work, design makes the
concept of garment more humorous and interactive as a tool shaped by technology.
Ying Gao designed three dresses that could react to their presence in the "WALKING CITY" work she was working
on, inspired by Origami and Archigram. The first garment has touch sensitive sensors placed behind the garment.
The second garment has a susceptible sensor activated according to the breathing of the wearer. The third garment
is moving when approached. The pneumatic system in the garments analyzes the user's movements, voices and
breathing speed.

Resim 3: Ying Gao, “Walking City”, 2009.
Kaynak: http://yinggao.ca/eng/interactifs/walkingcity (Erişim Tarihi: 10.03.2018).
III. Conclusions
In the twenty-first century, intelligent textiles have an important place in the textile and apparel sectors. In the near
future, it is suggested that smart textiles will constitute the most important part of textile and ready-to-wear sector
in terms of value. Functionality in fashion history is at the forefront as never before. In today's historical process,
clothing is increasingly relieved, providing the user with comfort and convenience. Clothing now promises to support
human mind and communication skills as well as providing physical ease and performance.
5
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From 2000s onwards, the production of fibers and fabrics based on performance and functionality in technical
textiles, in wearable technology product designs, especially with the downsizing of the dimensions of technological
devices, is becoming widespread. From technical textiles to smart textiles, from nano textiles to electronic textiles,
technology has become even more prominent in fashion designs over time.
When considered in terms of art and design, it is important for artists and designers to follow the developments in
order to catch, understand and interpret the time they have lived and use them in their studies. In this sense, Industry
4.0, which aims to bring together information technology and industry as the agenda of fashion design, seems to
be important for the future of fashionable wearable technology. With the further development of materials and
technological features, the fashion products to be created will become widespread in the next decade. For this
purpose, interdisciplinary studies involving composite materials, material science, textile technology and electronic
sciences will be intensified. Fashionable designers who will design functional fashion products with wearable
technology, visionary products that will transform high-tech materials into clothes will be on the agenda. (Yetmen,
2017). In the near future, the follow up of new methods and technologies in garment production will become more
important.Today, many institutions, universities and designers are making serious investments and working on the
solution of the problems of production and will continue to work. Considering that textile and fashion designing can
produce high value added innovative and technological products, it will be a global competitive advantage.
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Abstract
The effects of multi-walled carbon nanotubes (MWCNTs) on fire behavior of phosphorus-based flame retardant
(PBFR)/polypropylene (PP) were investigated. Two different type phosphorus-based flame retardant that commercially available;
ammonium polyphosphate-based (Exolit AP 760) and organic phosphorous-based (Aflammit PCO 900) powders were studied
to enhance the flammability of polypropylene. Phosphorus-based flame retardant content was fixed at 8 wt% of total flame
retardant (FR) formulation. MWCNTs was incorporated into FR formulation at four different concentrations (0.5 wt%, 1.0 wt%,
1.5 wt% and 2.0 wt%). All composites were prepared by melt compounding in a twin-screw extruder followed by injection molding
technique. Thermal properties and flammability of the prepared samples were determined by thermogravimetric analysis (TGA),
limiting oxygen index (LOI) and micro combustion calorimetry (MCC). Incorporation of organic phosphorous-based powder into
PP matrix showed a better fire performance compared to ammonium polyphosphate-based flame retardant by resulting an 11.6%
higher LOI value. The LOI values decreased with the incorporation of MWCNTs into PP/PBFR combinations; however, they still
increased the thermal stability of each respective system. The addition of 2.0 wt% MWCNTs decreased the LOI value of
PP/organic phosphorous-based FR system 5.2% higher than PP/ammonium polyphosphate-based FR system. The heat release
rate of PP is reduced in the presence of both PBFRs, but; increased with the introduction of MWCNTs.
Keywords: technical textile, flame retardant, polypropylene, carbon nanotube, micro combustion calorimetry.

I. Introduction
Flame retardant polypropylene (PP) fibre is widely used in textile industry and related fields such as transportation,
electric wire and cable, and decorative materials, due to its good processing performance, excellent chemical and
thermal resistance in addition to its low cost(Du, Guo, & Fang, 2009). PP burns rapidly without leaving a char residue
due to its fully aliphatic carbon structure (Zhang & Horrocks, 2003). Phosphorous based flame retardant additives
for PP have gain importance for more than 30 years after realizing health and environmental impact of halogenated
compounds because of toxic gas and smoke formation(Antoš & Sedlář, 2005). However, high levels of loading of
phosphorous-based flame retardant additives are generally needed to achieve a reasonable flame retardancy which
limits the applicability of polypropylene in some fields like fibre spinning (Horrocks, 2011). By incorporating synergist
additives into the system, the concentration of PBFR additives can be reduced.
Carbon nanotubes (CNTs) are flame resistant and thermally anisotropic. They can be a good candidate as a
synergist for the PP/PBFR combination. Low loading rate of CNTs (<3 wt%) has been reported to enhance the flame
retardant properties of different polymers (Kim & Davis, 2014; Laoutid, Bonnaud, Alexandre, Lopez-Cuesta, &
Dubois, 2009; Liang, Neisius, & Gaan, 2013; Yin, Krifa, & Koo, 2015). CNTs are fascinated class of nanoparticles
which act as a carbon source, forming a heat shield over the polymer layer. It has the protective layer with a
continuous network structure that promotes the flame retardancy of the polymer composites. Kashiwagi et al. (2002)
revealed that multi-walled carbon nanotubes (MWCNTs) enhance the thermal stability of PP and significantly reduce
the heat release rate of PP. On the other hand, Shahvazian and Seyedmir (2012) found that MWCNTs interfere with
thermal stabilization and flame retardation efficiency of both APP/PER and red phosphorus flame retardant systems
in the PP.
The class of phosphorus-based flame retardants covers a wide range of inorganic and organic compounds,
including phosphates, phosphonates, phosphinates, phosphine oxides, phosphates and red phosphorus (Laoutid
et al., 2009). In this work, two different type of PBFR were chosen to investigate their effects on the flammability of
polypropylene in the presence/absence of CNTs; an inorganic PBFR (ammonium polyphosphate, Exolit AP 760)
and an organic PBFR (cyclic phosphonate, Aflammit PCO 900). All samples were blended in twin screw micro
compounder and injection molded. Thermal properties and flammability of the prepared samples were determined
by thermogravimetric analysis (TGA), limiting oxygen index (LOI) and micro combustion calorimetry (MCC).
1
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II. Experimental Set-up and Procedure
Materials
APP-based IFR (Exolit AP 760, industrial) was obtained from Clariant Plastics and Coatings AG, Germany. Cyclic
phosphonate (Aflammit PCO 900, industrial) was supplied by Thor GmbH, Germany. Isotactic polypropylene with a
melt flow index (MFI) of 35 g/10 min (230◦C, 2.16 kg) was used. Multi-walled carbon nanotubes (MWNTs) (Purity:
>95%, specific surface area: > 200 m 2/g, average diameter of 10 - 20 nm, and length of 0.5 - 2 μm) were purchased
from Grafen Co., Turkey. All the materials were used directly without further purification. APP-based IFR (Exolit AP
760) and cyclic phosphonate (Aflammit PCO 900) were represented by FR1 and FR2, respectively, within the entire
text.
Methods
Reference PP and phosphorus-based flame retardants (PBFRs) were dried in a vacuum oven at 65 °C for 3 h before
use and were mixed in the presence/absence of CNTs by using a mechanical mixer before processing. Samples
were compounded by a twin-screw micro compounder operated at 180°C and molded by injection (DSM Xplore,
The Netherlands). The total content of phosphorus-based FR was kept constant (8 wt%) in the formulations. The
loading of CNTs was differed from 0.5 wt% to 2.0 wt% to investigate its effect on the flammability of PP/PBFR
composites (Table 1). The maximum loading of PBFRs and CNTs were held constant at 10 wt%. This maximum
value was presumed to be an upper limit to consider their potential use for polypropylene fiber spinning (Horrocks,
2011).
Tab. 1: Sample compositions with respective LOI values
Sample ID
Ref_ PP
PP-CNT0.5
PP-CNT1.0
PP-CNT1.5
PP-CNT2.0
PP-FR1
PP-FR1-CNT0.5
PP-FR1-CNT1.0
PP-FR1-CNT1.5
PP-FR1-CNT2.0
PP-FR2
PP-FR2-CNT0.5
PP-FR2-CNT1.0
PP-FR2-CNT1.5
PP-FR2-CNT2.0

