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Abstract: The article presents multifunctional composite absorbers of microwave and X-ray electromagnetic radiation 
proposed and developed by authors. Compared with the analogs, these absorbers contain powdered activated charcoal as 
the component absorbing microwave electromagnetic radiation energy and powdered barium sulfate as the component 
absorbing X-ray electromagnetic radiation energy. The absorbers are three-layer ones. It was established that microwave 
electromagnetic radiation absorption coefficient values of the absorbers containing the powdered activated birch charcoal 
vary from 0.5 rel. units up to 0.92 rel. units in the frequency bands 3.5–7.0 GHz, 10.8–14.2 GHz, and microwave 
electromagnetic radiation absorption coefficient values of the absorbers containing the powdered activated coconut 
charcoal vary within the specified limits in the frequency bands 5.0–7.5 GHz, 10.2–17.0 GHz. The values of X-ray 
attenuation coefficient provided by the absorbers vary from 2.0 to 8.7 rel. units. These absorbers can be used to cover the 
walls of rooms where X-ray machines are located. This will ensure a reduction in the degree of influence on these devices, 
as well as computer equipment connected to them, of microwave electromagnetic radiation from external sources, as well 
as a reduction in the degree of influence of X-ray radiation generated by these devices on electronic devices and on people 
who are outside the specified rooms. 
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Аннотация: Представлены многофункциональные композиционные поглотители микроволнового и рентгеновского 
электромагнитного излучения, предложенные и разработанные авторами. По сравнению с аналогами данные 
поглотители содержат порошкообразный активированный уголь в качестве компонента, обеспечивающего 
поглощение энергии микроволнового электромагнитного излучения, и порошкообразный сульфат бария  
в качестве компонента, обеспечивающего поглощение энергии рентгеновского электромагнитного излучения. 
Такие поглотители являются трехслойными. Установлено, что значения коэффициента поглощения 
микроволнового электромагнитного излучения поглотителей, содержащих порошкообразный активированный 

Original papers 
Materials for energy and environment, next-generation photovoltaics, and green technologies 



 

Boiprav O.V., Bogush V.A., Grinchik N.N. 

Journal of Advanced Materials and Technologies. 2023. Vol. 8, No. 4

295

березовый уголь, изменяются в пределах от 0,5 до 0,92 отн. ед. в полосах частот 3,5…7,0 ГГц, 10,8…14,2 ГГц,  
а значения коэффициента поглощения микроволнового электромагнитного излучения поглотителей, содержащих 
порошкообразный активированный кокосовый уголь, изменяются в указанных пределах в полосах частот  
5,0…7,5 ГГц, 10,2…17,0 ГГц. Значения коэффициента ослабления рентгеновского излучения, обеспечиваемого 
поглотителями, изготовленными в соответствии с разработанной технологией, изменяются в пределах  
от 2,0 до 8,7 отн. ед. Данные поглотители могут быть использованы для покрытия стен помещений, где 
располагаются рентгеновские аппараты. При этом обеспечивается снижение степени влияния на эти аппараты  
и подключенные к ним средства вычислительной техники микроволнового электромагнитного излучения  
от внешних источников, а также снижение степени влияния рентгеновского излучения, генерируемого данными 
аппаратами, на приборы электронной техники и людей, которые находятся за пределами указанных помещений. 
 
Ключевые слова: коэффициент поглощения; порошкообразный активированный уголь; микроволновое 
электромагнитное излучение; рентгеновское электромагнитное излучение; сульфат бария. 
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1. Introduction 
 

Modern multifunctional materials that provide 
microwave electromagnetic radiation energy 
attenuation are characterized by the following 
properties: 1) thermal insulation [1–4]; 2) thermal 
conductivity [5, 6]; 3) sound insulation [3, 7]; 4) fire 
resistance [8, 9]; 5) optical transparency [3, 10]; 
6) controllability of the electromagnetic radiation 
absorption coefficient (ERAC) value during absorber 
use [11]; 7) self-cleaning [1]; 8) self-healing [12]. 

Research interest in the development of 
multifunctional microwave electromagnetic radiation 
absorbers is increasing every year. This statement is 
based on information about the dynamics of changes 
in the share of scientific publications devoted to these 
absorbers from the number of scientific publications 
devoted to microwave electromagnetic radiation 
absorbers in general (Fig. 1). 

