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Abstract. The article introduces the technique for manufacturing flexible electromagnetic shields based on resis­
tive materials (powdered charcoals and sheet foil), as well as the results of experimental justification of the use 
prospects of this technique in the development of new functional materials. This justification consisted of: 1) manu­
facturing of the experimental samples in accordance with the presented technique; 2) carrying out the measu­
rements of the electromagnetic radiation reflection and transmission coefficient values in the frequency range 
of 0.7–17.0 GHz of the manufactured experimental samples. It was discovered that flexible electromagnetic shields 
based on the powdered charcoals manufactured in accordance with the presented technique are characterized by the 
electromagnetic radiation reflection coefficient values in the frequency range of 0.7–17.0 GHz, reaching –10.0 dB, 
when electromagnetic radiation reflection coefficient values reach –20.0 dB . Due to this fact it is possible to recom­
mend to use them in order to ensure electromagnetic compatibility of radioelectronic equipment and to protect 
people from exposure to radiation, emitted by such equipment, as well as to hide ground objects from detection 
in the radar wavelength range.
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Аннотация. В статье представлены технология изготовления гибких электромагнитных экранов на основе 
резистивных материалов (порошкообразного угля и листовой фольги), а также результаты эксперимен­
тального обоснования перспектив использования этой технологии при разработке новых функциональных 
материалов. Это обоснование заключалось в следующем: 1) изготовление экспериментальных образцов 
согласно представленной технологии; 2) проведение измерений значений коэффициентов отражения и пе­
редачи электромагнитного излучения в диапазоне частот 0,7–17,0 ГГц изготовленных эксперименталь­
ных образцов. Установлено, что гибкие электромагнитные экраны на основе порошкообразных древесных 
углей, изготовленные согласно представленной технологии, характеризуются значениями коэффициента 
отражения электромагнитного излучения в диапазоне частот 0,7–17,0 ГГц, достигающими –10,0 дБ, при 
значениях коэффициента отражения электромагнитного излучения –20,0 дБ. В связи с этим можно реко­
мендовать использование таких экранов для обеспечения электромагнитной совместимости радиоэлек­
тронных средств и защиты людей от воздействия излучения, генерируемого такими средствами, а также 
для скрытия наземных объектов от обнаружения в радиолокационном диапазоне длин волн.
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Introduction

Nowadays electromagnetic shields are used to solve the following tasks:
1) hiding objects from detection in the radar wavelength range;
2) ensuring electromagnetic compatibility of radio­electronic equipment;
3) protection of people from exposure to radiation from radioelectronic equipment.
Electromagnetic shields are made on the basis of magnetic and / or resistive materials (that is, 

materials characterized by high values of magnetic permeability and / or electrical conductivity) [1]. 
Electromagnetic shields based on magnetic materials are narrow­band. This means that they provide 
absorption of the energy of electromagnetic radiation in a narrow band of radio frequency range 
(the difference between the boundary values of this band is 0.5–1.0 GHz) as shown in papers [2–4]. Due 
to the fact that electromagnetic shields based on magnetic materials are narrow­band, they are suitable, 
as a rule, to solve of the third task presented above.

Electromagnetic shields based on resistive materials are wide­band compared to radio absorbers 
based on magnetic materials, which is confirmed by the results of studies presented in the papers [5–7]. 
That’s why they are suitable to solve all tasks presented above. In this regard, the objects of the current 
research are electromagnetic shields based on resistive materials. The main problems currently being 
solved in the field of electromagnetic shields improvement are:

– reducing the time spent on the manufacture of radioabsorbers (or increasing the radioabsorbers 
manufacturability);

– reducing the cost of radioabsorbers based on resistive materials.
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The first of the presented problems is due to the fact that most modern electromagnetic shields 
based on resistive materials are polymer composites obtained by distributing carbon materials (carbon 
black, carbon nanotubes, carbon fibers or nanofibers, graphene, graphene oxide) in the bulk of a liquid­
phase polymer matrix with further molding and drying under standard or specially designed conditions 
of the resulting material [8]. The second of the presented problems is due to the high cost of carbon 
materials listed above. In addition, both of the presented problems are due to the fact that the process 
of manufacturing of electromagnetic shields based on resistive materials is accompanied by the need to use 
a wetting agent to improve the adhesion of the binder to filler (i. e. resistive material (­s)) particles [9–11].