PP wt%
100
99.5
99.0
98.5
98.0
92.0
91.5
91.0
90.5
90.0
92.0
91.5
91.0
90.5
90.0

FR1 wt%
8
8
8
8
8
-

FR2 wt%
8
8
8
8
8

CNT wt%
0.5
1.0
1.5
2.0
0.5
1.0
1.5
2.0
0.5
1.0
1.5
2.0

LOI%
19.0
19.8
19.8
19.9
20.4
20.7
20.7
20.4
20.4
19.8
22.9
22.1
21.6
21.2
20.7

III. Analysis
The limiting oxygen index (LOI) values were measured by LOI test device (Concept Equipment, United Kingdom)
according to ASTM D 2863.
Thermal analyses were carried out on a thermal analyzer (Q600 SDT, TA Instruments, USA). Samples of 10±0.1
mg were heated in alumina pans from room temperature to 800 °C at a heating rate of 10 °C/min under nitrogen
flow.
The micro-combustion calorimeter (MCC) tests were conducted according to ASTM D7309-2007 (Method A) using
a micro calorimeter (FAA Micro Calorimeter, Fire Testing Technology, UK). About 3 mg sample was heated from
150 °C to 750 °C using a heating rate of 1 °C/s in a continuous stream of nitrogen flow (80 cm3/min). The thermal
decomposition products (also called “fuel gases”) were mixed with the stream of oxygen (20 cm 3/min) before
entering a 900 °C combustion furnace to calculate the data which were determined by oxygen consumption.
IV. Results and discussions
Limiting Oxygen Index (LOI)
The LOI value of reference PP (19%) increased to 19.8% by the addition of only a small amount of CNTs (0.5 wt%).
Incorporating more CNTs did not further increase the LOI up to the addition of 2 wt% which improved the LOI to
20.4%. When 8 wt% of ammonium polyphosphate-based and organic phosphorous-based FRs were introduced in
the PP matrix, LOI value of reference PP increased to 20.7% and 22.9%, respectively (Table 1). Incorporation of
0.5 wt% CNTs did not alter the LOI value of PP/FR1 blend. The addition of 1.0 wt% CNTs to this system resulted
in a slight decrease of LOI value. When 1.5 wt% CNTs was introduced, the LOI value remained constant; however
further decreased by the addition of 2.0 wt% CNTs. For the PP/FR2 system, the addition of CNTs reduced the LOI
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down even in small amounts (0.5 wt%). The higher amount of CNTs was incorporated the more reduction of LOI
was concluded. Adding 2.0 wt% CNTs into PP/PBFR system decreased the LOI value by 4.4% and 9.6% for
samples extruded with ammonium polyphosphate-based and organic phosphorous-based FRs, respectively.
Thermogravimetric Analysis (TGA)
TG and DTG curves of all investigated systems are shown in Figure 1. The detailed thermal decomposition
temperatures are shown in Table 2. Tmax is defined as the temperature of the maximum weight loss rate.
TGA curves revealed that a single stage decomposition had occurred for PP/CNT (Figure 1a) and PP/FR1/CNT
(Figure 1c) samples initiated above 350 °C. For the PP/FR2 system, all flame retardant formulations showed a twostep decomposition process that starts at around 250 °C and 389 °C for first and second steps, respectively (Figure
1d). Reference PP showed a maximum of weight loss at 454.6 °C.
For the PP/FR1 system, the onset temperature did not alter compared to reference PP. The addition of ammonium
polyphosphate (FR1) to PP did not result in a change of the maximum mass loss rate, however, Tmax increased from
454.6 °C to 463.3 °C. The maximum mass loss rate resulted in a gradual rise with an increase of CNTs loading,
exhibiting a higher Tmax. Incorporation of CNTs to this system shifted the mass loss temperatures at 10 wt% and 50
wt% towards higher temperatures when the amount of CNTs in the PP matrix was increased. The residual masses
at 500 °C and 700 °C were also increased with the addition of CNTs to this system (Table 2).
Fig. 1: TG and DTG curves of a) PP/CNT, b) PP/FR1-FR2, c) PP/FR1/CNT and d) PP/FR2/CNT systems

a)

b)

c
)

d)

For the PP/FR2 system, the onset temperature shifted 17.5 °C lower compared to reference PP. Tmax of reference
PP increased from 454.6 °C to 456.4 °C by the addition of organic phosphorous compound (FR2), resulting the
maximum mass loss rate almost intact. After the corporation of increased loading of CNTs, both the maximum mass
loss rate and Tmax of these samples were increased correspondingly. Similar to PP/FR1 system, decomposition
temperatures at 10 wt% and 50 wt% shifted towards higher temperatures by the incorporation of an increased
amount of CNTs. Residue formation at 500 °C and 700 °C increased from the addition of CNTs (Table 2).
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Tab. 2: TGA data of the samples in nitrogen.
Sample ID
Ref_ PP
PP-CNT0.5
PP-CNT1.0
PP-CNT1.5
PP-CNT2.0
PP-FR1
PP-FR1-CNT0.5
PP-FR1-CNT1.0
PP-FR1-CNT1.5
PP-FR1-CNT2.0
PP-FR2
PP-FR2-CNT0.5
PP-FR2-CNT1.0
PP-FR2-CNT1.5
PP-FR2-CNT2.0

T10%
425.8
440.6
443.9
444.2
444.4
425.8
432.6
437.1
440.9
441.4
408.2
428.3
422.0
428.6
428.3

T50%
451.2
456.0
459.2
459.8
459.9
458.2
461.7
462.5
464.7
464.8
454.0
454.9
458.3
458.9
459.5

Tmax
454.6
456.7
463.4
463.5
463.6
463.3
465.4
466.6
467.9
468.1
456.4
457.5
462.5
463.1
463.6

Residue @ 500°C (%)
0.26
1.00
1.04
1.33
1.61
3.61
3.71
4.67
4.81
5.48
0.29
0.56
1.58
2.10
3.26

Residue @ 700°C (%)
0.22
0.84
0.96
1.25
1.56
2.61
3.10
4.30
4.37
5.09
0.16
0.49
1.47
1.97
3.19

MCC Heat Release Parameters
MCC was utilized to assess the flammability of reference PP and its PBFR composites in the presence/absence of
CNTs. The HRR versus temperature curves are depicted in Figure 2 and the corresponding heat release parameters
are listed in Table 3. HRR is the most important parameter in characterizing combustion behaviors, evaluating and
predicting fire hazards of flammable materials (Babrauskas & Peacock, 1992). PHRR refers the highest rate of heat
release that a flammable material can produce. The higher the PHRR is, the more destruction a flammable material
will cause under fire scenario.
Fig. 2: Peak heat release rate (PHRR) curves over temperature for a) PP/CNT, b) PP/FR1-FR2, c) PP/FR1/CNT and d)
PP/FR2/CNT systems

PP is a highly flammable material with a peak heat release rate (PHRR) of 1134.7 W/g, heat release capacity (HRC)
of 1164.0 J/(gK), total heat release (THR) of 43.9 kJ/g and temperature at PHRR (TPHRR) of 478.4 °C. With the
addition of FR1 in PP matrix, the PHRR decreased significantly from 1134.7 to 1078.5 W/g (5.0% reduction); and
HRC decreased from 1164.0 to 1102.0 J/(gK). When FR2 was introduced to PP matrix, the PHRR decreased
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significantly from 1134.7 to 1023.7 W/g (9.8% reduction); and HRC decreased from 1164.0 to 1045.0 J/(gK). This
decrease could be attributed to a barrier effect formed from these FRs which protects the PP composite by forming
a char layer during combustion (Rabe, Chuenban, & Schartel, 2017). However, incorporation of both PBFRs caused
an increase of TPHRR, from 478.4 °C to 486.8 and 483.6 °C for FR1 and FR2, respectively.
When introduced small amounts of CNTs such as 0.5 wt% in FR formulation; PHRR, HRC and TPHRR values of both
reference PP and PP/PBFR systems increased. The more loading of CNTs lead to a considerable rise in the
corresponding values, nevertheless, resulted in a clear decrease of THR. One exemption to this tendency occurred
by the addition of 2.0 wt%, THR values of all FR systems started to increase from then on.
Tab. 3: MCC data of the samples.
Sample ID
Ref_ PP
PP-CNT0.5
PP-CNT1.0
PP-CNT1.5
PP-CNT2.0
PP-FR1
PP-FR1-CNT0.5
PP-FR1-CNT1.0
PP-FR1-CNT1.5
PP-FR1-CNT2.0
PP-FR2
PP-FR2-CNT0.5
PP-FR2-CNT1.0
PP-FR2-CNT1.5
PP-FR2-CNT2.0

HRC (J/(g K))
1164.0
1227.2
1276.0
1279.0
1328.3
1102.0
1102.2
1147.8
1157.2
1169.7
1045.0
1128.0
1129.0
1131.0
1179.8

PHRR (W/g)
1134.7
1202.5
1249.8
1257.8
1302.2
1078.5
1090.0
1120.2
1128.8
1136.7
1023.7
1108.8
1112.2
1115.0
1150.5

THR (kJ/g)
43.9
42.8
42.3
40.5
43.2
40.8
40,7
39.9
39.8
40.0
41.0
40.7
40.2
40.0
40.6

TPHRR (°C)
478.4
482.3
484.7
485.1
483.8
486.8
488,5
488.6
489.7
488.7
483.6
482.3
485.8
486.4
485.4

V. Conclusions
Incorporation of organic phosphorous-based flame retardant into PP matrix showed a better fire performance
compared to ammonium polyphosphate-based FR by resulting 11.6% higher LOI value. When CNTs added to both
PP/phosphorus-based flame retardant system, the antagonistic effect was found and LOI of these systems (8 wt%)
were decreased. Only the LOI value of PP/ammonium polyphosphate-based FR system remained constant when
0.5 wt% CNTs incorporated. The addition of 2.0 wt% CNTs decreased the LOI value of PP/organic phosphorousbased FR system 5.2% higher than PP/ammonium polyphosphate-based FR system.
The addition of the PBFR additives increased the onset temperature of decomposition compared to reference PP.
The residual masses were also increased with the content of the PBFR additives; however, the addition of
ammonium polyphosphate-based FR resulted in more residue after burning compared to organic phosphorousbased FR.
The addition of CNTs to reference PP and PP/FR1 systems changed the onset temperature of decomposition
substantially. However, it showed only a slight increase in the onset temperature of PP/FR2 system. The mass loss
temperatures at 50 wt% also increased by the addition of CNTs to both reference PP and PP/PBFR systems. The
residual masses at 500 °C and 700 °C were also increased with the addition of CNTs for all systems.
Incorporation of FR2 to PP decreased the PHRR values of reference PP two times higher than FR1. Further addition
of CNTs to all systems concluded an increase of PHRR. Temperature of peak heat release rate increased also for
all loading of additives. THR values of all samples declined except the ones extruded with 2.0 wt% CNTs.
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ABSTRACT
In this study, rose leaves obtained from rose plants were used as natural dye source. Natural dye solutions extracted
from Rosa Rugosa flowers and silk, wool, linen and cotton materials were colored according to the conventional
method. Prior to painting, pre-mordanting was performed on the materials by using three different mordants,
potassium aluminum sulfate, potassium bitartrate and ascorbic acid. CIELab, K / S values of silk, wool, linen and
cotton samples painted with natural dye solutions extracted from rose leaves were compared. The strength and %
elongation values of raw materials and treated materials were investigated. Washing and rubbing fastness
properties of the dyes were also examined.
In the works, pink and its tones and yellow tones were obtained. The fastness is among the values accepted by the
industry in general.
Key words: Rose leaf, natural dye, spectroscopic measurements, strength and elongation, fastness properties

1. INTRODUCTION
The use of natural dye substances started with humanity history. However, by the end of the 19 th century,
natural colorings lost their importance with the production of synthetic dyes. During the recent years,
researchers started to become interested in natural dyes once again and painting studies started to
come to the agenda by using extracts obtained from many plant and insect species [3].
Interest in natural dyes are growing, which are environmentally friendly, nontoxic, antioxidant, anticarcinogenic, antibacterial and extracted from antiallergenic plants, especially in food and textile sectors.
The reason behind it is the strict protection standards adapted by many countries in environmental
pollution struggle against the harmful effects stemming from synthetic dyeing materials. Furthermore,
formation of a belief that traditional natural painting materials are more environmentally friendly in
comparison to synthetic materials supports this process as well. Hence, with the development of an
immense sensitivity against human and environmental health, the “green wave” trend started against
natural products as initiated by consumers [9].
The first raw materials of natural painting were some stones, soil and mine varieties and some mollusks
and insect species having coloring property. Subsequently, flowers, leaves, fruits or sometimes the
entirety of plants started to be used in painting. Indigo painted products (indigofera) were encountered
in archeological findings belonging to 3500 BC. Root paint (Rubia tinctorium) was detected in two money
purses made of red colored cotton fiber belonging to 3000 BC.
Nearly 1350 Rosa (rose) have been defined in the world. Despite there are 24 rose species are
registered in the flora of Turkey the species cultured and used for extracting rose oil is Rosa damascene.
In this study, rose leaves obtained from Rosa damascene plant were used as natural dye source. Oil
rose (Rosa damascene) is the best known and recognized rose species. Its flowers are pink laminated
and have a strong scent. They bloom only at the beginning of summer (Altıntaş, 2009).