We made the contribution to the research field 
devoted to the development of multifunctional 

microwave electromagnetic radiation absorbers based 
on porous carbon-containing materials. This 
contribution consists in conducting the research 
aimed at the development and experimental 
validation of microwave and X-ray electromagnetic 
radiation absorbers. These absorbers were proposed 
and developed given the research results presented in 
[13, 14]. In particular, paper [13] presents composite 
building materials based on powdered charcoal and 
gypsum. It was shown that these materials provide 
10.0–1000.0 times reduction of microwave 
electromagnetic radiation power. In [14] composite 
coatings based on powdered barium sulfate 
and sodium silicate aqueous alkaline solution were 
presented. It is shown that if the thickness of such 
coatings is 0.2 cm, then they are characterized by 
values of the X-ray attenuation coefficient of  
2.0–8.7 rel. units (if X-ray electromagnetic radiation 
voltage values vary from 50.0 to 150.0 kV). 

 

 
 

Fig. 1. Dynamics of changes in the share of scientific publications on multifunctional microwave electromagnetic radiation 
absorbers from the total number of those on microwave electromagnetic radiation absorbers  
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The urgency of the development of the indicated 
absorbers is due to the need to simultaneously solve 
two problems related to improving the conditions 
for the operation of X-ray machines: 1)  reducing the 
impact of microwave electromagnetic radiation from 
external sources on X-ray machines, as well as 
computer equipment connected to them; 2)  reducing 
the impact of radiation generated by X-ray machines 
on electronic devices and people who are outside the 
rooms where these devices are installed. 

Thus, in this article, we developed and studied 
three-layer multifunctional composite absorbers of 
microwave and X-ray electromagnetic radiation. To 
achieve the set goal, the microwave electromagnetic 
radiation reflection coefficient (ERRC) and 
electromagnetic radiation transmission coefficient 
(ERTC) values of the made samples were measured; 
microwave ERAC values of the made samples were 
calculated; an analysis of the patterns of changes in 
the values of microwave ERAC of the made samples 
was carried out depending on the type of powdered 
activated charcoal that was used during their making. 

 
2. Materials and Methods 

 

2.1. Absorber production technology 
 

The proposed absorbers were developed using 
the technology, comprising the following stages: 

1. Cutting the (50.0 ± 5.0) microns thick foiled 
polymer film (KOTAR Ltd., Poland) into the 
fragments. Geometrical shape and size of the 
fragments should be relevant to the geometrical shape 
and size of the made absorber. 

2. Cutting (0.2 ± 0.05) cm thick cellulose sheets 
(Spektr upakovki” factory, Belarus) into fragments.  

Geometrical shape and size of the fragments should 
relevant to the geometrical shape and size of the 
made absorber. 

3. Preparing the mixture with following 
composition: powdered activated birch or coconut 
charcoal (trade mark BAU-A, standard 6217-74, 
Russia) or trade mark KAU-A (India), respectively – 
20.0 vol. %, building gypsum (OJSC “BELGIPS”, 
Belarus) – 30.0 vol. %, water – the rest. 

4. Applying the (0.5 ± 0.1) cm thick layer of the 
mixture prepared during stage 3 to the one of the 
surfaces of the fragment of foiled polymer film cut 
during stage 4. 

5. Preparing the mixture with the following 
composition: barium sulfate (OJSC “Chemical Plant 
named after L.Ya. Karpov”, Russia) – 30.0 vol. %, 
sodium silicate aqueous alkaline solution (JSC 
“DEKART”, Belarus) – the rest. 

6. Applying the (0.2 ± 0.05) cm thick layer of 
mixture prepared during stage 5 to the one of the 
surfaces of the cellulose sheet fragment obtained 
during stage 2. 

7. Fixing the cellulose sheet fragment with 
applied to it layer of mixture (stage 6) on the surface 
of the mixture applied during stage 4. 

7. Drying the resulting absorber under standard 
conditions. 

Thus, in this study, four groups of the samples 
were made in accordance with the presented 
technology. 

The characteristics of the made samples are 
presented in Table 1. Schematic images of the made 
samples are presented in Fig. 2. 