To solve the above problems in the field of improvement of electromagnetic shields based on 
resistive materials, nowadays powdered charcoals are proposed for their manufacture [12–14]. The aim 
of the current work was to develop and experimentally justify new high­manufacturability technique 
of charcoal­based electromagnetic shields obtaining.

The following tasks have been solved to achieve the aim:
1) the developed technique has been described;
2) the experimental samples have been made according to the developed technique;
3) the measurements of the electromagnetic radiation reflection and transmission coefficients 

values of the manufactured experimental samples have been carried out in the frequency range  
0.7–17.0 GHz;

4) the regularities of changes of the electromagnetic radiation reflection and transmission coefficients 
values in the frequency range 0.7–17.0 GHz of the manufactured experimental samples have been 
established and substantiated, depending on the type of charcoal contained in their composition;

5) the recommendations for the practical application of radioabsorbers manufactured in accordance 
with the developed technique have been proposed.

Materials and methods

The developed technique for radioabsorbers obtaining on the base of the listed resistive materials 
includes the following stages:

– preparation of rectangular canvases of polyurethane foam (Fig. 1) – the size and shape of such 
canvases should correspond to the requirements to the developed radioabsorbers;

– preparation of rectangular canvases from the mesh made of polyethylene (Fig. 1) – the size and shape 
of such canvases should correspond to the requirements to the developed radioabsorbers;

– preparation of rectangular canvases from the polyethylene film with a thickness of 10 microns – the 
size and shape of such canvases should correspond to the requirements to the developed radioabsorbers; 

– arrangement the canvas based on a polyethylene mesh on top of the canvas based on polyurethane 
foam (Fig. 1, a);

– obtaining powdered charcoal: grinding pieces of charcoal to powder with a particle size of up 
to 200 μm;

– preparation of alkaline earth chlorides aqueous solutions at equilibrium concentration;
– mixing the obtained powdered charcoal with the prepared aqueous solutions in a volumetric ratio 

of 2:1 (Fig. 1, b);
– application of the resulting mixture with a layer of (3.0 ± 1.0) mm thick on the surface of canvases 

based on polyurethane foam and polyethylene mesh;
– arrangement of the canvas based on a polyethylene mesh over the applied mixture;

Fig. 1. Illustrations of the results of the developed technique main stages implementation
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– arrangement of the canvas based on polyurethane foam on top of a polyethylene mesh cloth;
– sealing the resulting structure by placing it between rectangular canvases based on a polyethylene 

film with a thickness of 10 μm and further joining along the perimeter of these canvases using the 
soldering method (Fig. 1, c).

In comparison with analogs, the developed technique is characterized by such advantage as reduced 
time costs for implementation, which is due to the following features:

1) the absence of the stage associated with the creation of conditions for drying the binder, due to the 
fact that the retention of powdered charcoal particles in the volume of radioabsorbers manufactured in 
accordance with the developed technique is ensured not by the binder, but by the mesh and polyurethane 
foam (i.e. the use of binders is not provided within the framework of the manufacturing process 
of radioabsorbers in accordance with the developed technique);

2) the absence of the stage associated with the use of wetting agents.
In accordance with the developed technique, three groups of experimental samples of radio absorbers 

have been made, differing in the type of charcoal contained in their composition. Tabl. 1 provides 
information on these samples.

Measurements of the electromagnetic radiation reflection and transmission coefficients values of the 
manufactured samples have been performed in the frequency range 0.7–17.0 GHz using a scalar network 
analyzer. The measurements have been carried out in the specified frequency range due to the fact that 
most of the modern transmitting and receiving equipment operates in it, and also due to the fact that 
unwanted emissions of modern radioelectronic equipment are characterized by frequencies whose 
values belong to the specified range [15].

Results and discussion

Fig. 2 shows the frequency dependences of the electromagnetic radiation reflection coefficient in the 
range of 0.7–17.0 GHz of the manufactured samples.