Rosa

damascene is known by the names of Isparta rose, pink oil rose, oil rose and Damascus rose and it is

505

a perennial plant with thorns and resistant to winter. Rosa damascene plant grows up to 1.5-3 m, has
many branches and is surrounded by large and small hard thorns (Figurer 1.1.).

Figure1.1. Rosa damascene

In this thesis, silk, wool and linen materials were painted with natural dye extracts obtained from rose
flowers by using the conventional method.
2. MATERIAL and METHOD
2.1. Material
2.1.1. The Used Textiles
Technical properties of silk, wool and linen textiles used in the study are shown in Table 1.
Silk
Wool
Linen
Cotton
Weight in grams - g / m2
65
200
145
170
Warp density -thread / cm
48
19
21
15
Weft density- thread / cm
36
18
17
12
Warp thread number- Nm
70 denier
40/2
26 /1
36/2
Weft thread number - Nm
70 denier
40/2
26 /1
36/2
Knitting
Plain weave
Plain weave
Plain weave
Plain weave
Procuring factory
Ödemiş Silk
Bahariye
Doğru Chemistry and
Yılmaz Fabric Textile
Company
Textiles
Textile Ind. Trade. Ltd.
Ind. Trade Ltd. Co.
Co.
Table 1: Technical properties of the used silk, wool and linen materials

2.1.2. The Used Natural Colorants and Chemical Substances
Natural dyes extracted from Rosa damascene plant buds were used in the study. Potassium aluminum
sulfate, potassium bitartrate and ascorbic acid were the mordant substances used.
2.2. Method
2.2.1. Preliminary Treatments of the Materials
The wool and linen materials used in the study were procured from the concerned facilities as their
preliminary treatments completed. Third material, e.g. silk, was procured as raw and therefore sericin
removal treatment was performed on the silk material.
Sericin Removal in Silk Material
The material and 20g/L of olive oil soap were boiled at the boiling temperature in the rate of 1/50 flotte
for 1 hour and then the material was first rinsed hot and then it was rinsed cold. The weight loss due to
sericin at the end of the treatment was 25%.
2.2.2. Mordant Substance Preparation and Mordant Method
In this study, three different mordant substances were used namely potassium aluminum sulfate,
potassium bitartarate and ascorbic acid for three different materials. 3% mordant substance by weight
was used in the materials prior to dyeing. The material was treated with mordant substance at boiling
temperature for 1 hour and then it was left in flotte for 24 hours by cooling. Subsequently, excess flotte
was removed and the test samples were dried in horizontal position.
2.2.3. Extraction of Natural Dye
50 grams of Rosa damascene plant was purchased. It was left in 7.5 grams of citric acid and 1500 liters
of water for 7 days and natural dye extraction was achieved. The dye was sieved and prepared for
usage.
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Figure 2. Rosa damascene plant and dye extract

2.2.4. Dyeing Method
After the mordant treatment, dyeing flottes were prepared in the ratio of 1:40 flotte. Samples that were
previously treated by mordant were placed in these flotte and dyeing was started at 40°C. The
temperature was raised to the boiling point in 15 minutes and the treatment continued at this temperature
for 1 hour. Subsequently, the samples were left in flotte for 24 hours by cooling and the dyeing was
completed by hot and cold rinses.
3. MEASUREMENT RESULTS
3.1. Subjective Assessment of Colors
SILK

WOOL

LINEN

COTTON

Without Mordant
Potassium Al.
Sulfate
Potassium
Bitartarate
Ascorbic Acid

3.2. Spectroscopic Measurement Results of Samples Dyed with Rosa damascene

Figure 4.2. ΔE* Values of silk, wool and cotton
materials dyed with Rosa damascene
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3.3. Washing Fastness Results

CA Co PA PES PAN Wo
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4
4
4
4
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Sulfate
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4
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Rosa Damescena – İPEK
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mordant

Rosa Damescena - YÜN
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Color
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Color
change
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Washing Fastness
Staining

Staining
CA Co PA PES PAN Wo

4

5

5

5

5

5

5

Potassium
Aluminum
Sulfate

3-4

5

5

5

5

5

5

Potassium
Bitartarate

4

5

5

5

5

5

5

3-4

5

5

5

5

5

5

Ascorbic
Acid

Washing Fastness
Staining

Color
change

CA Co PA PES PAN Wo
5
5
5
5
5
5

Potassium
Aluminum
Sulfate

4-5

5

5

5

5

5

5

Potassium
Bitartarate

5

5

5

5

5

5

5

Ascorbic
Acid

5

5

5

5

5

5

5

Without
mordant

Rosa Damescena - PAMUK

Rosa Damescena - KETEN

Color
chang
e

4

Washing Fastness
Staining
CA Co PA PES PAN Wo
5
5
5
5
4-5
5

Potassium
Aluminum
Sulfate

4-5

5

45

5

5

5

5

Potassium
Bitartarate

5

5

45

5

5

4-5

5

Ascorbic
Acid

5

5

5

5

5

5

5

3.4. Breaking Strengths of Materials

3.5. % Breaking Elongation Values of Materials
Breaking elongation % tests were performed according to TS N ISO 13934-1 Strip Method.

4. CONCLUSION and GENERAL EVALUATION
Comparison of color values of natural dyes extracted from Rosa damascene rose leaves in terms of
three different mordants and four materials shows that ΔL* e.g. lightness darkness values were darker
than the standards for linen and cotton generally. The nuance of color tended to move to red in linen
and cotton in general and green nuance was dominant in silk and wool (Δa*). In the yellowness –
blueness axis, blueness increased in silk, wool and cotton, and yellowness was more in linen (Δb*).
Considering the saturation values (ΔC*); dyeing more matt than the standards were obtained in wool
and all mordants, and more shiny dyeing was obtained in linen.
Color change and staining values in washing fastness of silk, wool and cotton materials dyed with Rosa
damascene were within the values accepted in industry. Color change in linen material was lower than
the standards.
All dyeing painted with Rosa damascene are within the values accepted in industry.

509

In all samples dyed in the applications, it was determined that natural dye extracted from Rosa
damascene did not have a negative effect on both breaking strength and % breaking elongation values
of materials.
Today, environmental problems have been increasing gradually. Nevertheless, the great superiority of
synthetic dyeing substances against natural dyes has been continuing. However, interest in natural dyes
has increased today due to drawbacks including low disintegration of synthetic colorants, their harmful
environmental effects and allergen effects. In this context, researches on dye plants, which can be used
as natural dyeing source and are renewable and inedible, must be continued.
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Abstract

Leather, which is a by-product of the meat industry, is a leading export for many countries. Among the leather
materials, goatskins are used for production of gloves, shoes, boots, bags, rugs, drumheads and other products.
Hence, high quality goatskins are very important to obtain extremely durable leather products. When the animal is
alive, good animal husbandry and animal health care are necessary for better goatskin quality. After animal is
slaughtered, the goatskins are preserved with sodium chloride collected from salt mines, salterns, salt lakes.
Halophilic microorganisms may exist in salt used in skin preservation and these halophilic microbial communities may
be involved in deterioration of goatskins. The detrimental activities of these microorganisms may reduce skin quality
causing surface defects and skin damage, decreasing tensile strength and consequently reducing its market value.
Therefore, the aim of this study is to determine lipolytic slightly halophilic bacteria on thirty salted goatskin samples
(Australia, Africa, Bulgaria, Greece, Kuwait, Dubai, Israel, USA, Turkey). The total bacterial counts of lipolytic slightly
halophilic bacteria on the salted goat skins were detected on agar medium containing 1% Tween 80 (w/v), 0.5%
yeast extract (w/v) and 1.5% (w/v) NaCl. After incubation at 37oC for 7 days, opaque zones around the colonies were
taken as evidence of lipase activity. According to our experimental results, total counts of lipolytic slightly halophilic
bacteria were found between 102-106 CFU/g. The results obtained from this study clearly showed that the goat skins
were contaminated with lipolytic slightly halophilic bacteria found in salt which is used in skin preservation and the
quality of these skins is adversely affected by these bacteria. In conclusion, we recommend using efficient
antimicrobial implementations in short-term preservation period of goatskins with salt to control bacterial growth.
Keywords: Lipolytic slightly halophilic bacteria, goatskins, leather industry