 
Table 1. Characteristics of the made samples 

 

Name  
of the samples group 

Composition  
of the sample first layer 

Composition  
of the sample second layer 

Composition  
of the sample third layer 

Samples of group 1 Mixture of powdered 
activated birch charcoal, 
building gypsum and water 

Foiled polymer film No 

Samples of group 2 Mixture of barium sulfate 
and sodium silicate aqueous 
alkaline solution 

Mixture of powdered 
activated birch charcoal, 
building gypsum and water 

Foiled polymer film 

Samples of group 3 Mixture of powdered 
activated coconut charcoal, 
building gypsum and water 

Foiled polymer film No 

Samples of group 4 Mixture of barium sulfate 
and sodium silicate aqueous 
alkaline solution 

Mixture of powdered 
activated coconut charcoal, 
building gypsum and water 

Foiled polymer film 

 



 

Boiprav O.V., Bogush V.A., Grinchik N.N. 

Journal of Advanced Materials and Technologies. 2023. Vol. 8, No. 4

297

 
 

(a) 

 
 

(b) 
 

Fig. 2. Schematic images of the samples of groups 1 and 3 (а) 
and the samples of groups 2 and 4 (b): 

1 – foiled polymer film; 2 – layer based on the mixture  
of powdered activated charcoal, building gypsum and water;  
3 – cellulose sheet fragment; 4 – layer based on the mixture 

of barium sulfate and sodium silicate aqueous alkaline 
solution 

 
As can be seen from Table 1 and Fig. 2, the 

made samples of groups 1 and 3 were two-layer ones, 
and the made samples of groups 2 and 4 were three-
layer ones. Stages 1 and 3 of the proposed technology 
were used to make samples of groups 1 and 3, and 4. 
All stages of the proposed technology were used to 
make samples of groups 2 and 4. Samples of groups 1 
and 3 were made to assess the degree of impact of 
adding the layer based on barium sulfate and sodium 
silicate aqueous alkaline solution to the structure of 
absorbers based on powdered activated charcoal on 
the microwave electromagnetic radiation reflection, 
transmission and absorption characteristics of such 
absorbers.  

Ten samples of each group were made.  
The samples of each group were made in the 
specified quantity to create conditions for assessing 
the reproducibility of the results of implementing the 
presented technology (i.e., to assess the 
reproducibility of microwave ERRC, ERTC and 
ERAC characteristics of the absorbers made 
in accordance with the presented technology). 

2.2. Determination of microwave ERRC, ERTC  
and X-ray attenuation coefficient 

 

The microwave ERRC and ERTC of the made 
samples were studied using the measuring system 
including panoramic meter of electromagnetic 
radiation reflection and transmission coefficients 
SNA 0.01–18 (manufactured by Belarusian State 
University of Informatics and Radioelectronics), two 
horn antennas P6-23M, personal computer with 
special software for the measuring process 
management. The description of the method used in 
the course of the research was presented in [15].  
The ERACs of the samples were calculated through 
the ERRC and ERTC. The calculation algorithm was 
described in detail in [15]. 

These measurements and calculations were 
carried out in the frequency range 2.0–17.0 GHz. 
This range was chosen because [16, 17]: frequencies 
of unwanted emissions of many modern radio-
electronic devices belong to the specified 
range; modern devices for transmitting signals over 
wireless media operate in the specified range. 

The X-ray attenuation coefficient of the made 
samples was studied using the measuring system 
including the X-ray calibration installation UPR-
AT300 (“ATOMTECH” OJSC “MNIPI”, Belarus), 
the precision dosimeter DKS-AT5350 
(“ATOMTECH” OJSC “MNIPI”, Belarus), the 
ionization chamber TM23361 (PTW Freiburg, 
Germany). The research methodology was described 
in detail in [14]. 

 
3. Results and Discussion 

 

The ERAC frequency dependences in the range 
of 2.0–17.0 GHz for samples of groups 1 and 2 are 
presented in Fig. 3. 

