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Abstract. The article presents the results of the development of the technology 

for manufacturing flexible microwave absorbers, the fillers of which are powdered activated 

coconut charcoal and moisture-containing ceramsite, and the matrix for these materials' 

particles holding is polyurethane mastic. The results of the study of the regularities 

of the electromagnetic radiation interaction in the frequency range of 0.7-17.0 GHz 

with absorbers, manufactured according to the developed technology, depending on the size 

of the ceramsite particles contained in them, are presented. On the basis of these results, 

it was found that the studied absorbers, in comparison with absorbers, filled with moisture-

containing ceramsite, are characterized by lower values of the electromagnetic radiation 

reflection coefficient in the frequency range of 0.7-17.0 GHz, reaching a value of -20.0 dB. 

In this case, the values of their electromagnetic radiation transmission coefficient 

in the indicated frequency range reach the value of -43.0 dB. Microwave absorbers, 

manufactured according to the developed technology, are promising for use in order to solve 

problems related to ensuring the functional reliability of radio electronic equipment, as well as 

ensuring environmental safety and information security. 
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1. Introduction

Microwave absorbers are used to solve a number of technical problems associated

with the operation of radio electronic equipment. These tasks can be roughly divided into

three groups:

1) ensuring the functional reliability of radio electronic equipment [1,2];

2) ensuring environmental safety [3,4];

3) ensuring information security [5,6].

The solution to the problems of the first indicated group is aimed at radio electronic

equipment protection from accidental exposure to electromagnetic interference (including 

ensuring the electromagnetic compatibility of radio electronic equipment). The solution 

is based on the use of the following products, made with microwave absorbers: 

- covers for radio-electronic equipment housings;

- partitions for zonal division of space in the rooms, where radio electronic equipment is

located; 

- panels for cladding the walls of rooms, where radio electronic equipment is located.

The solution to the problems of the second indicated group is aimed at reducing the

degree of  electromagnetic radiation's influence on a person. The solution is based on the use 

of workwear or panels, made with microwave absorbers for cladding the walls of rooms, 

where people work. 

The solution to the problems of the third indicated group is aimed to: 

- information protection from leakage via the channel of spurious electromagnetic

radiation and pickups; 

- protection of information processing devices from deliberate electromagnetic

interference; 

- protection objects from detection by radar reconnaissance.

The solution is based on the use of the following products, made with microwave

absorbers: 

- cases for information processing devices;

- partitions for zonal division of space in rooms, where information processing devices

are located; 

- panels for cladding the walls of rooms, where information processing devices are

located; 

- camouflage coatings for the hulls of the objects, that may be targets of radar

reconnaissance. 

As a rule, the following requirements are imposed on the absorbers, which are currently 

used for the making of the listed products: 

1) flexibility [7];

2) wide operating frequency range [8];

3) low (≤ -5.0 dB) values of the electromagnetic radiation reflection coefficient;

4) low (≤ -20.0 dB) values of the electromagnetic radiation transmission coefficient [8,9].

The first of these requirements is due to the fact that the products, the use of which is

based on the solutions of the indicated technical problems, either characterized by a complex 

shape or intended to fixing on surfaces characterized by the presence of corners or kinks. 

The second of these requirements is due to the fact that the currently used radio electronic 

equipment (including information processing devices) is a source of electromagnetic radiation 

of a wide frequency range. The third and fourth of these requirements are due to the fact that 

high values of the electromagnetic radiation reflection coefficient of the listed products can 

cause passive electromagnetic interference. Such interference is formed due to the re-

reflection of electromagnetic radiation from radio electronic equipment. It may affect 

the functional reliability of such equipment. 
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In connection with the foregoing, it can be stated that studies aimed at improving the 

existing microwave absorbers in order to ensure their compliance with the requirements 

presented are relevant. 

The study, the results of which are presented in the article, was the development of the 

research work aimed at obtaining and improving microwave absorbers based on moisture-

containing ceramsite. The advantages of the moisture-containing ceramsite used for the 

manufacture of microwave absorbers, characterized by the wide operating frequency range, 

are presented in [10,11]. The main of these advantages lies in the low cost of the ceramsite. 