I. Introduction
Microorganisms can cope with different extreme conditions such as pH, temperature, salinity,
oxygen, nutrient and light (Ventosa, 2006; Moreno et al., 2013). Saline environments have different
chemical and physical features. Salt-loving (halophilic) Archaea, Bacteria and Eukarya have been
recognized in Dead Sea, Great Salt Lake, Tuz Lake, salterns, lagoons, brines, saline soils (Claus et al.,
1983; Yoon et al., 2004; Oren, 2007). Slightly halophilic Bacteria is an interesting group of halophiles as
they produce different metabolites, enzymes and adapt to a wide range of salt concentrations. These
microorganisms have been isolated from salt marsh soils (Claus et al., 1983), intertidal sediment (Bruns
and Berthe-Corti, 1999), Yellow Sea (Yoon et al., 2004), saline lake in Tunisia (Gam et al., 2018) by the
researchers. According to their results, slightly halophilic bacterial isolates are able to use Tween 80, Dfructose, formate, glycerol (Bruns and Berthe-Corti, 1999; Yoon et al., 2004; Gam et al., 2018). It is
understood that they are metabolically active. They optimally grow at medium containing NaCl
concentration between 1% and 3% (Moreno et al., 2013). High amount of compatible solutes are
occumulated or synthesized by these microorganisms inside the cell to combat high salinity and to
provide osmotic balance (Lanyi, 1974; Moreno et al., 2013).
Salt preservation is an old and conventional method for years. In this method, water removes
from food, hide, skin and thereby bacterial growth is prevented due to reduced water acitivity. Although
sodium chloride is used for preservation of raw hides and skins before leather processing, halophilic
Bacteria can grow on salted hides and skins. McLaughlin and Rockwell (1922) stated that fresh hide
contain many hydrolytic Bacteria varying in their morphology, biological characteristics and activity. These
Bacteria may cause loosening of the hair and grain damage (Stather, 1928), red stains (Robertson,
1931), smelly and sticky structure (Birbir, 1997).
Berber and Birbir (2010) collected 40 salt samples and 36 salted hide samples from different
tanneries in Leather Organized Tannery Region, Tuzla, Turkey. They stated that lipolytic extremely
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halophilic Archaea were observed in the most samples of salt and salted hides (Berber and Birbir, 2010).
The researchers detected total lipolytic extremely halophilic Archaea as 102-104 CFU/g in salt samples.
Mean, median, mode and range values of total lipolytic extremely halophilic Archaea found in the salt
samples were 8.5x103, 1x103, 2x103, 7.9x104, respectively (Berber and Birbir, 2010). They also
examined 36 salted hides. While 97% of the salted hide samples contained lipolytic Bacteria (103-107
CFU/g), 81% of the salted hide samples contained lipolytic extremely halophilic Archaea (102-106 CFU/g)
(Berber and Birbir, 2010).
In the study of Birbir et al. (2015) and Caglayan (2015), salted sheep and goat skins were
examined. Lipolytic non-halophilic Bacteria (102-106 CFU/g), lipolytic moderately halophilic Bacteria (102106 CFU/g) and lipolytic extremely halophilic Archaea (102-106 CFU/g) were found on both salted sheep
and goat skins (Birbir et al., 2015; Caglayan, 2015).
Although there are some studies about slightly halophilic Bacteria isolated from different
environments, there is no study about the presence of lipolytic slightly halophilic Bacteria on salted
goatskins imported from different countries. Therefore, in this study we aimed to detect total lipolytic
slightly halophilic bacterial counts.
II. Experimental Procedure
Goatskins
Thirty goatskin pieces preserved with salt were obtained from different tanneries in Tuzla Leather
Organized Tannery Region, Turkey. These samples were belonged to Australia, Africa, Bulgaria, Greece,
Kuwait, Dubai, Israel, America, Turkey. As soon as the samples were placed into sterile bags, they were
transported to the laboratory. The cold chain was maintained during transportation.
Detection of total lipolytic slightly halophilic bacterial counts
The salted skin samples were examined for degradation of Tween 80 by standard methods using 1%
(w/v) Tween 80. The total lipolytic slightly halophilic bacterial counts were counted on agar medium
containing 1% Tween 80 (w/v) and 0.5% yeast extract (w/v), with a final concentration of 1.5% (w/v)
sodium chloride in order to calculate total lipolytic slightly halophilic bacterial counts. After incubation at
37oC for 7 days, opaque zones around the colonies were taken as evidence of lipase activity (SánchezPorro et al., 2003). All experiments were conducted triplicate.
III. Results and Discussion
While four samples were belonged to Turkey, Australia, Africa, Bulgaria, Greece, three samples
were belonged to Dubai, Israel and USA. One sample was belonged to Kuwait. Total lipolytic slightly
halophilic bacterial counts were found between 102-106 CFU/g (Table 1). Sixteen, six, five, two salted
samples respectively contained 105 CFU/g, 102 CFU/g, 104 CFU/g, 103 CFU/g lipolytic slightly halophilic
Bacteria (Table 1). One sample contained 106 CFU/g lipolytic slightly halophilic Bacteria (Table 1). The
mean, median and range values of total lipolytic slightly halophilic bacterial counts were found as 4.3x105
CFU/g, 1.5x105 CFU/g, 5.6x106 CFU/g, respectively (Table 2).
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Tab. 1. ‘‘Total lipolytic slightly halophilic bacterial counts’’
Goatskin
sample no

Total counts of lipolytic slightly halophilic
Bacteria (CFU/g)

1

4.0x105

2

9.9x104

3

7.1x105

4

3.0x102

5

1.4x105

6

6.2x104

7

7.0x104

8

2.0x105

9

4.0x105

10

5.6x104

11

4.0x103

12

1.1x105

13

2.1x105

14

5.0x105

15

4.5x105

16

5.9x105

17

6.1x105

18

1.6x105

19

3.1x105

20

5.0x105

21

4.0x102

22

2.5x102

23

2.0x102

24

6.1x102

25

6.0x102

26

8.4x103

27

4.2x104

28

1.9x105

29

5.6x106

30

3

9.0x105
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Tab. 2. ‘‘Mean, median and range values of total lipolytic slightly halophilic bacterial counts’’

Lipolytic slightly halophilic
Bacteria (CFU/g)

Mean

Median

Range

4.3x105

1.5x105

5.6x106

In leather industry, sodium chloride prevents bacterial growth through penetrating into the skin
structure and reducing water content. Hence, it is very important to apply sodium chloride homogeneously
and attentively to the surface of skins and hides.
Due to the fact that the salt is not evenly and fully distributed on the flesh side of skins, the water
content of the skins will not be reduced to a safe level that Bacteria cannot live. It explains why lipolytic
slightly halophilic Bacteria was found on all samples. Aslan and Birbir (2011) examined the efficiency of
salt-pack curing method in the areas both with and without salt crystals present on the hides. The
reseachers stated that while the mean values of lipolytic non-halophilic Bacteria on the areas without salt
crystals were found to be 107 CFU/g, the mean values of lipolytic non-halophilic Bacteria on the areas
with salt crystals were found to be 106 CFU/g (Aslan and Birbir, 2011). The mean value was found to be
high on the hide samples which were salted inhomogeneously than the samples which were
homogeneously salted. The lipolytic slightly halophilic Bacteria, found on inhomogeneously salted area,
may produce lipase enzyme to decompose organic leather material.
IV. Conclusion
Total lipolytic slightly halophilic bacterial counts was first detected on salted goatskin samples in
the present study. Based on the experimental results, all skin samples contained lipolytic slightly
halophilic Bacteria in high numbers. These microorganisms may digest fat structure of the skin causing
poor quality leather products. To control lipolytic activities of slightly halophilic Bacteria, we recommend
using sterile salt for skin preservation or alternative preservation methods in leather industry.
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Abstract
Goatskins are among the important leather materials which are used for footware, jacket, trousers, gloves, wallet,
blanket, small rugs, and other leather goods. The quality of raw goatskins is closely related with the quality of leather
products. To prevent bacterial damage, goatskins are cured with salt obtained from salt lakes and salterns. These raw
salts contain metabolically active halotolerant Bacteria, slightly halophilic Bacteria and moderately halophilic Bacteria,
extremely halophilic Archaea which may reduce the quality of goatskins. Hence, we focused on determination of
proteolytic slightly halophilic Bacteria on salted goatskins belonging to Australia, Africa, Bulgaria, Greece, Kuwait,
Dubai, Israel, USA and Turkey. These salted goatskin samples were separately placed into steril brine solution
containing 1.5% (w/v) NaCl and the flasks were shaked in incubator for 4 h at 25oC. Then, direct and serial dilutions
were prepared from the brine solutions. To determine total proteolytic slightly halophilic bacterial counts on the salted
goatskins, 100 µL of each bacterial dilutions were evenly spread onto agar media containing 2% (w/v) gelatin and 1.5%
(w/v) NaCl. These test media were incubated at 37oC for seven days. After incubation, surfaces of the test media were
flooded with Frazier solution for 10 minutes. Clear zones around colonies were accepted as positive protease activities
and these colonies were counted. While 63% of salted goatskins contained 105-106 colony forming unit of proteolytic
slightly halophilic Bacteria, 37% of the salted goatskins contained 102-104 colony forming unit of proteolytic slightly
halophilic Bacteria. These results clearly showed that salts used in goatskin preservation worldwide contaminated
goatskins with proteolytic slightly halophilic Bacteria which damage collagen of the skin and degrade the quality of final
leather. Therefore, we suggest effective antibacterial applications during salt curing process of goatskins to prevent
bacterial damage on the goatskins.
Keywords: Proteolytic slightly halophilic Bacteria, leather industry, salted goatskins

I. Introduction
The source of microorganisms on the salted skins may be water, animal feeds, soil, dust, barn,
pasture, animal skin itself, feces, slaughterhouse and tannery (Birbir and Ilgaz, 1996; Oppong et al., 2006).
Although salt is used to prevent bacterial activities on skins, it also contaminates skins with halophiles.
Various diversity of halophiles have been isolated from salt lakes, solar salterns, salt mines, salt marshes
and submarine pools (Ventosa et al., 2011; Stuart et al., 1933). Halophiles have been found on fish, meat,
hide and skin preserved with salt. Spoilage of these protein-rich foods and materials have been thought to
be related to these microorganisms. Halophilic microorganisms can survive saline environments by
different strategies. Halophilic Archaea (Haloarchaea) can live on salted environments by accumulating
high concentration of KCl in their cytoplasm as a compatible solute (Lanyi, 1974; DasSarma and
DasSarma, 2015). In addition, Bacteria and Eukarya accumulate or synthesize osmotically active
substances such as glycine betaine, ectoin, hydroxyectoin, gylcerol (Roberts, 2005). These chemicals
maintain the osmotic balance of their cytoplasm and protect halophilic microorganisms against salt stress
(Ventosa et al., 2011). Moreover, the compatible solutes such as ectoin, retain and stabilize the activity of
hydrolytic enzymes (Toyoda et al., 1997).
In our previous studies, the salt taken from the Tuz Lake, Kaldırım Saltern, Kayacık Saltern, and
Tuzkoy Salt Mine in Turkey contained 104-107 CFU, 105-107 CFU, 105 CFU, and 105-106 CFU of extremely
halophilic Archaea per gram, respectively. Proteolytic extremely halophilic archaeal counts in these salt
samples were commonly between 102 CFU/g and 103 CFU/g (Birbir et al., 2007).
The contamination of hides because of curing salt has been proven by researchers. The presence
of halotolerant Bacteria, slightly halophilic Bacteria, moderately halophilic Bacteria and extremely halophilic
Archaea on 131 hide samples representing 34 different curing facilities in the mid western portion of the
United States were examined by Bailey and Birbir (1993). While 57% and 80% of the hides contained
halotolerant Bacteria and slightly halophilic Bacteria, 96% and 94% of the salted hides contained
moderately halophilic Bacteria and extremely halophilic Archaea, respectively.
Brined cured hide samples contained 103-104 CFU of halotolerant Bacteria, 104-107 CFU of slightly
halophilic Bacteria, 105-108 CFU of moderately halophilic Bacteria and 105-108 CFU of extremely halophilic
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Archaea per gram of the hides. Fifty-three percent of the extremely halophilic Archaeal isolates showed
gelatinase activity (Bailey and Birbir, 1993).
It was stated that the proteolytic non-halophilic Bacteria, slightly halophilic Bacteria, moderately
halophilic Bacteria and extremely halophilic Archaea on salted hides may cause discoloration of the flesh
side of hide, pin pricks, degradation of entire follicle, holes in grain surface, partially removal of grain layer,
distruption of collagen fibers, loose grain, grain peeling and uneven dyeing in leathers (Haines, 1984;
Bailey and Birbir, 1993; Birbir and Ilgaz, 1996; Bailey and Birbir, 1996; Didato et al., 1999; Bitlisli et al.,
2004; Berber and Birbir, 2010). These problems may occur during storage, handling and transportation of
skins and hides. Preservation of raw skin and hide during these periods has a critical role to obtain high
quality leather product. It is impossible to manufacture high quality leather from badly preserved skins and
hides.
Although there are a few of studies that examine the microbial populations on the salt cured skins
collected from different countries, proteolytic slightly halophilic populations on the salted goatskins collected
from different countries has not been examined yet. Hence, the goal of this study was to determine total
counts of proteolytic slightly halophilic Bacteria.
II. Experimental Procedure
Skin samples
In the present study, a total of 30 salted goatskin samples salted in Australia (4 samples), Africa (4
samples), Bulgaria (4 samples), Greece (4 samples), Kuwait (1 sample), Dubai (3 samples), Israel (3
samples), America (3 samples) and Turkey (4 samples) were obtained from different tanneries in Leather
Organized Tannery Region, Tuzla-Istanbul (Turkey). Then, the skin samples were immediately placed into
sterilized sample bags and containers and they were carried on ice during transportation.
Determination of the total counts of proteolytic slightly halophilic Bacteria
The salted goatskin samples were tested for degradation of gelatin by standard method using 2%
(w/v) gelatin. Direct and serial dilutions (10 -2, 10-4 and 10-6) of the bacterial suspension, prepared according
to the directions above, were spread onto the surface of gelatin agar medium containing 2% (w/v) gelatin
with a final concentration of 1.5% (w/v) NaCl in order to calculate total bacterial counts of proteolytic slightly
halophilic Bacteria (Sánchez-Porro, 2005). After the incubation period at 37 oC for 7 days, the plates were
flooded with Frazier solution. Clear zones around the colonies were interpreted as an evidence of protease
activity (Sánchez-Porro et al., 2003). The experiments were conducted for three times.
III. Results and Discussions
Most of the salted goatskins (87%) examined were imported from different countries such as
Australia (n=4), Africa (n=4), Bulgaria (n=4), Greece (n=4), Kuwait (n=1), Dubai (n=3), Israel (n=3) and
America (n=3). The rest of the salted goatskins (13%) were cured with salt in Turkey.
It has been known that slightly halophilic Bacteria require 0.2-2.0 M NaCl (optimum 0.2-0.5 M
NaCl) to grow in saline environments (Kushner, 1978). Hence, we used 0.26 M NaCl in the test medium.
Total counts of proteolytic slightly halophilic Bacteria were found between 102-106 CFU/g (Table 1).
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Tab. 1. ‘‘Total counts of the proteolytic slightly halophilic Bacteria’’

