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Abstract. The article discusses the basics of development and production of
materials for shielding electromagnetic fields in a wide range of frequencies. The
purpose of these materials is to cover large surface areas. The basic requirements
for these types of materials have been established. The main ones are: the front
surface must have electrophysical properties (dielectric and magnetic
permeability) to ensure the lowest possible reflection coefficient of
electromagnetic waves. At the same time, it is mandatory to simultaneously ensure
the characteristics of strength, fire resistance, non-toxicity, etc. The content of
radio-absorbing particles and effective dielectric (magnetic) permeability in the
interlayer of the layered structure in the direction of growth of the substrate
should ensure broadband and efficiency of the material. The dispersion
dependence should ensure uniform absorption of electromagnetic energy and its
passage from the input surface to the substrate in a given frequency range. Based
on the maximum and minimum wavelengths of the shielding field, permeability
and thickness of individual layers, calculations of the required thickness of the
gradient material for a given reflection coefficient are given. Thanks to heat
treatment of the surface of the material in the manufacturing process, the
possibility of manufacturing monolithic metal-polymer screens with surface layers
of low dielectric permeability is shown. The possibility of creating monolithic
metal-polymer screens from ferromagnetic finely dispersed substances with an
adjustable gradient in the direction from the front surface to the bottom is
demonstrated, and a technical solution is given. This material can be used to
control the ratio of shielding factors for high-frequency electromagnetic fields,
ultra-low-frequency electric and magnetic fields, as well as concomitant shielding
from natural magnetic fields.
Keywords: electromagnetic fields; screening; shielding coefficients; facing
protective building material

DOI: https://doi.org/10.32347/2411-4049.2022.3.73-80

© Y. Biruk, 2022

ISSN: 2411-4049. Exonoriyna Ge3neka Ta npupogoxopucrysanss, Ne 3 (43), 2022


https://orcid.org/0000-0002-3669-9744
mailto:biruk.iai@knuba.edu.ua

Introduction

For many years, the main goal in the development of materials for shielding
electromagnetic fields and the design of shielding structures was to obtain the
maximum shielding coefficients by any physical mechanism. Recently, in
connection with the growing awareness of the harmfulness of the hypogeomagnetic
field (artificially reduced natural magnetic field), the need for stable functioning of
wireless communication devices with a simultaneous decrease in the intensity of
man-made fields of other origin, there has been a need to develop protective
materials that at an acceptable level satisfy these requirements. But solid metal
structures with regular metal structures and most composite materials do not meet
the requirements. This is due to high reflection coefficients of all solid metal
(crystalline and amorphous) materials, shielding of narrow-band high-frequency
fields with lattice and mesh materials, high shielding coefficients of ultra-low-
frequency and high-frequency fields with composite metal-containing materials.

To solve the problems of rationalizing the degrees of protection against electric,
magnetic and electromagnetic fields, based on theoretical considerations, it is
advisable to consider protective materials of the gradient type - multi-layered and
heterogeneous continuous with a gradient of electrophysical and magnetic properties
in the body of the material.

Analysis of recent research and publications

Sufficient attention is paid to the development and research of protective properties of
non-homogeneous materials [1, 2]. But the technologies developed by them relate to
the solution of electromagnetic compatibility problems, that is, the reduction of fields
of previously known amplitude-frequency characteristics [3] is also intended for
electromagnetic compatibility problems in the aviation industry, therefore, along with
the fixed requirements for protection in a defined frequency band, in this material,
many attention is paid to increasing strength characteristics and reducing weight.

In a thorough survey work [4], it is shown that gradient properties can also be
found in materials intended for individual protection and not very suitable for facing
surfaces. Research [5] shows that it is possible to obtain a gradient of physical
properties in a heterogeneous material.

The task of calculating and predicting the protective properties of materials or
preliminary calculation of a possible design based on the required functionality is
important [6, 7]. But in the first publication, although it is about the optimization of
protection, the optimization problem was not solved either analytically or
graphically. In the second, the developed material, especially in terms of moisture
content, although it has high functional qualities, is prone to degradation and is not
acceptable for lining large areas.

Materials [8] present modern approaches to the design of facing surfaces, the
parameters of which can be calculated. And work [9] shows a fundamental
possibility to rationalize the degrees of protection against the influence of magnetic
and electromagnetic fields of heterogeneous sources, which is the basis for further
research.

