
1. INTRODUCTION
Due to the increasing consumption trend with the devel-
oping technology, environmental pollution and dramatic 
waste formation occur on a global scale. This situation pos-
es a great threat to the environment and human health [1]. 
On the other hand, considering the limited raw material re-
sources and the increase in raw material needs, the idea of 
meeting the raw material need from waste arises [2].

Waste recovery is very important for economic sustainabil-
ity. Therefore, developed and developing countries tend to 
work on the recovery and efficient use of waste [3]. Waste 
can be classified according to many parameters such as eco-
nomic values, amount of formation, recovery conditions. 
However, they are classified as waste, organic waste, met-
al waste, plastic waste, electronic waste, paper-cardboard 
waste according to the amount of formation. When evalu-
ated to its formation, most waste generation is observed in 
organic waste [4].

Increased waste generation for waste recovery is also asso-
ciated with increased energy demand. Converting waste to 
energy has great advantages in terms of economic condi-
tions and environment. Therefore, encouraging decisions 
have been taken in various countries around the world to 
provide energy recovery from waste [5-7]. The Government 
of India has seen agricultural waste as a significant income 
potential.  In this context, studies have shown that farmers 
gain high income from biogas production and worm fertil-
ization [8]. On the other hand, considering the dependence 
on fossil fuels, the fact that fossil fuels are exhaustible and 
pose an environmental threat reveals results that support 
the idea of using organic wastes as energy and raw materials 
[9-10]. If organic wastes are not utilized, their storage poses 
a problem. In addition, during traditional disposal methods, 
problems such as the inadequacy of the lands, the emission 
of greenhouse gases and the spread of harmful substances 
to the environment arise [11-13].  When organic wastes are 
integrated into recovery, it is possible to gain energy and raw 
materials. Organic wastes can be used as an energy source, 
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especially in obtaining biogas and using it in electricity gen-
eration [14-16].

Organic wastes, which are generally used for energy produc-
tion, can also be used as a raw material source. In some stud-
ies, it is seen that it is appropriate to use agricultural wastes 
in animal feed production [17]. In another study conducted 
for the evaluation of food wastes, the chemical properties 
of some food wastes were examined. These wastes found 
that they have the potential to be reused in the production 
of products such as drugs and food supplements [18]. In a 
study conducted on the determination of some mechanical 
properties of organic wastes, the electromagnetic field and 
thermal properties of pomegranate seed wastes were tried 
to be determined and it was mentioned that these wastes 
could be added as additives to the compositions of thermal 
insulation, electromagnetic absorber, etc. [19-20]. In addi-
tion, absorber and radome applications have an important 
place in electromagnetic field applications [21].

In this study, it was tried to determine the electromagnet-
ic field properties of the sample obtained by steel powder 
(slag) wastes used in the iron and steel industry with organic 
wastes. Within the scope of the study, the experimental re-
sults of pure apple pulp and slag-added apple pulp were ex-
amined in detail. The comparisons of both samples in terms 
of cutting or not affecting the signals on the electromagnetic 
field permeability are presented by graphical analysis.

2. MATERIALS AND METHODS
In this study, apple pulp wastes and metal wastes (slag) were 
selected as samples in experimental studies.  First of all, 
the algorithm that enables organic wastes to be converted 
to sample format is shown in Figure 2.1. The waste prod-
uct to be recycled is determined from organic wastes with 
a wide product potential. In the ongoing process, the de-
termined waste product must be separated into structures 
such as water, shell and pulp. Decomposed waste structures 
are subjected to dehumidification and dried in the oven in 
order to prevent decay. Then, in order to determine the elec-
tromagnetic properties of the samples, the test samples are 
made ready by a press bench with a capacity of 50 tons and a 
specially produced square plate production mold.

Figure 2.1. Wastw recovery agorithm

The slag used in the study was purchased from İskenderun 
Demir ve Çelik Company and its specific gravity is 2.89 g 

/ cm3 and Blaine fineness is 540 m2 / kg. In addition, the 
chemical properties of the slag are shown in Table 2.1.

Table 2.1. Chemical properties of blast furnace slag [22].

Chemical composition Analysis results of slag (%)

CaO 36.25

SiO2 34-36

SO3 0.60

Na2O 0.28

K2O 0.75

S-2 0.51

Al2O3 11.34

Fe2O3 0.74

MgO 6.10

Loss of glow 0

Free Lime 0

The drying oven shown in Figure 2.2 is an oven with a ca-
pacity of 300 ° C, powered by electricity and generating heat 
with the resistances inside. The waste samples laid on metal 
plates are dehumidified for 4 hours at 82 ° C in this oven and 
converted into a form suitable for pressing.

Figure 2.2. Drying oven

The dried organic waste samples and slag wastes are con-
verted into sample format with a specially designed mold 
and pressing bench.

Figure 2.3. Square Plate Production Mold Parts

As shown in Figure 2.3 the mold pressing block, designed 
to produce samples with a surface area of 16x16 cm² and a 
thickness of 5 mm - 50 mm, consists of a total of four main 
elements: lower table, female mold and sample extraction 
legs. Here, the thrust block is made of 1050 steel and is resis-
tant to high pressures. The mold cavity is worked with 10-
³cm measurement accuracy. The lower table is the part on 
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which the sample is pressed and it is made of st-37 steel. The 
female mold serves as the filling chamber of the sample and 
is the most important part of the mold. This part is made of 
2040 manufacturing steels and the working gap is designed 
with 10-³ cm precision.