Sample no

a

SSa1
SS2
SS3
SS4
SS5
SS6
SS7
SS8
SS9
SS10
SS11
SS12
SS13
SS14
SS15
SS16
SS17
SS18
SS19
SS20
SS21
SS22
SS23
SS24
SS25
SS26
SS27
SS28
SS29
SS30

Total counts of proteolytic slightly
halophilic Bacteria (CFU/g)
3.0x105
5.0x105
9.0x105
2.0x102
3.0x105
7.3x104
9.4x104
6.0x105
8.0x105
3.1x106
5.5x104
1.0x105
6.0x105
3.0x105
3.5x105
6.8x105
7.0x105
3.0x105
6.0x105
6.0x105
3.5x103
6.0x102
6.6x103
4.3x103
4.0x102
1.2x104
5.9x104
3.0x105
2.7x106
3.5x106

Skin sample

While more than half of the salted goatskins contained 105-106 colony forming unit of proteolytic
slightly halophilic Bacteria, less than half of the salted goatskins contained 10 2-104 colony forming unit of
proteolytic slightly halophilic Bacteria. It was thought that total counts of proteolytic slightly halophilic
Bacteria on the salt-cured goatskins were quite high due to inadequate preservation of the skins. The
mean, median, mode and range values of proteolytic slightly halophilic Bacteria are shown on the Table 2.
Tab. 2. ‘‘Mean, median, mode and range values of total counts of
proteolytic slightly halophilic Bacteria’’

Proteolytic slightly halophilic
Bacteria (CFU/g)

Mean

Median

Mode

Range

5.9x105

3.0x105

3.0x105

3.5x106

Adequate and sterile salt must be applied homogenously to all areas of the raw skin to reduce
water contents of skins. When the salt is not applied homogenously to all areas of the flesh side of the skin,
the salt saturation may not be high in all parts of the skin. Due to this problem, the counts of proteolytic
slightly halophilic Bacteria on the salted goatskins belonging to different countries were found to be high in
the present study. In the study of Aslan and Birbir (2011), the efficiency of salt-pack curing method were
examined in the areas both with and without salt crystals present on the hides. The reseachers stated that
while the mean values of non-halophile Bacteria, proteolytic non-halophile Bacteria and lipolytic nonhalophile Bacteria on the areas without salt crystals were found to be 108 CFU/g, 107 CFU/g and 107
CFU/g, respectively; the mean values of non-halophile Bacteria, proteolytic non-halophile Bacteria and
lipolytic non-halophile Bacteria on the areas with salt crystals were found to be 107 CFU/g, 107 CFU/g and
106 CFU/g, respectively (Aslan and Birbir, 2011).
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IV. Conclusion
This is the first study to examine total proteolytic slightly halophilic Bacteria on the salt-cured
goatskins. The total counts of proteolytic slightly halophilic Bacteria were found to be high (102-106 CFU/g)
and salt curing methods used worldwide were not adequate to inhibit bacterial growth and bacterial activity
on the goatskins. Hence, the curing salt which will be used in hide or skin preservation should be sterilized
to reduce proteolytic slightly halophilic Bacteria.
References
Aslan E., Birbir M., Examination of efficiency and sufficiency of salt-pack curing method, Journal of the Society of
Leather Technologists and Chemists, 95(3), 98-103, (2011).
Bailey D.G., Birbir M., A study of the extremely halophilic microorganisms found on commercially brine-cured cattle
hides, The Journal of the American Leather Chemists Association, 88, 285-293, (1993).
Bailey D.G., Birbir M., The impact of halophilic organisms on the grain quality of brine cured hides, The Journal of the
American Leather Chemists Association, 91, 47-51, (1996).
Berber D., Birbir M., Examination of bacterial populations in salt, salted hides, soaked hides and soak liquors, Journal
of the American Leather Chemists Association, 105, 320-326, (2010).
Birbir M., Ilgaz A., Isolation and identification of bacteria adversely affecting hide and leather quality, Journal of the
Society of Leather Technologists and Chemists, 80, 147-153, (1996).
Birbir M., Calli B., Mertoglu B., Elevi Bardavid, R., Oren A., Ogmen M.N., Ogan A., Extremely halophilic Archaea from
Tuz Lake, Turkey, and the Adjacent Kaldırım and Kayacık Salterns, World Journal of Microbiology and Biotechnology,
23, 309-316, (2007).
Bitlisli B.O., Karavana H.A., Basaran B., Sarı O., Yasa I., Birbir M., The effect of conservation defects on the suede
quality of double-face, The Journal of the American Leather Chemists Association, 99(12), 494-501, (2004).
DasSarma S., DasSarma P., Halophiles and their enzymes: Negativity put to good use, Current Opinion in
Microbiology, 25, 120-126, (2015).
Didato D.T., Browen J., Hurlow E., Microorganism control during leather manufacture, leather technologists pocket
book, Journal of the Society of Leather Technologists and Chemists, 339-352, (1999).
Haines M.B., Quality Rawstock, The Journal of the American Leather Chemists Association, 4, 164-173, (1984).
Kushner D.J., Life in high salt and solute concentrations: Halophilic bacteria, microbial life in extreme environments,
Kushner, D.J. (Ed.), Academic Press, London, 317-368, (1978).
Lanyi J.K., Salt-dependent properties of proteins from extremely halophilic bacteria, Bacteriological Reviews, 38(3),
272-290, (1974).
Oppong D., Bryant S., Rangarajan R., Steele S., Radwell D., Hyllengren L., Application of molecular techniques to
identify bacteria isolated from the leather industry, The Journal of the American Leather Chemists Association, 101,
140-145, (2006).
Roberts M.F., Organic compatible solutes of halotolerant and halophilic microorganisms, Saline Systems, 1, 5, (2005).
Sánchez-Porro C., Martin S., Mellado E., Ventosa A., Diversity of moderately halophilic bacteria producing extracellular
hydrolytic enzymes, Journal of Applied Microbiology, 94, 295-300, (2003).
Sánchez-Porro C., Characterization Bioquimica y Molecular de
Pseudoalteromonas ruthenica, Ph.D. Thesis, Spain, 102-144, (2005).

la

Haloproteasa

CP1

Producida

por

Stuart L.S., Frey R.W., James L.H., Microbiological studies of salt in relation to the reddening of salted hides, Technical
Bulletin No. 383, United States Department of Agriculture, Washington, D.C., (1933).
Toyoda Y., Oowaya K., Takano M., Shibata S., Stabilization of enzyme, Patent Number JP9143167, (1997).
Ventosa A., Oren A., Yanhe M., Halophiles and hypersaline environments: Current research and future trends,
Springer-Heidelberg, (2011).