The purpose of the work is to develop basic algorithms for the design of
gradient-type cladding materials and to determine the possibilities of their
application for the controlled reduction of electromagnetic field levels.
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Presenting main material

Modern facing materials must meet a number of requirements — general and special.

The general requirements for mechanical properties — strength, specific weight,
reliability (absence of material degradation in the process operation), reliability of
fixing on working surfaces, as well as high fire resistance and minimal release of
harmful substances.

The special requirements include high shielding coefficients in a wide frequency
range (with the possibility of controlling the absorption coefficients of
electromagnetic energy) and the minimum possible reflection coefficients of
electromagnetic waves.

Unambiguous provision of all the above requirements in one material at an
optimal level is practically impaossible, therefore there is a wide range of protective
and facing materials that solve local problems of electromagnetic safety. But there
is an opportunity to rationalize the ratio of degrees of protection for different critical
frequencies or frequency bands of magnetic, electric and electromagnetic fields. It is
necessary to achieve a compromise between the desired and technically feasible
effect for each individual electromagnetic influence, taking into account other
influences, approaches to shielding of which may contradict each other. For
example, by reducing the levels of man-made magnetic fields of ultra-low
frequencies (industrial and its harmonics), we can, under certain conditions, shield
the natural magnetic field, which is harmful to people and is regulated by the relevant
standard.

In general, the simplest task is to reduce the levels of electromagnetic fields of
very high, ultrahigh and extremely high frequency fields, inherent radiations of
communication means and parts of industrial and household equipment. The
building or individual rooms can be shielded with metal or composite flat material,
taking into account the short length of the electromagnetic wave and minor
diffraction phenomena at the edges of the protective structures. But a significant
contribution to protection against high-frequency radiation comes from the reflection
of electromagnetic waves, which is undesirable due to reflection towards other
building premises, the increase of the electromagnetic background due to
re-reflection inside buildings and premises.

Avoidance of this effect is possible due to the use of gradient shielding materials
(multi-layer and continuous). Despite the fact that the method of reducing reflection
coefficients by creating a gap between two surfaces with a thickness of a quarter of
the length of the incident wave is well-known, in many cases it is applied incorrectly
(the electrophysical and magnetic properties of the upper and lower layers are not
taken into account). In addition, this design has narrow-band protection.

The electromagnetic wave reflection coefficient is uniquely determined by the
electrical and magnetic properties of the surface. For example, the reflection
coefficient of an electromagnetic wave during its normal incidence on the surface:

1-\em
Ky = ) (1)
1+ \Em
where ¢ is the dielectric constant of the surface layer of the material on which the
wave falls.
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To ensure the broadband of the material, the quarter-wave gap (or gaps) should
be filled with one of the many developed radio-absorbing elements based on ferrites,
carbon compounds, etc. When developing material for shielding high-frequency
fields, it is necessary to proceed from the following principles:

— the front surface must have the minimum dielectric constant possible to meet
the specified requirements for the material (strength, non-flammability);

— the content of the radio-absorbing substance in the layer (layers) and the
regularity of its change in thickness should ensure a gradual increase in the
equivalent (effective) dielectric constant (mainly the imaginary part of the
complex dielectric constant) in the direction of the surface of the incident wave —
the substrate;

— dispersion dependence should ensure uniform absorption of electromagnetic
energy during its passage from the input surface to the substrate and in the
opposite direction.

The required thickness of the material can be estimated based on the ratio [10].

|InRr|(7“max_7‘min)<ZHidi, (2)
i

where R, —maximum reflection coefficient by power; Xpax s Amin — Maximum and
minimum wavelengths of the frequency band; p; — relative magnetic permeability

of each i-th layer; d — its thickness. For non-magnetic materials, the full thickness of
the material structure is taken instead of the sum in the right-hand side of the
expression.

In general, the loss (absorption) of energy of electromagnetic waves in the
environment is determined by the complex nature of the values of its dielectric and/or
magnetic permeability.