Figure 2.4. Pressing Bench

The pressing bench shown in Figure 2.4  is a bench with a 
maximum capacity of 50 tons and can be operated manually. 
A specially produced mold is placed between the upper and 
lower jaws seen on the counter. After the mold cavity and 
compression blocks are fixed, pressing at the desired value 
can be applied to the sample in the mold cavity through the 
control screen of the device. With the help of the screen on 
the pressing machine unit, the applied pressure value is ob-
served and can be adjusted to the desired values instantly.

Two-port Agilent N5234A PNA-L Microwave Network An-
alyzer was used to determine the properties of the prepared 
samples.

Figure 2.5. Schematic view of Agilent N5234A PNA-L Microwave Network 
Analyzer

The schematic view of the test setup established to deter-
mine the electromagnetic behavior of the samples is as 
shown in Figure 2.5. Testing is carried out by placing sam-
ples at the midpoint of two broadband linearly polarized 
horn antennas. Network analyzer is used to measure the pa-
rameters S11, S12, S21 and S22 for a two-port system called 
scatter parameters (S-parameters).  Here, S11 and S22 rep-
resent the amount of power reflected back from the first and 
second ports, respectively, while the parameters S12 and 
S21 show the power transferred between the two ports. As 
a result, the parameters S11 and S22 selected as reflection 

parameters are equal to each other, and in the same way, the 
parameters S12 and S21, which are evaluated as transmis-
sion parameters, are equal to each other. 

Figure 2.6. Electromagnetic test setup and test application

While performing the measurements, firstly, the calibration 
process of the device is performed in three conditions, open, 
closed and short circuit. Then the measurement for air is 
taken as a reference. Finally, produced samples are subjected 
to the measurement process as seen in Figure 2.6. The sam-
ples are made by placing the samples vertically between two 
antennas at a distance of 10 cm from each antenna.

3. RESULTS AND DISCUSSION
In this section, reflection and transmission values of samples 
prepared by experimental studies in the microwave laborato-
ry have been obtained. As is known, empty air environments 
do not affect electromagnetic signals in terms of reflection 
or transmission parameters. Therefore, the air environment 
reflection and transmission parameters were determined in 
the device first, and other measurements were interpreted 
according to the air reference. In addition, measurement 
results were obtained for a professional absorber material 
currently in use, and electromagnetic characteristics were 
obtained for pure apple, 50 g slag-added sample and 150 g 
slag-added sample according to their close behavior to air 
and absorber material.

Figure 3.1. Reflection parameters of samples after electromagnetic field 
test
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The reflection values obtained with five different setups are 
as shown in Figure 3.1. These five different mechanisms are 
described in the following order;

• Air
• Electromagnetic absorber
• pure apple sample
• 50gr Slag and Apple combination
• 150gr Slag and Apple combination

Here, when the reflection values are compared with air, the 
retro reflection values of the combinations of slag and apple 
samples occur in a multi-band fashion, which supports the 
idea that the signals are not reflected back. 

Figure 3.2. Transmission parameters of samples after electromagnetic 
field tests

Transmission values between two antennas have been mea-
sured with five different setups and are given in Figure 4.2. 
As shown in Figure 4.2, compared to air, the combination 
of apple and slag-apple structures reduce the transmission 
value in the 3-18 GHz range. The structure using 50gr slag 
in the 6-8 GHz and 13-16 GHz bands reduces the transmis-
sion value by approximately 10 dB compared to the struc-
ture using 150 gr slag. Remarkably, when the slag addition 
is increased, the transmission values decrease. In addition, 
when the frequency range of 8-12 GHz is examined in trans-
mission parameters, it is seen that transmission losses at the 

same levels are observed in pure apple, 50 g slag-added ap-
ple and 150 g slag-added apple structures. In this case, it 
was determined that the slag addition does not provide great 
advantages to the pure apple pulp structure in terms of elec-
tromagnetic permeability in some frequency regions.

S11 (reflection values) and S12 (transmission values ob-
tained as a result of electromagnetic field tests can be cal-
culated with the help of the formula shown in Eq.1 for each 
sample.

( ) ( )2 21 S11 S12Absorption = − −
                                                                              (1)

The reflection and transmission values obtained by using the 
absorption equation were converted from decibels to linear. 
The graph given in Figure 4.3 gives the electromagnetic sig-
nal absorption characteristic of both slag combinations. The 
developed samples perform excellent signal absorption in 
the 10.25 GHz and 15.8 GHz frequency regions. In addition, 
there is an average of 90% signal absorption in the 8-17 GHz 
range.

In the light of the results obtained, it is predicted that the 
proposed sample can be used in communication systems 
such as radar. In addition, these frequency regions have a 
wide range of applications.

4. CONCLUSION
In general, millions of tons of waste derivatives are dys-
functional worldwide and pose problems for the environ-
ment and public health.  In this study, by approaching waste 
recovery with an innovative perspective, a new structure 
was obtained by combining apple pulp, an organic waste, 
and slag samples with metal waste, and the electromagnetic 
absorption characteristic of this samples was examined in 
detail. In this context, it has been proved that it is possible 
to develop absorber materials that are economically used in 
high value-added technologies in the study conducted on 
recycling waste.

With the samples proposed in the study, it has been shown 
that it is possible to obtain absorption with high efficiency, 
especially in high frequency regions. Considering the gener-
al findings, it has been determined that studies on the physi-
cal combination of slag wastes and apple pulp wastes need to 
be deepened and the results change negatively when a cer-
tain amount of slag additions are exceeded in terms of elec-
tromagnetic field permeability. Ensuring improvements in 
combining two waste structures with each other during the 
sample preparation process and determining the optimum 
slag amount in a more convergent result between these two 
reference measurements can be a source for future studies.
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