4

519

P-0220

8th International İstanbul Textile Conference - Evolution Technical Textile (ETT2018), April 14-16, 2018, İstanbul, Turkey

Production of Fluorescent Dyed Cotton Fabrics for High Visibility Clothing
1*Erhan
1

Öner, 2Nida Beyazay

Marmara University, Faculty of Technology, Department of Textile Engineering, İstanbul, 34722, Türkiye.
2 Marmara University, Institute of Pure and Applied Sciences,İstanbul, 34722, Türkiye.
* E-mail: eoner@marmara.edu.tr

Abstract
To enhance the high visibility characteristics of clothing, the fluorescent dyestuffs are widely used in textile coloration. The
fluorescent coloured textiles are used either for decorative purposes or for technical safety for anyone who wants to make himself
visible, e.g. motorcyclists, workers, etc. In this work, 100 % cotton fabrics were dyed by the exhaustion method with the
fluorescent dyes, namely, C.I. Direct Yellow 96, C.I. Direct Red 277, C.I Direct Blue 199, C.I Direct Orange 26 and Remazol LM
Yellow FL. The % SRF values of the dyed fabrics were measured by a spectrophotometer. The chromaticity coordinates and
the luminance factors of the dyeings were calculated to investigate the conformance of the dyed fabrics with the EN 471 standard.
The fastness tests were also carried out for each dyed sample.
Keywords: high visibility, fluorescent dyes, fluorescent direct dyes, fluorescent reactive dye, cotton

I.Introduction
High visibility materials are mainly used by the police forces, the road rescue services, the fire brigades, the towns
refuse collectors and many other workers (Öner 2005, Varış 2005a, Varış 2005b). The fluorescent dyes are utilized
in the production of these materials.
In this work, 100% cotton fabrics were dyed by the fluorescent dyestuffs namely, C.I. Direct Yellow 96, C.I. Direct
Red 277, C.I Direct Blue 199, C.I Direct Orange 26 and also a reactive dye, Remazol LM Yellow FL by the
exhaustion method (Beyazay 2007). The % SRF values of the dyed fabrics were measured, and the chromaticity
coordinates and the luminance factors of these dyeings were calculated to investigate whether the colours were in
agreement with the EN 471 High Visibility Standard (EN471 2003) or not. The dyeings with C.I Direct Blue 199 were
only carried out to see its fluorescent performance and to calculate its luminance factors. The washing and rubbing
fastness tests were also carried out for each dyed sample.
II. Experimental Set-up and Procedure
100% cotton fabric (150 g/m 2) were used in this work. Each dyeing were repeated twice to checked the repeatability
of dyeings. The colour strengths used in the dyeings were between 0.025% and 6% for the direct dyed samples,
and between 0.05% and 6% for the reactive dyed samples. The colour measurements were carried out with 45°/0°
Gretag Macbeth SpectroEye spectrophotometer, illuminant D65 and 2° Standard Observer.
The commercial names, the information about the producers and the Colour Index numbers of 4 direct dyes and 1
reactive dye were given in Table 1.
Class of Dyes
Direct

Reactive

Tab. 1: Fluorescent dyes used in the dyeings.
Commercial Names
Producer
Flavina Kemantina 10G
Kem.color
Turchese Kemantina L-BRL
Kem.color
Rosa Kemantina L-FR
Kem.color
Arancio Kemantina S
Kem.color
Remazol LM Yellow FL
DyStar

Colour Index No.
C.I Direct Yellow 96
C.I Direct Blue 199
C.I Direct Red 277
C.I Direct Orange 26
----

EN 471:2003 standard was used to evaluate the high visibility. The wash fastness and the rubbing fastness tests
were carried out in accordance with ISO 105-C06 (A1S) and ISO 105 – X12, respectively.
The fabric samples were dyed with direct dyes and the reactive dye by the processes given in Table 2. The dyeings
were carried out in Roaches HT Laboratory Dyeing Machine.
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Process Conditions
% o.w.f. Dye
% o.w.f. Salt
Temperature (°C)
Liquor Ratio
Dyeing Time (minute)

Tab. 2: The direct and reactive dyeing processes.
The direct dyeing process
The reactive dyeing process.
0.025, 0.05, 0.1, 0.2, 0.25, 0.5, 1,1.5, 2, 2.5, 3, 4, 5, 6
0.05, 0.1, 0.2, 0.5, 1, 2, 3, 4, 5, 6
20
40
95
60
1:40
1:10
60
140

% o.w.f : On weight of fibre.

BS EN ISO 20471:2013 standard (formerly EN 471:2003) specifies the requirements for protective clothing capable
of signalling the user's presence visually, and the colour requirements for background and combined performance
material (Table 3).
Tab. 3: Colour requirements for background and combined performance material.
Chromaticity Coordinates

Colour

x
0.387
0.356
0.398
0.460
0.610
0.535
0.570
0.655
0.655
0.570
0.595
0.690

Fluorescent Yellow

Fluorescent
Orange-Red

Fluorescent Red

Minimum Luminance
Factor (βmin)

y
0.610
0.494
0.452
0.540
0.390
0.375
0.340
0.345
0.345
0.340
0.315
0.310

0.70

0.40

0.25

Any coloured material to be used in the production of high visibility clothing must have a minimum luminance factor given in
Table 3 and also it must be within the above specified chromaticity coordinates.

III. Results and discussions
The colour coordinates and the luminance values of the dyeings are given Tables 4-6. C.I. Direct Yellow 96 gives
very good fluorescent colours with high luminance factors; however, the chromaticity values of the dyeings 0.05%,
0.1%, 0.2% and 0.5% are not within the specified area by the Standard (Figure 1).
Tab. 4: CIELab values of C.I. Direct Yellow 96 dyed samples.
%Dye
0.05
0.1
0.2
0.5
1
2
3
4
5
6

CIE Colour Coordinates
L*
a*
b*
92.54
92.32
93.12
93.37
93.29
92.55
91.07
90.89
90.33
90.04

-15.33
-19.39
-23.35
-27.65
-28.31
-26.36
-23.83
-22.92
-20.94
-20.46

24.01
31.48
40.34
54.63
63.57
73.25
79.62
81.69
85.38
86.11

C*

h°

X

Y

Z

x

y

β

28.48
36.97
46.61
61.23
69.58
77.85
83.12
84.84
87.91
88.51

122.56
121.63
120.06
116.84
114.00
109.79
106.66
105.68
103.78
103.36

70.47
68.13
67.92
66.45
66.00
65.44
63.76
63.80
63.63
63.28

81.93
81.41
83.25
83.81
83.63
81.94
78.64
78.24
77.03
76.39

59.09
50.95
43.94
32.7
26.5
20.11
15.75
14.7
12.79
12.31

0.3332
0.3398
0.3481
0.3632
0.3747
0.3907
0.4031
0.4071
0.4147
0.4164

0.3874
0.4061
0.4267
0.4581
0.4748
0.4892
0.4973
0.4991
0.5020
0.5026

0.81
0.81
0.83
0.83
0.83
0.81
0.78
0.78
0.77
0.76

2
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0,65
0.05%
0.10%
0.20%
0.50%
1%
2%
3%
4%
6%

0,6
0,55

y

0,5
0,45
0,4
0,35
0,3

0,3

0,32

0,34

0,36

0,38

x

0,4

0,42

0,44

0,46

0,48

Fig. 1: Chromaticity coordinates of the samples dyed with C.I. Direct Yellow 96 at various % colour strengths.

C.I. Direct Red 277 also gives very bright fluorescent colour (Table 5); however, the chromaticity coordinates of the
dyeings are not in the specified area for the red colour. Almost all dyeings have a luminance factor above the
specified value by the standard.
Tab. 5: CIELab values of C.I. Direct Red 277 dyed samples.
CIE Colour Coordinates

% Dye

L*

a*

b*

C*

h°

X

Y

Z

x

y

β

0.05

72.77

30.93

-9.38

32.32

343.12

53.79

44.82

58.34

0.3427

0.2856

0.44

0.10

65.83

41.13

-11.20

42.62

344.76

46.46

35.11

48.07

0.3583

0.2708

0.35

0.20

58.66

49.79

-11.24

51.04

347.28

39.02

26.66

37.31

0.3788

0.2589

0.26

0.50

49.60

57.97

-9.61

58.76

350.59

30.08

18.09

25.15

0.4103

0.2467

0.18

1

43.38

61.09

-6.94

61.49

353.52

24.23

13.41

17.78

0.4372

0.2420

0.13

2

38.70

61.40

-4.03

61.54

356.24

19.96

10.49

12.95

0.4600

0.2417

0.1

3

36.46

60.95

-2.01

60.99

358.11

17.99

9.25

10.76

0.4735

0.2434

0.9

4

35.87

60.88

-0.96

60.89

359.10

17.50

8.94

10.05

0.4796

0.2450

0.8

5

34.81

60.80

0.23

60.80

0.22

16.66

8.41

9.08

0.4879

0.2462

0.8

6

34.63

59.30

-0.74

59.30

359.28

16.26

8.32

9.29

0.4801

0.2456

0.8

The spectral curves of C.I. Direct Blue 199 are given in Fig. 2. The dyeings have bright blue colours. The blue colour
can be used to produce more fluorescent colour with a mixture of C.I. Direct Yellow 96 and C.I. Direct Red 277.

Fig. 2: Spectral curves of C.I. Direct Blue 199 dyed samples at various % colour strengths.
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With the C.I. Direct Orange 26, only 3 dyeings have luminance factors above 0.4, but these dyeings cannot be
placed in the specified area (Figure 3). The other colours are within the specified area, but they have very low
luminance factors.
Tab. 6: CIELab values of C.I. Direct Orange 26 dyed samples.
CIE Colour Coordinates

% Dye

L*

a*

b*

C*

h°

X

Y

Z

x

y

β

0.025

77.35 24.91

21.50

32.90

40.80

59.32

52.12

36.91

0.3999

0.3513

0.52

0.05

72.63 32.32

32.09

45.55

44.79

54.09

44.60

23.94

0.4411

0.3637

0.44

0.1

68.50 39.83

36.65

54.12

42.62

50.16

38.66

17.65

0.4711

0.3631

0.38

0.25

61.98 51.53

46.85

69.64

42.27

44.30

30.38

9.15

0.5284

0.3624

0.3

0.5

57.39 54.76

49.43

73.77

42.07

38.86

25.32

6.24

0.5518

0.3596

0.25

1.5

48.53 59.24

47.89

76.17

38.95

29.20

17.21

3.46

0.5854

0.3451

0.17

1

51.39 58.10

47.92

75.31

39.52

32.20

19.60

4.33

0.5736

0.3492

0.19

2.5

45.19 59.76

47.73

76.48

38.61

25.75

14.68

2.62

0.5981

0.3410

0.14

2

46.66 59.60

47.64

76.30

38.64

27.25

15.76

3

0.5923

0.3426

0.15

3

44.56 59.74

46.89

75.95

38.13

25.10

14.23

2.59

0.5988

0.3395

0.14

4

47.31 59.68

48.53

76.93

39.12

27.96

16.25

3.03

0.5918

0.3440

0.16

5

43.74 59.20

46.55

75.31

38.18

24.16

13.66

2.45

0.5999

0.3393

0.13

6

43.30 59.23

46.77

75.47

38.30

23.73

13.36

2.32

0.6021

0.3390

0.13

0,4
0.025
0.25
1

0,39

0.05
0.5
2.5

0.1
1.5
2

0,38

y

0,37
0,36
0,35
0,34
0,33

0,37

0,42

0,47

x

0,52

0,57

0,62

0,67

Fig. 3: Wavelength vs. %SRF values of the samples dyed with C.I. Direct Orange 26 at various % colour strengths.

