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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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TEXHOJIOT WA U3T'OTOBJIEHUA THBKUX SJIEKTPOMATI'HUTHBIX 9KPAHOB
HA OCHOBE PE3UCTHUBHbBIX MATEPHUAJIOB
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Tocmynuna 6 pedaxyuro 28.09.2022

AHHOTauus1. B crarbe npencTaBaeHbl TEXHOJIOTHS U3TOTOBIICHUSI THOKUX AJIEKTPOMArHUTHBIX YKPAHOB HA OCHOBE
PE3UCTHBHBIX MaTEePHaJIOB (ITOPOIIKOOOPA3HOTO YINIA M JUCTOBOH (DONBIU), a TaKKE Pe3yabTaThl HKCIICPHMECH-
TaJBHOTO 00OCHOBAHUS MEPCIICKTUB UCIIOIB30BAHUS ATOM TEXHOJIOTHUH MPH Pa3pabOTKe HOBBIX (DYHKIIMOHAIBHBIX
MaTepuangoB. DT0 000CHOBAHME 3aKTIOUATIOCh B CIEAyIONmEeM: 1) M3roTOBIEHUE IKCTIEPUMEHTATBHBIX 00pa3IoB
COTJIACHO TIPEJICTABICHHONW TEXHOIOTHH; 2) MMPOBEICHUE N3MEPEHUH 3HaYeHUH K03(D(DUITMCHTOB OTpaskeHUS U TIe-
penayu 3JIEeKTPOMAarHUTHOTO M3ilydeHus B auanazoHe 4yactoT 0,7-17,0 I'Tu M3roToBIEHHBIX SKCIEPUMEHTANb-
HBIX 00pa3IoB. YCTAaHOBJIEHO, UTO THOKHE JIEKTPOMArHUTHBIE KpaHbl HA OCHOBE TIOPOITKOOOPA3HBIX APEBECHBIX
yTIIeH, N3TOTOBJICHHBIC COTIACHO MPEACTABICHHONW TEXHOJIOTUH, XapaKTePU3YIOTCS 3HAYCHUAMHU KOdPQHUIIIEHTa
OTpaXXEHUS AIIEKTPOMArHUTHOTO M3JIydeHus B auanazone yactot 0,7-17,0 ['Tu, nocturatomumu —10,0 nb, npu
3HAYCHUSIX KOd(PPHIIMEHTA OTpaKeHUs AIeKTpoMarauTHoro u3nydenus —20,0 1b. B ¢Bsi3u ¢ 3THM MOXHO peKo-
MEH/IOBAaTh WCIOIH30BAHIE TAKUX HKPAHOB IS OOCCICUCHHS IEKTPOMATHUTHOW COBMECTHMOCTH PaJdO03JICK-
TPOHHBIX CPEJCTB U 3aLIUTHI JIIOAEH OT BO3IEHCTBUS U3ITYUCHHUs], TCHEPUPYEMOT0 TAKUMH CPEJICTBAMH, a TaKXKe
JUTSI CKPBITHSI HA36MHBIX 00OBEKTOB OT OOHAPY>KEHUS B PATUOIOKAIIMOHHOM JMAa30He JJIUH BOJH.

Ki1ro4eBble cj10Ba: 3JIEKTPOMArHUTHBIN 9KpaH, PE3UCTUBHBIA MaTepHall, TEXHOIOTHSL.
KonguaukTt untepecoB. ABTOp 3asiBiIsieT 00 OTCYTCTBHU KOH(IIMKTa HHTEPECOB.

BaarogapHocTs. ABTOp BhIpaXkaeT OIarogapHOCTb JOLEHTY Kadexpbl 3ammuTbl MHpOpManuu benopycckoro
TOCYJJapCTBEHHOTO YHHUBEPCHUTETA NHPOPMATHKH M paarodaekTpoHukn boinpas O. B. 3a momoies B n3MepeHnu
3HaueHUH KOd()(PUIIMEHTOB OTpPa)KEHUsSI M IEpeiayd 3JIEKTPOMArHUTHOTO HM3JIy4eHUsl 00pa3loB M 3a ydacTue
B 00CY’K/I€HUHU PE3YIBTAaTOB ITUX U3MEPEHHH.

Jus uurupoBanusi. Aiian, X. TeXHOIOTHs H3TOTOBICHUS TMOKHX 3JIEKTPOMAHHTHBIX JKPAHOB Ha OCHOBE
pesuctuBHbIX Matepuaio/ X. Aitan // Joxnanst BI'YUP. 2022. T. 20, Ne 8. C. 28-33. http://dx.doi.org/10.35596/1729-
7648-2022-20-8-28-33.

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 radio-electronic 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 narrow-band. 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 narrow-band, they are suitable,
as a rule, to solve of the third task presented above.

Electromagnetic shields based on resistive materials are wide-band 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 high-manufacturability technique
of charcoal-based 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 um;

— 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 um and further joining along the perimeter of these canvases using the
soldering method (Fig. 1, ¢).

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 Type of the charcoal, . Quality
. . . . Weight of ;
experimental contained in the Thickness, mm 1 m2. k of the experimental
samples group experimental samples K8 samples in the group
Samples Non-activated 1.5+ 0.05
of the group 1 wood charcoal
Samples Activated 20+ 1 1.6 £0.05 10
of the group 2 wood charcoal
Samples Activated 1.65+£0.05
of the group 3 coconut charcoal
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Fig. 2. Frequency dependences of the electromagnetic radiation reflection coefficient in the range
0f 0.7-2.0 GHz (a) and 2.0-17.0 GHz () of the manufactured samples: 1 —samples of the group 1;
2 —samples of the group 2; 3 — samples of the group 3
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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 non-activated 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 non-activated 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 CaCl, aqueous solution is 9 S/m and below the values of the specific
electrical conductivity of the mixture of activated wood charcoal and CaCl, aqueous solution (25 S/m)
and the mixture of activated coconut charcoal and CaCl, 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.
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Fig. 3. Frequency dependences of the electromagnetic radiation transmission coefficient
in the range of 0.7-2.0 GHz (@) 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

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 non-activated 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 CaCl, 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 CaCl, aqueous solution and to the mixture of activated wood charcoal
and CaCl, 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.
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2. Electromagnetic shields based on wood charcoal (non-activated 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 X-frequency range.
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