The indicated advantage makes it possible to manufacture on the base of ceramsite the 

microwave absorbers, characterized by the corresponding property (including flexible 

ones [12]). 

The aim of the study, the results of which are presented in the article, was 

to theoretically substantiate and experimentally confirm the technology for manufacturing 

microwave absorbers based on moisture-containing ceramsite, which are characterized by the 

flexibility property and lower values of the electromagnetic radiation reflection coefficient, in 

comparison with the absorbers, considered in [12]. In the course of the aim achieving, the 

following four scientific tasks have been solved: 

1) selection and justification of methods for developing the technology for

manufacturing microwave absorbers, that meet the requirement presented in the aim, and 

determining the procedure for the technology implementation; 

2) laboratory implementation of the technology, using various types of the ceramsite

(each type corresponds to a certain particle size of the ceramsite), as well as components, 

selected and justified as a result of the first task solving; 

3) study of the regularities of the electromagnetic radiation interaction with absorbers,

obtained as a result of the second scientific task solving, depending on the particle size of the 

ceramsite, contained in them; 

4) comparative analysis of the electromagnetic radiation reflection coefficient values

of the absorbers, obtained as a result of the second scientific task solving, with similar values, 

characterizing the absorbers presented in [12]. 

2. Materials and methods

In the course of solving the first scientific task, set to achieve the aim, a hypothesis has been

put forward. According to this task, in order to decrease the electromagnetic radiation

reflection coefficient values of the absorbers based on moisture-containing ceramsite, it is

advisable to modify the outer structure of such material particles by forming on their surfaces

the inhomogeneities. The size of these inhomogeneities should be comparable with the pore

diameter of these particles. The hypothesis was based on information about the phenomena

of microwave radiation propagation at the interfaces between media characterized by different

wave impedance [13-15]. One such phenomenon is radiation scattering on the geometric

inhomogeneities of these boundaries. The energy of radiation, scattered by the geometric

inhomogeneities of the interfaces between media, characterized by different wave impedance,

determines the energy of the radiation reflected from these boundaries: if the first one

is higher, the second one is lower (and, therefore, the lower the values the electromagnetic

radiation reflection coefficient, registered on the named boundaries) [15].

Forming of the inhomogeneities on the surfaces of materials (including powdered ones) 

can be implemented by using one of the following methods: 

1) doping [16,17];

2) selective metallization [18,19];

3) 3D printing [20-22];

4) agglomeration of the particles with binders on surfaces [22,23].
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For the formation of the inhomogeneities on the surfaces of the ceramsite particles, the 

fourth of the presented methods has been chosen. This is due to the fact, that it does not 

involve the use of special technological equipment. As a result, this method is characterized 

by the least time and financial costs for implementation. The particles of the powdered 

activated coconut charcoal have been selected for agglomeration with a binder on the 

ceramsite particles' surfaces. This choice was due to the following three reasons. 

1. Powdered activated charcoal is characterized by high porosity (~ 95%). Therefore,

it is characterized by high adhesion to binders [24]. 

2. The particle size of the powdered activated coconut charcoal is from 0.4 to 0.85 mm.

Such size is comparable to the pore size of the ceramsite particles. This is the condition for 

strong adhesion of the first ones to the surfaces of the second ones [25]. 

3. The cost of 1 kg of powdered activated coconut charcoal is comparable to the cost of

1 kg of ceramsite. Therefore, the use of powdered activated coconut charcoal to modify the 

outer structure of the ceramsite particles will slightly increase the cost of the microwave 

absorber, based on them [26]. 

The developed technology is based on the technology for manufacturing the absorbers, 

considered in [12]. The procedure of the developed technology implementation includes the 

following steps. 