And, finally Remazol LM Yellow FL gave very bright yellow dyeings (Figure 4 and Figure 5). It can be used in the
production of high visibility clothing.
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0.05%
0.10%
0.20%
0.50%
1%

%SRF

140
130
120
110
100
90
80
70
60
50
40
30
20
10
0

2%
3%
4%
5%
6%

400

450

500

550

600

650

700

Wavelength (nm)
Fig. 4: Spectral curves of Remazol LM Yellow FL dyed samples at various % colour strengths.
Tab. 7: CIELab values of Remazol LM Yellow FL dyed samples.
CIE Colour Coordinates

%Dye

L*

a*

b*

C*

h°

X

Y

Z

x

y

β

%0.05

94.31

-8.32

17.26

19.16

115.74

77.33

86

69.37

0.3323

0.3696

0.86

%0.1

95.09

-12.2

24.58

27.44

116.39

77.07

87.83

62.43

0.339

0.3864

0.87

%0.2

95.99

-17.3

32.68

36.98

117.89

76.48

89.99

55.36

0.3448

0.4057

0.89

%0.5

97.95

-25.44

47.39

53.78

118.23

76.62

94.79

44.44

0.355

0.4392

0.94

%1

98.52

-29.21

57.19

64.22

117.05

75.97

96.21

37

0.3632

0.4599

0.96

%2

99.27

-31.9

67.8

74.93

115.2

76.23

98.12

30.11

0.3729

0.4799

0.98

%3

99.27

-32.68

76.21

82.93

113.21

75.85

98.12

24.67

0.3818

0.494

0.98

%4

99.42

-33.06

80.58

87.1

112.31

75.98

98.5

22.27

0.3862

0.5006

0.98

%5

99.25

-32.56

84.18

90.26

111.15

75.88

98.08

20.15

0.3909

0.5053

0.98

%6

98.72

-31.89

86.38

92.08

110.27

75.09

96.74

18.56

0.3944

0.5081

0.96

With a reactive fluorescent dye, Remazol LM Yellow FL (Dystar), very bright colours with high luminance factors
were obtained, and this reactive dye can be used at various colour strengths for the production of the high visibility
clothings.
0,65

0.05%

0,6

0.10%
0.20%

y

0,55

0.50%

0,5

1%
2%

0,45

3%

0,4

4%

0,35
0,3

5%
6%

0,3

0,35

0,4
x

0,45

0,5

Fig. 5: Wavelength vs. %SRF values of the samples dyed with Remazol LM Yellow FL at various % colour
strengths.(Datacolor spectrophotometer was used in these measurements).
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The wash and rubbing fastnesses of all dyeings are quite good and given in Table 8 and Table 9.
Tab. 8: Rubbing fastness test results of the 1% and 6% o.w.f. dyed samples.
Dye Class

Direct

Reactive

Dye Class
Direct
Reactive

Dye

Dye

%Colour Strength

C.I Direct Yellow 96
C.I Direct Red 277
C.I Direct Blue 199
C.I Direct Orange 26
C.I Direct Yellow 96
C.I Direct Red 277
C.I Direct Blue 199
C.I Direct Orange 26
Remazol LM Yellow FL
Remazol LM Yellow FL

1
1
1
1
6
6
6
6
1
6

Wet
5
5
5
5
4-5
4
4
4
5
5

Dry
5
5
5
5
5
4-5
4-5
4-5
5
5

Tab. 9: Washing fastness test results of the 1% o.w.f. dyed samples.

C.I Direct Yellow 96
C.I Direct Red 277
C.I Direct Blue 199
C.I Direct Orange 26
Remazol LM Yellow FL

%o.w.f. Colour Change
1
4-5
1
4-5
1
4-5
1
4
1
5

Ac
5
5
4-5
5
5

Co
4-5
4
4
4-5
5

PA
5
5
4-5
5
5

PES
5
4-5
4-5
4
5

PAN
4-5
4-5
4-5
4
5

Wo
5
5
5
4-5
5

IV. Conclusions
In this work, four fluorescent dyes from the direct dye class and one reactive dye were used to investigate whether
they comply with the EN471 standard in order to be used for the high visibility clothings. The blue dye was not
determined in EN471 standard, but it can be used in the dye mixtures to produce more fluorescent coloured
materials. This was also studied elsewhere (Beyazay 2007). The dyeings with C.I. Direct Yellow 96 and C.I Direct
Orange 26 gave high luminance factors and complied with the standards at various colour strengths. C.I. Direct
Red 277 and C.I Direct Blue 199 gave also bright coloured materials and they can only be used in the dye mixtures
to produce more fluorescent colours. Finally, Remazol LM Yellow FL gave brilliant colours and it can be used in the
production of the high visibility clothings where a reactive dyeing is necessary. The direct dyes and the reactive
fluorescent dye used in this work gave very good wash and rubbing fastness results without a final treatments.
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Abstract:
Karakul sheepskins have a great importance in world wide double face leather production due to the specific fibre character of
the skins. Furs produced from Karakul sheepskins are referred as astrakhan and have a high economic value. This is due to the
unique curls, color and the pattern of the Karakul sheepskin fibres. Besides, Karakul is native to Central Asia, the livestock is
limited that results higher sales prices to Astrakhan. Therefore in recent years as a result of the developments occurred in fur
processing industry, it is enabled to provide the astrakhan appreance to some lambskin types by special manufacturing
techniques. Although it is known as some double face factories put the astrakhan manufacturing in practice, there isnt any study
found in literature. Accordingly in this study, it was aimed to produce astrakhan furs from lambskins by the design of special
production recipes and techniques and to determine the characteristic properties in terms of testing grammage and softness,
tensile and tear strengths, water vapor and air permeability as well as rubbing fastness properties. As a result of the study,
detailed information about astrakhan furs were achieved that results valuable product manufacturing having special patterns
and effects to double face industry.
Keywords: leather, double face, karakul sheepskins, astrakhan

I. Introduction
Karakul sheep is considered as one of the oldest breeds in the world and known as the most important sheep used
for the high quality leather manufacturing (Nel, 1991; Näsholma and Eythorsdottir, 2011). Karakul is a fat-tailed
desert breed and native to Central Asia. But in literature it is stated that initially it was raised in Turkistan and
spreaded to other regions of Asia in time (Näsholma and Eythorsdottir, 2011; Snyman, 2014). Due to the
characteristic curly pelt of the new-borns, Karakul lambs are slaughtered after a short time from birth (Flamant et
al., 1982). Most of them have coal black color with bright wavy curls showing smooth and sleek hair (Snyman,
2014). Grey, white or brown Karakul pelts have also been found. In addition to color; curl type, pattern, hair quality
and length are the most important Karakul characteristics (Nel 1991; Schoeman 1998). Curl type is the curl amount
of the new-born lamb. Water silk, shallow curl, developed shallow and pipe curl are the most preferred types of curl
(Näsholma and Eythorsdottir, 2011).
Pattern is the property that expresses the attractiveness of the curl. Hair quality is important due to the durability of
the pelt and is affected by texture, lustre, and thickness of the fibres. A shiny and silky fibre with elasticity is
expected (Naesholm and Eythorsdottir 2011) from the pelts. For the leather industry, Astrakhan leathers, the
leathers produced from Karakul sheepskins, have a high economic value due to the unique properties of curls,
color and patterns of the fibres. The limited livestock of Karakul sheeps that results higher sales prices to
Astrakhan leathers are caused to provide the astrakhan appreance to some lambskin types by special
manufacturing techniques as a result of the new techniques and developments occurred in fur processing industry.
Although astrakhan or astrakhan type leather manufacturing in practice is present, there isnt any study found in
literature showing the characteristic properties of the astrakhan leathers.
For this purpose, in the study, it was aimed to produce astrakhan furs from Australian lambskins by the design of
special production recipes and techniques. Besides, the characteristic properties of Astrakhan doubleface leathers
were determined in terms of wear comfort tests by determining the grammage and softness, tensile and tear
strengths, water vapor and air permeability properties of the leathers.
II. Experimental Set-up and Procedure
Australian raw lambskins were used for the production of astrakhan type double face leathers. The production
recipes were shown in Table 1 and Table 2. The conventional chemicals in technical grade were used in the fur
production and supplied from Pulcra Chemicals (Geretsried, Germany).
Tab. 1: The beamhouse operations of Australian lambskins used for the production of Astrakhan furs
Process
Soaking
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g/l
1:5
0.5
0.5

Material
Water
Antifelting agent
Soaking agent

oC

25

1

Time

pH
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Soaking

Soaking

0.2
1:5
0.5
0.5
0.3
1:5

Bactericide
Water
Antifelting agent
Soaking agent
Bactericide
Drain, Mechanical processes
Water

0.5

Antifelting agent

0.5
0.3
0.5
Degreasing 1:3
3
1
0.7
Pickling
1:3
1.5
2
3
3
3
3
0.5
1

Soaking agent
Soaking agent with emulgators
Bactericide
Water
Degreasing agent
Antifelting agent
Bating agent
Water 6,5 Be'
Synthetic fatliqour
Pickling agent
Bating agent
HCOOH
HCOOH
HCOOH
H2SO4
Aluminium triformate
3 days

De-pickling 1:3
1.2
1.5
6
6
6

Water 5.5 Be'
Synthetic resin
Degreasing agent
Basification agent
Basification agent
Basification agent
Drain, fleshing
Water
Degreasing agent
Soaking agent/Tenside

Degreasing 1:3
4
1

25

10

2-3h.

15

Over night

15

Over night

25

38

30
30+30

30

45
90
240
20
20
20
180
60

30

4.5

45
45
20
20
300

3

Over night

6

O/N

40
60

Tab. 2: Tanning and post-tanning operations of Australian lambskins used for the production of Astrakhan furs
Process
Tanning

g/l
1:3
2
1

Washing

Chrome retannage

Neutralization

2
3.5
10
2
10
1.6
1:3
0.5
0.5
1:3
1.5
0.2
2
1
0.8
1:3
2
2

Material
Water 6.0 Be'
Synthetic oils with
active emulsifiers
Synthetic fatliqour
Synthetic-natural
fatliqour
HCOOH
Chromium
Basification agent
Chromium
Magnesium oxide
Water
Acetic acid
Nonionic tenside
Water
Syntehtic fatliqour
HCOOH
Chromium syntan
Synthetic tannin
Basification agent
Water
Sodium formate
Basification agent

2

C Time
30
o

35

35

35

60
120
60
30
120
300

pH

3,5

3,9

Over night

90
90

4.0

Over night

30
90

6.0

15
30
30
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Fatliquring

1:3
2.5

Water
50
Synthetic fatliqour
Synthetic oils with
active emulsifiers
Natural-synthetic
fatliqour
Phospho
ester
based falliqour
Synthetic fatliqour
120
HCOOH
45
HCOOH
45