 

 
 

Fig. 3. ERAC frequency dependences in the range of 2.0–17.0 GHz of group 1 samples (curve 1) and group 2 samples (curve 2) 
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As can be seen from Fig. 3, the ERAC values in 
the frequency range 2.0–17.0 GHz for samples of 
groups 1 and 2 vary from 0.05 rel. units up to  
0.92 rel. units These samples are essentially 
frequency-selective microwave absorbers in the 
frequency range 2.0–17.0 GHz. Effective absorption 
band of samples of group 1 is 3.5–17.0 GHz. 
Effective absorption bands of samples of group 2 are 
3.5–7.0 GHz, 10.8–14.2 GHz. That is, samples of 
group 1 are broadband microwave absorbers in the 
frequency range 2.0–17.0 GHz, and samples of group 2 
are multiband microwave absorbers in the specified 
frequency range. ERAC values in the frequency 
bands 7.0–10.8 GHz and 14.2–17.0 GHz for samples 
of group 2 are lower by 0.1–0.55 rel. units than 
ERAC values in the indicated frequency bands of 
samples of group 1. This feature is due to the 
following: 

–  the ERRC values in the specified frequency 
bands of group 2 samples were higher by 2.0–8.0 dB 
than those of group 1samples (see Fig. 4); 

–  the ERTC values in the specified frequency 
bands of groups 1 and 2 samples were practically 
equivalent (from –15.0 to –35.0 dB), which is due to 
the fact that this parameter value of the listed groups 
samples was influenced to the greatest extent by the 
foiled polymer film included in their structure. 

The ERAC values in the frequency band 10.8–
14.2 GHz for samples of group 2 were higher by 
0.15–0.22 rel. units than the ERAC values in the 
specified frequency band of group 1samples. This is 
due to the fact that the ERRC values in the specified 
frequency band of group 2 samples were lower by 
1.0–7.0 dB than those of group 1 samples (see Fig. 4), 
provided that the ERTC values in the specified 
frequency band of these samples were almost 
completely equivalent. 

The ERAC frequency dependences in the 
frequency range 2.0–17.0 GHz of groups 3 and 4 
samples are presented in Fig. 5. 

It is seen from Fig. 5 that the ERAC values in 
the frequency range 2.0–17.0 GHz for groups 3 and 4 
samples vary from 0.1 rel. units up to 0.95 rel. units.  

 

 
 

Fig. 4. ERRC frequency dependences in the range of 2.0–17.0 GHz of group 1 samples (curve 1) and group 2 samples (curve 2) 
 

 
 

Fig. 5. ERAC frequency dependences in the range of 2.0–17.0 GHz of group 3 samples (curve 1) and group 4 samples (curve 2) 
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Fig. 6. ERRC frequency dependences in the range of 2.0–17.0 GHz  of group 3 samples (curve 1) and group 4 samples 
(curve 2) 

 
Effective absorption bands of group 3 samples are 
2.0–3.0 GHz, 7.0–17.0 GHz. Effective absorption 
bands of group 4 samples are 5.0–7.5 GHz,  
10.2–17.0 GHz. Groups 3 and 4 samples, like group 2 
samples, are multiband microwave absorbers 
in the range of 2.0–17.0 GHz. The ERAC values in 
the frequency bands 2.0–3.0 GHz and 7.5–10.2 GHz 
for group 4 samples of are lower by 0.1–0.4 rel. units 
than the ERAC values in the specified frequency 
bands of group 3 samples. This is due to the fact that 
the ERRC values in the specified frequency bands of 
group 4samples are higher by 1.0–5.0 dB than the 
ERRC values in the specified frequency bands of 
group 3 samples (see Fig.  6), provided that the 
ERTC values in the specified frequency bands of 
these samples are almost completely equivalent.  
The ERAC values in the frequency bands  
3.0–7.5 GHz and 15.0–16.5 GHz of samples of  
group 4 are higher by 0.1–0.55 rel. units than the 
ERAC values in the specified frequency bands of 
group 3 samples. This is due to the fact that the 
ERRC values in the specified frequency bands of 
group 4 samples are lower by 1.0–10.0 dB than the 
ERRC values in the specified frequency bands of 
group 3 samples (see Fig. 6), provided that the ERTC 
values in the specified frequency bands of these 
samples are almost completely equivalent. 