Step 1. Solution preparation by mixing the sodium carboxymethyl cellulose aqueous 

solution with 20 % sodium chloride aqueous solution. The concentration of the sodium 

carboxymethyl cellulose aqueous solution, as well as the ratio, in which this solution should 

be mixed with 20 % sodium chloride aqueous solution, should be chosen such, that the 

dynamic viscosity of the solution, prepared from them, is 77.5 mPa∙s at an ambient 

temperature of 20±3°С. 

Step 2. Immersion wetting of the ceramsite particles, the size of which is at least 

10.0 mm, with the prepared solution at atmospheric pressure of 101.3 kPa and an ambient 

temperature of 20±3°C. 

Step 3. Preparation of the water-containing binder by mixing the sodium carboxymethyl 

cellulose aqueous solution with 40 % calcium chloride aqueous solution. The concentration 

of the sodium carboxymethyl cellulose aqueous solution, as well as the ratio, in which this 

solution is to be mixed with a 40 % calcium chloride aqueous solution, should be chosen 

such, that the dynamic viscosity of the water-containing binder, prepared from them, 

is 237.5 mPa∙s at the ambient temperature of 20±3°C. 

Step 4. Treatment of the ceramsite particles (step 2), with the prepared water-containing 

binder. 

Step 5. Agglomeration of the powdered activated coconut charcoal particles on the 

surfaces of the ceramsite particles (step 4), by uniform mechanical mixing of the first ones 

with the second ones. The indicated components ratio should be that to create conditions for 

agglomeration of all particles of the powdered activated coconut charcoal on the surfaces 

of the ceramsite particles. 

Step 6. Cutting two fragments from the fiberglass fabric, the shape and size of which 

are determined by the requirements for the shape, and size of the manufactured absorber. 

Step 7. Cutting one fragment from a roll of a foiled polymer film, the shape, and size of 

which are determined by the requirements for the shape and size of the manufactured 

absorber. 

Step 8. Fixing on the surface of one of the fiberglass fabric fragments (step 6) and the 

film fragment (step 7) using sprayed glue or double-sided adhesive tape. When fixing, the 

boundaries of the first of these fragments coincide with the boundaries of the second 

of specified fragments. 
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Step 9. Applying polyurethane mastic to the surface of the film fragment (step 7) with a 

layer of 6.0 mm thickness. 

Step 10. Uniform distribution of the ceramsite particles (step 5) over the surface of the 

polyurethane mastic layer (step 9) on the surface of the film fragment. 

Step 11. Applying polyurethane mastic to the surface of the second of the fiberglass 

fabric fragments, was obtained as a result of the step 6 implementation, with a layer of 

4.0 mm thickness. 

Step 12. Connecting the structure (steps 1-10) with the structure (step 11). When 

connecting, the first of these structures is oriented relative to the second one by the surface, on 

which the ceramsite particles are distributed. Also when connecting, the second of these 

structures is oriented relative to the first one by the surface, on which the polyurethane mastic 

is applied. 

Step 13. Keeping under pressure the structure (steps 1-12). 

As a result of solving the second scientific task, set to achieve the aim, according 

to the developed technology, two groups of microwave absorbers have been manufactured. 

Manufactured absorbers differed in the particle size of the ceramsite, included in their 

composition. Absorbers of group 1 included commercially produced ceramsite sand with a 

particle size of 1.0 to 2.0 mm. Absorbers of group 2 included ceramsite gravel with a particle 

size of 10.0 to 20.0 mm. Figure 1 shows the appearance of the particles of ceramsite sand and 

ceramsite gravel. 

a) b) 

Fig. 1. The appearance of the ceramsite sand particle (a) and ceramsite gravel particle (b) 

Also, in the course of solving the second scientific task, set to achieve the aim, was 

determined the following. All particles of powdered activated coconut charcoal, when 

uniformly mechanically mixed with the ceramsite particles, treated with the water-containing 

binder, agglomerate on the surfaces of these particles, if the mass ratio of the powdered 

activated coconut charcoal particles and the ceramsite particles, treated with the water-

containing binder, -7:10.  