3
2

Mechanical Processes

2.5
1
0.3
0.3

4.2

III. Analysis
Subsequent to mechanical operations, the sampling, preparation and conditioning of the crust doubleface leathers
to physical tests were performed in accordance with the standard of TS EN ISO 2418 and TS EN ISO 2419
respectively.
Prior to mechanical analysis, the thickness of the leathers were performed in accordance with TS 4117 EN ISO
2589 standard. The tensile strength and elongation at break (TS 4119 EN ISO 3376), tear (TS 4118-2 EN ISO
3377-2) and stitch tear (TS EN ISO 23910) strengths of double face leathers were determined in terms of
mechanical characteristics. For determining the comfort properties of astrakhan type doubleface leathers, the
stiffness (ASTM D4032), air (TS 391 EN ISO 9237) and water permeability (TS EN ISO 14268) tests were
selected.
IV. Results and discussions
The mechanical characteristics of the astrakhan doubleface leathers in terms of thickness, tensile strength, tear
and stitch tear resistance values are presented in Table 3-5.
Tab. 3: Thickness and tensile strength (N/mm2) values of astrakhan double-face leathers

V*-Mean
H*-Mean
Mean

Thickness
1.25
1.26
1.26

Max Force (N)
109.13
105.73
107.43

*H: Horizontal to the backbone, V: Vertical to the backbone

Tensile Strength (N/mm2)
8.73 ± 0.12
8.39 ± 1.15
8.56 ± 0.64

Tab. 4: Thickness and Tear Strength (N/mm) values of astrakhan double-face leathers

V*-Mean
H*-Mean
Mean

Thickness
1.35
1.31
1.33

Max Force (N)
30.09
21.96
26.03

*H: Horizontal to the backbone, V: Vertical to the backbone

Tear Strength (N/mm)
22.37 ± 0.60
16.77 ± 0.29
19.57 ± 0.45

Tab. 5: Thickness and Stitch Tear Strength (N/mm) values of astrakhan double-face leathers

V*-Mean
H*-Mean
Mean

Thickness
1.27
1.27
1.27

Max Force (N)
60.78
56.12
58.45

*H: Horizontal to the backbone, V: Vertical to the backbone

Stich Tear Resistance (N/mm)
47.85 ± 8.04
44.19 ± 3.05
46.05 ± 1.94

Tab. 6: Grammage, water vapor permeability, air permeability and stiffness values of astrakhan double-face leathers
Grammage
Stiffness
Water Vapor Permeability
Air Permeability (300 Pa)

624.27± 12.83 g/m2
25.69 ± 6.54 N
11.023 ± 0.12 mg/cm2h
2.52 ± 0.68 l/m2/s

*H: Horizontal to the backbone, V: Vertical to the backbone

The mechanical strength values of the double face leathers are found appropriate in garment use. The grammage
results showed the lightness of the double face leathers. High air and water vapor permeability results were
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achieved from the astrakhan type doubleface leathers. The stiffness results indicated the softness degree of the
astrakhan doubleface leathers because the stiffness properties could be related to the softness of the leathers
which is one of the important quality criteria of the garment leathers (Ork, 2017).
V. Conclusions
In the study, to produce astrakhan furs from Australian lambskins by the design of special production recipes and
techniques and to determine the characteristic properties of Astrakhan doubleface leathers were aimed in terms of
wear comfort and mechanical tests and following conclusions have been drawn;
a. The astrakhan type doubleface leathers can be produced by special production recipes and the same pattern
and characteristic properties of Karakul fibers are perfectly obtained by the Australian lambskins. b. Information
about astrakhan furs in terms of mechanical and wear comfort was achieved that provides valuable product
manufacturing having special patterns and effects for the doubleface industry.
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ABSTRACT
Thermal transfer printing system, which works transferred onto textile fabric by heat of the image formed in the film material
surface, is a printing system used in textile industry. The exactly transferring onto the textile fabric of the image on the film
material and the remain stable of the transferred image after the use and washing conditions are an important indication for a
quality print. In this study, firstly it was determined the physical properties of the bamboo jersey fabrics. Then, it was transferred
of the image in the thermal printing system on the fabrics at 3 different temperatures. And then it was performed the washing
process of fabrics before and after printing and measured the values of L*a*b*, the gloss and the light resistance of the printed
fabrics.
From the obtained data, the printability of the bamboo jersey fabrics in the thermal printing system and the resistance of the
print after the standard washing were determined.
Keywords: Bamboo, Jersey, Thermal print, Printability
INTRODUCTION
The thermal transfer printing system is an environmentally friendly printing system that will not leave the solvent vapor harmful
to the environment and the human body [1]. It is a printing system in which image transfer is carried out by using the method
of adhering the pigments on the film material to the substrate under pressure with the use of temperature and pressure [2].
Heat, pressure and applied pressure duration are important pressure parameters that determine print quality in this printing
system. Also, these printing parameters, which are determined according to the surface properties of the substrate, are important
for high print quality [3-4].
In thermal transfer printing systems, image on transfer papers are transferred by the screen printing or digital technology methods.
The solid paint particles on the transfer paper are transferred to the substrate after the heat and pressure formed during printing
[5].
The temperature and the applied tme period in thermal transfer printing is vary according to the substrate. In this study, it was
made for determining the effect on the print quality and durability of the image transferring onto bamboo jersey fabrics at
different temperatures in the thermal transfer printing.
MATERIALS AND METHODS
Textile Fabric Properties
In this study, bamboo jersey fabrics were used. The fabric structure is with yarn No Nm30, Twist z 402x2, 490x2, 407x2, 419x2,
401x2, grammage 1.305 g / m2.
Creating Transfer Printing Film
Printing master films were prepared and then they were printed on polyester film by HP Indigo 5500 digital printing machine.
In order to prevent spreading of the image, the surfaces of printed polyester films were coated with white dye using a semiautomatic screen-printing machine. The mesh number was 140 threads/cm (tpc). After print, they were dried at 60C. And then,
it was coated with water-based adhesive for giving binder feature using screen-printing system. The mesh number was 68
threads/cm (tpc).
Carrying out Thermal transfer printing
The obtained printing master films were transferred on cotton, polyamide and polyester textile fabrics using Sahok Sh 49BD
thermal transfer printing machine at 160°C, 180°C and 200°C temperatures. In this process, printing pressure and printing time
were kept constant.
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Measurement of Printability Properties
CIE L*, a*, and b* values of the printed uncoated samples and the printed samples coated with EA oligomer were measured
by the D50 illuminant/2° observer values using X-Rite eXact Densitometer [6]. BYK Portable glossmeter (BYK-Gardner Gmbh,
Geretsried, Germany) was used based on ISO 2813 (2014) to determine the gloss values of the printed samples. Both CIE L*,
a*, and b* color values and gloss values of the printed samples were measured immediately after printed and the washing.
Also, Resistance of printed fabrics to fade was measured according to BS 4321 using Solorbox 1500 device.
Washing Conditions
The obtained printed, bamboo jersey fabrics were washed once by using ECE non-ionic detergent (4 g/L) solution in water at
40oC for ½ h [14]. The quality of the printing process were evaluated both before and after the washing step.
RESULTS AND DISCUSSION
Figure 1 shows the print density values of Cyan, Magenta, Yellow and Black colors printed on bamboo jersey fabrics at different
temperature changes and after washing process. It saw that there is a decrease in the density values depending on the increase
in temperature values in all colors. After the washing process, the density values of the colors were not changed negatively.
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Figure 1: The print density values before and after the washing
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Print lightness (%)

Figure 2 shows the print lightness values of Cyan, Magenta, Yellow and Black colors printed on bamboo jersey fabrics at
different temperature changes and after washing process. It is understood from the obtained data that neither the change of the
temperature values nor the washing process has any effect on the printing lightness values.
100
90
80
70
60
50
40
30
20
10
0

160
180
200

Cyan

Yellow

Magenta

Black

Print lightness (%)

Print color before washing

100,00
90,00
80,00
70,00
60,00
50,00
40,00
30,00
20,00
10,00
0,00

160
180
200

Cyan

Yellow

Magenta

Black

Print color after washing
Figure 2: The print lightness values before and after the washing
Figure 3 shows the print chroma values of Cyan, Magenta, Yellow and Black colors printed on bamboo jersey fabrics at different
temperature changes and after washing process. Depending on the increase in temperature, there is a slight decrease in the
print chorma values of the print colors. This decrease was slightly increased after washing.
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Figure 3: The print chroma values before and after the washing

Table 1: The gloss values before and after washing of bamboo jersey fabrics

Bamboo jersey fabrics

Gloss before
washing

Gloss after washing

2,3

2,6

Bamboo jersey fabrics before and after washing preserved their gloss values (Table 1).
Table 2: The print gloss values before the washing
Print Gloss before washing
Cyan

160 °C

180 °C

200 °C

1,6

2,2

2,1

3

3,3

3,3

2
1,7

2,1
1,80

2
1,8

Yellow
Magenta
Black

In Table 2 it is seen that the gloss values of Cyan, Magenta and Black colors after printing are slightly lower than the gloss of
unprinted Bamboo jersey fabrics. However, the change in the temperature values did not significantly affect the print gloss
value.
Table 2: The print gloss values after the washing

Print Gloss after washing
Cyan

160 °C

180 °C

200 °C

0,8

0,8

0,9

Yellow

2,1

1,9

2,1

Magenta
Black

1
0,6

0,9
0,7

0,8
0,6

Printed gloss values decreased after washing. The change in the temperature values did not affect the print gloss value (Table
3).
Light fastness measurement was made according to BS ISO 12040: 1997 [7]. According to this standard, it means 1 very little,
2 little, 3 medium, 4 fairly good, 5 good, 6 very good, 7 excellent and 8 spectacular.
4
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Table 4: The evaluation of light fastness of printed fabrics
160 °C

180 °C

200 °C

Cyan

7

6

5

Magenta

7

6

5

Sarı

7

6

5

Siyah

7

6

5

Table 4 shows the results of evaluating the light fastness of the printed fabrics according to the blue scale before the washing.
It is seen that the light fastness values of the colors decrease due to the temperature increase in the table. The best fastness value
was obtained at 160 ° C.
CONCLUSIONS
1.

The fact that the Cyan, Magenta, Yellow and Black colors printed on the Bamboo jersey fabrics do not change in the
different print temperature values and the printing density after washing show that the consistency in the printing
density value is maintained.

2.

Both the change in print temperature values and the print lightness values of the wash process did not affect.

3.

The print chroma values do not change significantly due to different print temperature values and washings. It has
shown that the color universe, which is can be obtained after print, preserves consistency.
Before and after washing Bamboo jersey fabrics retained their gloss values. The value of the print gloss was not
significantly influenced by the change in temperature values. But, the print gloss values were noticeably reduced after
washing.

4.

5.

Depending on the print temperature increase reduced in light fastness of print colors. The best light fastness value was
obtained at 160 ° C.

In general, it is concluded results that Bamboo jersey fabrics have a printable structure in thermal transfer printing and
preserve the consistency of the print outside the print gloss after the washing process. While the increase in the print
temperature value does not significantly affect the print quality, it affects the light fastness of the print.
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