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RESULTS

A Laboratory scale microwave irradiation system is used to remove excess water from
sewage sludge.
The sludge was exposed to microwave radiation for different durations and power
levels. Moreover, in the scope of this study different size of glass beads (3mm–10mm
glass beads) and different kind of containers (plate-beaker) are used to investigate
the most effective conditions.
Power levels of microwave used were 350 Watt, 460 Watt and 700 Watt in this study.
Exposure time of microwave to the sludge was between 1 minute and 5 minutes. According to the results, 460W was selected optimum power level of microwave because of its higher solid content concentration and the optimum microwave exposure time was selected as 3 minutes. Also, the mixed and suppressed samples have
higher solid content than mixed and unsuppressed samples for 3 minutes.
Besides, the effect of surface area was investigated with different size of glass beads

Solid Content vs. Microwaved Time Graph for power level comparison for 20 gram sample

by comparing 20gr and 50 gr samples.
As a result of the study, sludge volume reduction, solid content, time of exposure,
temperature and power levels were investigated . Moreover, the effect of addition of
glass beads were analyzed. Consequently, microwave technology can be further developed for the use of wastewater treatment plants to achieve required volume reduction of sludge before final disposal.

INTRODUCTION
Sludge drying process reduces mass and volume of the product, making its storage,
transport, packaging and retail easier and also enables incineration or co-incineration of
sludge.
This study analyzed the effect of microwave power levels on the solid content of sewage
sludge with varying parameters such as;


Different sludge quantities (20 - 50g)



Exposure time (1-5 min)



Microwave power level (350W-460W-700W)

After that the effect of glass beads was examined on the solid content of the sludge and
compared according to:


Usage of beads



Size of beads



Distribution of beads on the sludge

LITERATURE REVIEW
Drying is a necessity. It should be remembered that the process of sludge thermal
drying is not a cheap solution mainly because of its high energy demand, at least, as long
as there is no source of “waste” energy that can be reused for drying (e.g. biogas, flue
gases of a comparatively high enthalpy, low-parameter steam). On the other hand, it is
impossible to obtain a significant high solid content in the sludge (>85%) without an application of drying process. It is related with the types of water in the sludge (1).

Sludge Drying by Microwave Oven
There is research about effects of microwave to sludge which is Emil Riti-Mihoc, Dan Porcar.
The main method to increase the sludge solid content higher than 85% is drying. But some
researchers (Emil Riti-Mihoc, Dan Porcar, 2016) found that this current drying methods,
e.g. natural drying is not effective and requires large spaces, or classical thermal drying requires high energy. Therefore, a new drying technology that minimizes energy consumption
should be used (2).

CONCLUSION
Because of limited landfill area and high transportation costs; microwave drying
was preferable. Using microwave drying, it can be seen that solid content of sludge

PROCEDURE
1- Required amounts of sludge were taken by using spoon.
2- Taken sludge were placed to the 5 beakers.
3- Some amount of sludge was placed directly to a dish as a blank and placed to the
105OC furnace for 24 hours.
4- The other 5 beakers were microwaved with different exposure times and
temperatures were measured and recorded.

was increased significantly due to heat of irradiation resulting in drop of moisture
content.
To achieve over the 80% solid content, 460 Watt was the optimum power choice by
comparing with the other power levels of microwave oven. 3 minutes microwave exposing to the sample was also optimum exposing time for 460 Watt power level. High
surface area experiments show that the increasing of surface area of sludge was not
good method to achieve over the 80% of solid content. Besides, 3mm glass beads was
more efficient than 10mm.

5- Dishes were weighed.
6- Approximately 2g of microwaved sludge was placed in to the dishes.
7- Weight of dishes including sludge was weighed and recorded.
8- They were placed to the 105OC furnace for 24 hours.

Experiments also show that mixed-suppressed samples with 3mm glass beads and
suppressed-beads on top samples were the best methods to achieve optimum results
for 460 Watt 3 minutes microwave exposing. The results were over the 80%, when
3mm and 5gr glass beads were used for mixed-suppressed samples. And also, when

9- After 24 hours dishes including solids were placed to the desiccator for 15 minutes.

10gr and 15gr glass beads were used for mixed-suppressed and suppressed-beads on

10- Dishes were weighed and recorded.

top samples, the efficiency was over the 80%. However, the best result was achieved

Procedure (with beads)
1- A required amount of sludge was taken by using spoon.
2- Taken sludge was placed to the 3 beakers.
3- Some amount of sludge was placed directly to a dish as a blank and placed to the
105OC furnace for 24 hours.
4- Required amount of beads (3mm and 10 mm) were weighed.
5- The first sample in the beaker which is without beads was microwaved at optimum
levels.
6- The second sample in the beaker which is with 3mm beads was microwaved at
optimum levels.
7- The third sample in the beaker which is with 10 mm beads was microwaved at
optimum levels.

with 15 gr glass beads for mixed-suppressed samples.
As a result, when the glass beads added in the sludge samples especially under
mixed-suppressed conditions, better solid content efficiency was seen than without
glass beads samples. This study clearly revealed that addition of the glass beads during sludge drying process increased the solid content of the sludge without using an
extra energy.
The price of the energy required to dry 20 grams of sludge at 460 W & 3 min & 10 g
beads(0,314096 TL/kW);
Cost of study 460 W 3 min was calculated 361,20 TL /day.
The cost of the belt drier was 482,45TL/day.
According to these results, 25% profit was provided by using 460 W,3 min.

8- Dishes were weighed.
9- Approximately 2g of microwaved sludge was put in to the dishes.
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