Figure 2 shows the appearance of the ceramsite sand and ceramsite gravel particles, 

treated with the water-containing binder, on the surfaces of which the powdered activated 

coconut charcoal particles are agglomerated. 
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a) b) 

Fig. 2. The appearance of the ceramsite sand (a) and ceramsite gravel (b) particles,  

treated with the water-containing binder, on the surfaces of which the powdered activated 

coconut charcoal particles are agglomerated 

To solve the third scientific task, set to achieve the aim, measurements of the 

electromagnetic radiation reflection (S11) and transmission (S21) coefficient values of the 

manufactured absorbers were performed. In this case, a panoramic meter of reflection and 

transmission coefficients SNA 0.01-18 was used. The measurements were carried out in the 

frequency range of 0.7-17.0 GHz according to the technique, described in [27]. The choice of 

the frequency range for the measurements performing was due to the fact, that it corresponds 

to the most high-amplitude components of the electromagnetic radiation spectrum of modern 

radio electronic equipment [28]. 

Based on the measurement results, the frequency dependences of the electromagnetic 

radiation reflection and transmission coefficients of the manufactured absorbers have been 

plotted. 

3. Results and Discussion

Frequency dependences of the electromagnetic radiation reflection coefficient in the range

of 0.7-17.0 GHz of the absorbers, manufactured according to the developed technology, are

shown in Fig. 3.

It follows from Fig. 3, that the electromagnetic radiation reflection coefficient values 

in the frequency range of 0.7-3.0 GHz of absorbers of group 1 vary from -1.0 to -20.0 dB, 

and absorbers of group 2 – from -1.0 to -15.0 dB. In the frequency range of 3.0-17.0 GHz, 

the electromagnetic radiation reflection coefficient values of these absorbers vary accordingly 

within the following limits: from -1.0 to -15.0 dB and from -3.0 to -17.0 dB. At the same 

time, it should be noted, that the average value of the electromagnetic radiation reflection 

coefficient in the frequency range of 0.7-3.0 GHz for the absorbers of group 1 is -5.9 dB, and 

for the absorbers of group 2 is -7.2 dB. In the frequency range of 3.0-17.0 GHz, the indicated 

parameter values for the absorbers are practically equivalent and amount to -9.0 dB and 

-8.0 dB, respectively. Absorbers of group 1 are characterized by a higher average value of the

electromagnetic radiation reflection coefficient in the frequency range of 0.7-3.0 GHz, in

comparison with the absorbers of group 2 due to the following set of these absorbers features.
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a) b) 

Fig. 3. Frequency dependences of the electromagnetic radiation reflection coefficient 

in the range of 0.7-3.0 GHz (a) and 3.0-17.0 GHz (b) of the absorbers of group 1  

(curves 1) and the absorbers of group 2 (curves 2) 

1. The mass of the ceramsite particles, included in a unit volume of absorbers of

group 1, exceeds the mass of the ceramsite particles, included in a unit volume of absorbers of 

group 2. This is due to the fact, that the bulk density of the ceramsite particles, on the basis of 

which the absorbers of group 1 are made, is higher than the bulk density of the ceramsite 

particles, on the basis of which the absorbers of group 2 are made. 

2. In connection with the first indicated feature, absorbers of group 1 contain more

powdered activated coconut charcoal than absorbers of group 2. 

3. In connection with the second indicated feature, the electrical conductivity of

absorbers of group 1 is higher than the electrical conductivity of absorbers of group 2. 

The frequency bands, in which the electromagnetic radiation reflection coefficient 

values of the absorbers of group 1 are less than -5.0 dB are from 1.5 to 2.9 GHz and from 10.0 

to 17.0 GHz. Similar frequency bands specific to the absorbers of group 2 are from 1.0 

to 2.2 GHz, from 4.0 to 14.0 GHz, and from 15.0 to 17.0 GHz. Thus, electromagnetic 

radiation absorbers, manufactured according to the developed technology, are characterized 

by a wide operating frequency range. At the same time, it should be noted that the total 

bandwidth, in which the electromagnetic radiation reflection coefficient values of the 

absorbers of group 2 are less than -5.0 dB, exceeds the total width of the frequency bands, 

in which the electromagnetic radiation reflection coefficient values of the absorbers of group 

1 are less than -5.0 dB This may be due to the following set of these absorbers features. 