Table 1. Information about the manufactured experimental samples

Name of the 
experimental 

samples group

Type of the charcoal, 
contained in the 

experimental samples
Thickness, mm Weight of 

1 m2, kg

Quality 
of the experimental 

samples in the group
Samples
of the group 1

Non­activated
wood charcoal

20 ± 1

1.5 ± 0.05

10Samples
of the group 2

Activated
wood charcoal

1.6 ± 0.05

Samples
of the group 3

Activated
coconut charcoal

1.65 ± 0.05

Fig. 2. Frequency dependences of the electromagnetic radiation reflection coefficient in the range  
of 0.7–2.0 GHz (a) and 2.0–17.0 GHz (b) of the manufactured samples: 1 – samples of the group 1; 

2 – samples of the group 2; 3 – samples of the group 3

a b

f, GHz f, GHz

S 1
1, 

dB

S 1
1, 

dB
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It follows from Fig. 2 that the lowest electromagnetic radiation reflection coefficient values   
in the frequency range 0.7–17.0 GHz are found in samples based on non­activated wood charcoal. These 
values range from –1.0 to –20.0 dB. Samples based on wood and coconut activated charcoals in the 
frequency range 0.7–2.0 GHz are characterized by the electromagnetic radiation reflection coefficient 
values ranging from –0.5 to –6.0 dB. In the frequency range 2.0–17.0 GHz, the values of the considered 
parameter for such samples, respectively, vary in the range from –2.0 to –15.0 dB and from –2.0 to –8.0 dB.

Lower values of the electromagnetic radiation reflection coefficient in the frequency range  
0.7–17.0 GHz of the samples based on non­activated wood charcoal compared to samples based 
on activated wood and coconut charcoals are due to the following features:

1) the value of the reflection loss of electromagnetic radiation, provided by the material, is directly 
proportional to the value of its specific electrical conductivity [15];

2) it was experimentally established that the value of the specific electrical conductivity of a mixture 
of unactivated wood charcoal and CaCl2 aqueous solution is 9 S/m and below the values of the specific 
electrical conductivity of the mixture of activated wood charcoal and CaCl2 aqueous solution (25 S/m) 
and the mixture of activated coconut charcoal and CaCl2 aqueous solution (75 S/m) [13].

Fig. 3 shows the frequency dependences of the electromagnetic radiation transmission coefficient 
in the range of 0.7–17.0 GHz of the manufactured samples.

It follows from Fig. 3 that the electromagnetic radiation transmission coefficient coefficient values 
in the frequency range 0.7–17.0 GHz of the manufactured samples vary within the following limits:

1) from –10.0 to –15.0 dB – for the samples based on non­activated wood charcoal;
2) from –20.0 to –25.0 dB – for the samples based on activated wood charcoal;
3) from –25.0 to –35.0 dB – for the samples based on activated coconut charcoal.
Experimental samples based on activated coconut charcoal are characterized by lower values of the 

electromagnetic radiation transmission coefficient in comparison with other experimental samples due 
to the fact that a mixture of activated coconut charcoal and CaCl2 aqueous solution is characterized, 
as indicated above, by high values of the specific electrical conductivity compared to the mixture of non­
activated wood charcoal and CaCl2 aqueous solution and to the mixture of activated wood charcoal 
and CaCl2 aqueous solution. 

Conclusion
Based on the results of studying the samples of electromagnetic shields manufactured in accordance 

with the developed technique, the following conclusions can be drawn.
1. Electromagnetic shields based on activated coconut charcoal seem to be promising for use 

in the manufacture of partitions intended for placement between units of radioelectronic equipment, 
as well as workwear for people serving radio electronic equipment, which is a source of high­
intensity electromagnetic radiation. This recommendation is due to the fact that these shields are 
characterized by low values of the electromagnetic radiation transmission coefficient (up to –40.0 dB)  
in the frequency range 0.7–17.0 GHz.

Fig. 3. Frequency dependences of the electromagnetic radiation transmission coefficient  
in the range of 0.7–2.0 GHz (a) and 2.0–17.0 GHz (b) of the manufactured samples: 1 – samples of the group 1; 

2 – samples of the group 2; 3 – samples of the group 3

a b

S 1
1, 

dB S 1
1, 

dB
f, GHz f, GHz
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2. Electromagnetic shields based on wood charcoal (non­activated and activated) are promising 
for use in the manufacture of structures designed to hide ground objects from detection in the radar 
wavelength range. This recommendation is due to the fact that these shields are characterized 
by low values of the electromagnetic radiation reflection coefficient (from –10.0 till –20.0 dB)  
in the X­frequency range. 
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