The higher ERRC values of group 2 samples 
compared to those of group 1 samples in the 
frequency bands 7.0–10.8 GHz and 14.2–17.0 GHz 
and the higher ERRC values of group 4 samples 
compared to those of group 3 samples in frequency 
bands 2.0–3.0 GHz and 7.5–10.2 GHz are due to the 
following features of electromagnetic waves 
interaction with these samples: 

1)  electromagnetic waves reflected from the 
surfaces of the sample layers interact with each other; 

2)  the ERRC values of the samples depend on 
the value of energy of electromagnetic waves 
resulting from the interaction of electromagnetic 
waves reflected from the samples layers surfaces  
(if this energy is higher, electromagnetic radiation 
reflection coefficient values are higher; if this energy 
is lower, electromagnetic radiation reflection 
coefficient values are lower); 

3)  in the above frequency bands, the difference 
between the phases of electromagnetic waves 
reflected from the surfaces of the layers of groups 2 
and 4 samples is smaller than the difference between 
the phases of electromagnetic waves reflected from 
the layer surface of groups 1 and 3 samples. 

The lower ERRC values in the frequency band 
10.8–14.2 GHz of group 2 samples compared to those 
of group 1samples, and the lower ERRC values in the 
frequency bands 3.0–7.5 GHz and 15.0–16.5 GHz of 
group 4 samples compared to group 3 samples is due 
to features 1 and 2 described above, as well as the 
following feature: 

– in the listed frequency bands, the difference 
between the phases of electromagnetic waves 
reflected from the layer surfaces of groups 2 and 4 
samples is greater than the difference between the 
phases of electromagnetic waves reflected from the 
layer surface of groups 1 and 3 samples. 

Table 2 presents the results of the study of X-ray 
attenuation coefficient of the made samples. 

The proposed electromagnetic radiation 
absorbers are characterized by the ERAC values (A) 
and the width of the effective absorption band (Δf) 
similar to the ERAC values and the width of the 
effective absorption band of the analogs (microwave 
absorbers based on porous carbon-containing 
materials [18–23]) (see Table 3). 

1

2
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Table 2. Results of study of X-ray attenuation coefficient of the made samples 
 

Average X-ray energy, keV 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0 80.0 

X-ray attenuation 
coefficient, rel. units 8.7 6.5 5.0 4.0 3.5 3.0 2.8 2.5 2.2 2.0 

 
Table 3. Characteristics of microwave absorbers based on porous carbon-containing materials 

 

Absorber name d*, cm A, rel. units Δf, GHz fс**, GHz 

Proposed absorbers containing powdered 
birch charcoal 0.9 0.5–0.92 3.5; 

3.4 
5.2; 
12.5 

Proposed absorbers containing powdered 
coconut charcoal 0.9 0.5–0.95 2.5; 

6.8 
6.2; 
13.6 

Absorbers based on porous carbon and 
carbon nanotubes [18] 0.5 ~ 0.9*** 1.5 15.5 

Absorbers based on carbon obtained from 
wood [19] 0.5 0.5–0.9*** 6.0 9.0 

Absorbers based on porous carbon obtained 
from biomass [20] 0.5 0.7–0.9*** 4.0 6.0 

Absorbers based on carbon hollow 
microspheres with a designed mesoporous 
shell [21] 

0.4 ≥ 0.9 4.8 8.2 

Absorbers based on three-dimensional 
carbon foams obtained from fish skin [22] 0.3 0.5–0.9*** 8.6 13.6 

Absorbers based on nanoporous carbon 
obtained from walnut shells [23] 0.2 ~ 0.9*** 1.8 8.9 

* d – absorber thickness value. 
** fс – value of the central frequency in the effective absorption band. 
*** The values were estimated based on the energy losses of electromagnetic radiation due to its reflection. 

 
In contrast to the analogs [18–23], the proposed 

absorbers provide the absorption of X-ray 
electromagnetic radiation energy along with the 
absorption of microwave electromagnetic radiation 
energy since their structure includes the composite 
coating based on barium sulfate and sodium silicate 
aqueous alkaline solution, which, as shown in [15], is 
characterized by the X-ray attenuation coefficient 
values of 2.0–8.7 rel. units (see Table 2). In addition, 
unlike carbon-containing absorbers [18–23], the 
proposed absorbers are multiband ones. 

Thus, the main results for the experimental 
verification of the proposed absorbers are as follows. 