1. The ceramsite, on the basis of which the absorbers of group 2 are made, is

characterized by a wider granulometric composition, in comparison with ceramsite, on the 

basis of which the absorbers of group 1 are made. 

2. In connection with the first indicated feature, the number of wavelengths in the

frequency range of 0.7-17.0 GHz, comparable to the particle sizes, which are parts of the 

absorbers of group 2, exceeds the number of wavelengths in the specified frequency range, 

comparable to the particle sizes, which are part of the absorbers of group 1. 

The frequency dependences of the electromagnetic radiation transmission coefficient in 

the range of 0.7-17.0 GHz of the absorbers, manufactured according to the developed 

technology, are shown in Fig. 4. 
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a) b) 

Fig. 4. Frequency dependences of the electromagnetic radiation transmission coefficient 

in the range of 0.7-3.0 GHz (a) and 3.0-17.0 GHz (b) of the absorbers of group 1  

(curves 1) and the absorbers of group 2 (curves 2) 

It follows from Fig. 4, that the electromagnetic radiation transmission coefficient values 

in the frequency range of 0.7-17.0 GHz of the absorbers of group 1 vary from -20.0 to -43.0 dB 

and are practically equivalent to the similar parameter values, characterizing the absorbers 

of group 2. This is due to the fact, that the foiled polymer film, which is part of the studied 

absorbers, makes a greater contribution to the electromagnetic radiation energy weakening, 

provided by them, than particles of the ceramsite, treated by the water-containing binder, and 

powdered activated coconut charcoal. 

In the course of solving the fourth scientific task, set to achieve the aim, it was found 

that the electromagnetic radiation reflection coefficient values in the frequency range 

of 0.7-17.0 GHz of the absorbers, manufactured according to the developed technology, 

are lower on average 5.0 dB, than the similar parameter values, characterizing the absorbers 

presented in [12]. 

4 .Conclusion 

Thus, microwave absorbers, manufactured according to the developed technology, 

are characterized by: 

- the flexibility property (due to the fact that, according to the developed technology,

the matrix for holding the ceramsite particles with powdered activated coconut charcoal 

particles, agglomerated on their surface, is made on the basis of polyurethane mastic); 

- the wide operating frequency range (due to the fact that the composition

of the absorbers, manufactured according to the developed technology, includes particles, 

whose sizes are comparable to a large number of microwave wavelengths); 

- the electromagnetic radiation reflection and transmission coefficients values in the

frequency range of 0.7-17.0 GHz, reaching values of -20.0 dB and -43.0 dB, respectively (due 

to the fact, that absorbers, manufactured according to the developed technology, include 

the particles, that provide the scattering of the electromagnetic radiation of the specified 

frequency range, and also includes a foiled polymer film); 

- lower values of the electromagnetic radiation reflection coefficient in the frequency

range of 0.7-17.0 GHz, in comparison with absorbers, considered in [12] (due to the fact that 

on the surface of the ceramsite particles, which are the part of the absorbers, manufactured 

according to the developed technology, the powdered activated coconut charcoal particles 

are agglomerated and provide additional scattering of electromagnetic radiation, interacting 

with such absorbers). 
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In connection with the foregoing, we can conclude, that the aim of the study, the results 

of which are presented in the article, has been achieved, and the hypothesis put forward 

in the course of solving the first scientific task, set to achieve the aim, has been confirmed.  

Microwave absorbers, manufactured according to the developed technology, seem 

promising for use in order to ensure the functional reliability of radio electronic equipment, 

as well as to ensure environmental safety and information security. At the same time, 

on the basis of these absorbers, it is most expedient to manufacture the following products, 

respectively:  

- partitions for zonal division of space in the rooms, where radio electronic equipment

is located; 

- panels for cladding the walls of the rooms, where people work;

- modules, designed to be fixed or placed on the hulls of the objects, that may be targets

of radar reconnaissance. 
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