If complex permeability:

8:8'+i8l',uzui'+iun, (3)

where ¢', u' —gums; ¢", p" —imaginary components of the complex permeability,
then the loss (absorption) coefficient is defined as:

o=(yen)". @

At the same time, the attenuation of the energy of the wave that has passed
through the medium is the distance:

—4mod
e A, ®)

where 1 — the length of an electromagnetic wave in free space.
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But the production of multilayer structures, at least those that require the
connection of layers, is associated with a number of technological problems
(ensuring long-term adhesion of layers, accurate maintenance of gap sizes, etc.). In
addition, it requires the use of materials with the lowest possible values as a front
layer and to minimize reflection coefficients. At the same time, a mandatory
condition is the presence of a metal substrate in a multilayer structure, which can
completely block mobile signals.

The use of composite materials — metal-polymers can solve the problem of
simultaneously reducing the levels of electric and magnetic fields of ultra-low
frequencies — industrial and its harmonics. But most polymers have significant
dielectric constants. For example, latex, which was used as a matrix in work [11],
has € = 24, which automatically provides high reflection. At the same time, iron ore
dust, which was used as a shielding filler, has € ~ 1,5. Studies show that during heat
treatment of metal latex material, metal-containing iron ore particles accumulate in
the near-surface layer. That is, it is possible to reduce the reflection coefficient of the
material by creating a concentration gradient of filler particles during heating and
vulcanization of the surface layer (Fig. 1).
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Fig. 1. Cross-section of a heat-treated metal-polymer material sample

As can be seen from the figure, the thin near-surface layer is mostly saturated
with iron ore particles, which brings the dielectric constant to the minimum values
possible for such compositions.

At the same time, the metal-polymer composite itself has, due to the content of
iron and its oxides, high shielding properties in relation to low-frequency magnetic
and electric fields.

Experimental data and theoretical considerations indicate that it is possible to
obtain a gradient-type protective material from a metal-polymer mixture without
applying separately produced layers. For this, it is necessary to create a concentration
gradient of the shielding substance in the body throughout the body of the
matrixpolymer matrix. This is realized due to the use of iron ore dust of different
dispersion and weight of individual particles, which settle at different speeds in the
liquid mixture (Fig. 2).
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Fig. 2. Concentration gradient of iron ore particles in the polymer matrix

This method can be used in a gradient material without a metal substrate.

The practical implementation of this method is possible due to the processing of
the finished initial mixture, which is poured onto a flat surface with a constant
inhomogeneous magnetic field, which will create a gradient of shielding particles
with compaction in the lower part of the cuvette with the solution, where the magnets
are located. But in this case, it is necessary to use a filler with higher magnetic
properties, for example, iron ore concentrate, which has a dispersion of 150-200 pm
and mixes well with liquid polymer. But simultaneously obtaining the upper layer,
saturated with iron ore dust, and the gradual compaction of the distribution of
particles in the direction of the lower side of the material is quite difficult, therefore,
in each specific case, it is necessary to determine the priority factor of influence on
the electromagnetic environment and choose constructive solutions regarding the
introduction of shielding.

Conclusions

1. The requirements for modern cladding materials for shielding electromagnetic
fields are defined. The main ones are: shielding of electromagnetic fields of
frequencies (frequency bands) inherent in most sources of man-made
electromagnetic fields, the most critical from the point of view of human safety,
mechanical strength, adhesion to the base, fire resistance, non-toxicity.

2. It is shown that shielding of fields of very high, ultrahigh and extremely high
frequencies is expedient to be carried out by a gradient multilayer structure, and the
principles of its design are provided. The main criteria for ensuring the necessary
level of protection, in particular for the front layer of a multi-layer structure, are
provided. Estimated prediction of the effectiveness of the protective structure is
proposed, based on the electrophysical and magnetic properties of the shielded
materials and the frequency band of the electromagnetic field.
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3. A method of obtaining a surface layer in a solid material with low dielectric
constants is presented. It consists in surface heat treatment of a liquid metal-polymer
mixture.