1. Adding a (0.2 ± 0.05) cm thick layer based on 
the mixture of powdered barium sulfate and sodium 

silicate aqueous alkaline solution to the structure of 
microwave absorbers based on powdered activated 
birch charcoal, gypsum and water leads to: 

– a decrease by 0.1–0.55 rel. units in the ERAC 
values in the frequency bands 7.0–10.8 GHz and 
14.2–17.0 GHz of the indicated absorbers, which is 
due to an increase by 2.0–8.0 dB of their ERRC 
values in the specified frequency bands provided that 
their ERTC values almost do not change. 

– an increase by 0.15–0.22 rel. units of the 
ERAC values in the frequency band 10.8–14.2 GHz 
of the indicated absorbers, which is due to a decrease 
by 1.0–7.0 dB of their ERRC values in the specified 
frequency band, provided that their ERTC values 
almost do not change. 
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2. Adding a (0.2 ± 0.05) cm thick layer based on 
the mixture of powdered barium sulfate and sodium 
silicate aqueous alkaline solution to the structure of 
microwave absorbers based on powdered activated 
coconut charcoal, gypsum and water leads to: 

– a decrease by 0.1–0.4 rel. units of ERAC 
values in the frequency bands 2.0–3.0 GHz and 7.5–
10.2 GHz of the indicated absorbers, which is due to 
an increase by 1.0–5.0 dB of their ERRC values in 
the specified frequency bands provided that their 
ERTC values almost do not change; 

– an increase by 0.1–0.55 rel. units of ERAC 
values in the frequency bands 3.0–7.5 GHz and 15.0–
16.5 GHz of the indicated absorbers, which is due to 
a decrease by 1.0–10.0 dB of their ERRC values in 
the specified frequency bands provided that their 
ERTC values almost do not change. 

3. Effective absorption bands of the proposed 
absorbers containing powdered activated birch 
charcoal are 3.5–7.0 GHz and 10.8–14.2 GHz. 
Effective absorption bands of the absorbers 
containing powdered activated coconut charcoal are 
5.0–7.5 GHz and 10.2–17.0 GHz. The average values 
of the ERACs in the effective absorption bands of the 
first of these absorbers are practically equivalent.  
The average value of ERAC in the band 5.0–7.5 GHz 
of the second of these absorbers is higher on  
0.2 rel. units than their average value of ERAC 
in the band 10.2–17.0 GHz. 

Based on the presented features, we can 
conclude that proposed absorbers containing 
powdered activated birch charcoal are advisable to 
use in cases where the frequency value of 
electromagnetic radiation, the energy of which must 
be attenuated to a greater extent due to its absorption 
than due to reflection, belongs to the S-band. 
Proposed absorbers containing powdered activated 
coconut charcoal are advisable to use in cases where 
the frequency value of electromagnetic radiation, the 
energy of which must be attenuated to a greater 
extent due to its absorption than due to reflection, 
belongs to the Ku-band. 
 

4. Conclusion 
 

The results of the experimental verification of 
the proposed absorbers are positive. They are 
multifunctional multiband ones in the frequency 
range of 2.0–17.0 GHz. They provide absorption of 
X-ray electromagnetic radiation along with 
absorption of electromagnetic radiation energy in the 
specified frequency range. These absorbers can be 

used to cover the walls of premises where X-ray 
machines are located. At the same time, these 
absorbers must be fixed in such a way that their 
layers based on foiled polymer film are adjacent to 
the premises wall. This will ensure: i) reflection of 
microwave electromagnetic radiation emitted by 
external sources (i.e. from sources located outside the 
specified premises), thus reducing the impact of this 
radiation on X-ray machines, as well as computer 
equipment connected to them; ii) absorption of X-ray 
electromagnetic radiation generated by X-ray 
machines, thus reducing the impact of this radiation 
on electronic devices and on people who are outside 
the specified premises; iii) absorption in a wide 
frequency band of microwave electromagnetic 
radiation emitted by computer equipment connected 
to X-ray machines, thus reducing the level of passive 
electromagnetic interference in the specified 
premises. 

Based on the presented results, a patent 
application has been filed for methods for making 
microwave and X-ray electromagnetic radiation 
absorbers [24]. 
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