4. A method of obtaining a concentration gradient of metal and metal-containing
particles in a composite metal-polymer material is proposed, which allows the
production of high-efficiency facing materials in a wide range of frequencies. The
advantage of such a material is low weight and cost, monolithicity, which reduces
the probability of delamination and degradation under the influence of physical and
chemical factors.
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A1 Bipyk
MNPOEKTYBAHHSA O340BJIOBAJIBHUX MATEPIAJIIB 3 TPAJIEHTOM
EJEKTPO®I3UUYHUX BJACTUBOCTEM

AHoOTalisAg. Y cTaTTi PO3MITHYTO OCHOBH PO3POOKH Ta BHPOOHHWIITBA MaTepiaiiB IJis
eKpaHyBaHHS €JIEKTPOMATHITHUX TOJIB y MIHPOKOMY Jiama3oHi 4acToT. IIpu3HadeHHs uX
MaTepialiB — HOKPUTTS BEITUKUX IIIONI MTOBEpXHi. BCTaHOBICHO OCHOBHI BUMOTH J0 JaHUX
BuAiB MarepiamiB. OCHOBHI 3 HHX: JHMIIbOBA IMOBEPXHS IOBHHHA MAaTH EJIEKTPOQi3WdHi
BJIACTHBOCTI (Hi€JICKTPUYHY Ta MarHITHY POHUKHICTH), 100 320€3MeUnTH IKOMOTa MEHIINI
Koe(ilieHT BIIOUTTS €IeKTPOMArHITHUX XBWIb. [Ipyn 1boMy OOOB'SI3KOBMM € OJHOYACHO
3a0e3MeUeHHsT XapaKTePUCTUK MIIHOCTi, BOTHECTIKOCTI, HETOKCHYHOCTI Ta iH. BwmicT
palnionorIMHAIOYNX YAaCTHMHOK 1 e(eKTHBHA [ieJeKTpUYHa (MarHiTHa) NPOHUKHICTH Y
NpOILIAapKy MIapyBaTol CTPYKTYPH B HAIPSMKY POCTY MiAKJIAJIKW MOBHHHI 3a0e3nedyBaTH
HIMPOKOCMYTOBICT 1 edekTuBHICTH MaTepiaiy. JlucmepciiiHa 3aleXHICTh NOBHUHHA
3a0e3meuyBaTu piBHOMipHE ITOTIMHAHHS €IeKTPOMArHiTHOI eHepril Ta ii MPOXOIKeHHS BiJ
BX1THOT MTOBEPXHI 70 MiAKIAAKH B 3aJaHOMY Jiarra3oHi 9acToT. Ha migcraBi MakcCHMaTbHIX
1 MiHIMaJBHHUX JOBXWH XBWJIb €KPaHYIOUOro IOJs, HPOHHUKHOCTI Ta TOBIIMHH OKPEMHX
I1apiB HABOJSTHCS PO3PaxyHKH HEOOXiTHOT TOBIIMHM I'PalieHTHOTO MaTtepiany Uil JaHOTO
KoedimieHTa BigOWUTTA. 3aBHSIKH TEepMidHIA 00poOIi TOBepXHI MaTepially B Iporeci
BUTOTOBJICHHS TIOKAa3aHO MOXJIMBICTH BHUTOTOBJICHHS MOHOJITHHX METaJONOTIMEPHUX
€KpaHiB 3  [OBEPXHEBUMH  IIapaMH  HU3bKOI  JIENEKTPUYHOI  MPOHHKHOCTI.
[TponeMOHCTPOBaHO MOXKJIMBICTH CTBOPEHHS MOHOJITHHX METAJIOMOJIMEPHHUX EKpaHiB i3
(epoMarHiTHUX APiIOHOAMCIIEPCHUX PEUOBHH 3 PETYJIHOBAHUM I'PAJIEHTOM Y HAIPSIMKY Bill
JIMIBOBOI MOBEPXHI J0 HIDKHBOI Ta HaBEeIEHO TexHiuHe pimieHHs. el martepian MokHa
BUKOPHCTOBYBAaTH MJsi KEpyBaHHs CITIBBIJHOIICHHSAM KOE(DILIEHTIB eKpaHyBaHHS JUIs
BHUCOKOYACTOTHHUX EJIEKTPOMAarHiTHUX TOJIB, YJIbTPaHM3bKOYACTOTHUX ENEKTPHUYHUX 1
MAaTrHITHHX TIOJIiB, @ TAKOXX CYITyTHBOT'O €KPaHyBaHHS BiJ MPUPOJHUX MarHiTHUX TOJIB.

KurouoBi ciioBa: eneKTpOMAarHiTHI TOJS;, e€KpaHyBaHHS; KOe(ili€eHTH eKpaHyBaHHS;
00MHIIOBaTIbHAN 3aXUCHUH OyIiBEFHUI MaTepia
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