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Nowadays, people are constantly under the influence of electromagnetic radiation, which can cause health
deterioration. The creation of ceramic materials that protect biological and technical objects from the negative effects
of electromagnetic radiation is relevant for Ukraine and the world. The purpose of the study is to create composite
ceramics with the addition of graphite and conduct experimental studies of the electrophysical properties of such
material samples in the frequency range of 26—-37.5 GHz. The results of experimental studies of the developed ceramics
based on facing tiles with an electrically conductive additive of 10, 20, and 30 % wt. of graphite. To determine the
parameters of the interaction of electromagnetic radiation with the samples, the modernized standard equipment — P2-65
microwave standing wave coefficient and attenuation meter, was used. The phase composition of the material was
determined using the method of X-ray phase analysis using a DRON-3M diffractometer with CuK, radiation with a
nickel filter. The developed composite ceramic materials meet the basic requirements for the operation of similar
materials and can be used to weaken the high-frequency electromagnetic field inside premises located in the areas of
radio radiation action, and for environmental purposes to reduce the intensity of the electromagnetic field outside the
premises where sources of radio radiation are present. Thus, the developed composite ceramics have characteristics
that allow them to be used in construction and in electronic devices for the purpose of effective shielding of harmful
radio radiation, and the developed ceramics, according to the classification, can be classified as radio-absorbing.

Keywords: electromagnetic radiation, radio-absorbing ceramics, conductive additives, electrophysical
properties, transmission coefficient, reflection coefficient, X-ray phase analysis

INTRODUCTION the composite type, namely, the introduction of
electrically conductive impurities into the
dielectric matrix. Due to this, there is a decrease
in specific volume resistance and an increase in
the dielectric constant of ceramic materials. The
main disadvantages of the majority of used
composite  materials are low  strength,
flammability, toxicity, associated with the use of
various organic substances as matrices (resins,
rubbers, paints, varnishes, efc.) [10]. These
disadvantages can be eliminated if ceramics are
used as a matrix.

Metals and their alloys, graphite and some
other substances are mainly used as conductive
additives [11]. Common additives used for
electromagnetic protection materials are mainly
unstable during heat treatment (burn out, react
with the formation of new products that have high
resistivity values), which is a negative factor for
creating protective composite ceramic materials.

It is known from the literature [11-18] that
graphite oxidizes at low temperatures. But since

At work and at home, a person is exposed to
electromagnetic radiation from computer, office
and household appliances; analog and cellular
communication; medical equipment; broadcast
radio; navigation systems and many other sources
[1]. A higher than permissible intensity of
electromagnetic radiation can lead to increased
fatigue, central nervous system disorder, clouding
of the lens of the eye, efc. [2—4]. Extraneous
radiation adversely affects the technical condition
of electronic devices up to their failure, which is
extremely dangerous under the conditions of the
spread of automated control systems for
technological processes [5, 6].

Traditionally, metals and their alloys [7] and
ferrites [8, 9] are used to protect against
electromagnetic radiation, the use of which in its
pure form is impractical for both economic and
technological reasons. It is more rational to use
the appropriate materials in the form of additives
during the production of protective materials of
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during the production of shaped ceramics, a high-
speed firing mode is used, it can be expected that
not all graphite will oxidize with the formation of
new compounds. Therefore, contrary to the
requirements for conductive additives, graphite
was used as a filler.

The creation of ceramics that protect
biological and technical objects from the negative
effects of electromagnetic radiation is relevant for
Ukraine and entire world.

The purpose of our study is to create
composite ceramics with the addition of graphite
and conduct experimental studies  of
electrophysical properties in the frequency range
of 26-37.5 GHz.

THEORETICAL PART

During the passage of a wave through a
material, the interaction of radiation with it is
determined by the amount of attenuation S>j,
reflection S;; and absorption Sy [19]:

S21 =81+ S4 + Sur,

where Syr — is the indicator of multiple internal
reflection.
The amount of reflection S;;, dB, is equal to:

VSWR -1
VSWR+11’

where VSWR — is the standing wave factor by
voltage.
The amount of absorption S4, dB, is equal to:

S]]:201g|

Sy = ZOded/5, 8 = (nfuc)~1?,

where d — is the thickness of the sample, f —is the
frequency of radiation, ¢ — is the magnetic
permeability of the sample, o — is the conductivity
of the sample.

Multiple internal reflection index Sux:

Sur = 20lg|1 — e~24/5|.

A small effect of multiple reflection in
composites with high conductivity filler
concentrations applied is typical and may be
ignored.

EXPERIMENTAL PART

The production of ceramic mass was carried
out under the condition of using the lowest
temperature and firing time, taking into account
that the additive can oxidize, burn out or interact
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with the dielectric matrix. In this study, ceramic
mass for the production of facing tiles was used.

A promising direction of research is the
creation of composite materials based on a
dielectric matrix and a conductive additive (coke
pitch electrode, technical carbon, carbon black,
graphite, iron carbonyl, silicon carbide, silicon,
aluminum, iron, copper, nickel, iron(IIl) oxide,
copper(Il) oxide) [20-22].

Taking into account the requirements [22-27]
put forward for electrically conductive additives
for the creation of electrically conductive ceramic
composite  materials, graphite (TKLR -
7.5:10° deg', pv — 8:10 °Ohm'm, T.— 3850 °C)
was chosen from the set of traditionally used

additives  for  composite = materials  of
electromagnetic protection.
Based on the need to ensure the

manufacturability of the mass, the proportion of
the additive was in the range from 10 to
30 mass. %. The developed composite ceramic
tile consists of two layers (Fig. 1).

slaze

II layer

Fig. 1. Graphite-containing composite ceramic tile

Batch compositions for I and II layers for tiles
are presented in Table 1. Press powder for I and
Il layers was obtained separately from raw
materials in a given amount, which were weighed,
moistened, ground in a layer mill; the slurry was
dried in a drying cabinet, then crushed and passed
through a sieve N 05. First, the press powder for
the I layer, moistened up to 8 %, was weighed and
poured into the press mold, the pressure force was
5 MPa; after that the press powder for the II layer,
moistened up to 8 %, was weighed and poured
into a mold for pressing, the pressure was
18-20 MPa. The obtained raw material was dried.
Next, the semi-finished product was covered with
glaze and placed in a drying cabinet. The finished
semi-finished product was fired in a silite furnace
at a firing temperature of 1.120-1.140 °C, with
exposure at the maximum temperature of 20 min.
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Table 1.  Furnace burden components for tiles

Mass content of materials, wt. %

Name of raw materials Il layer - | lazyer ;

Andriivska Clay 43.00 38.70 34.40 30.10

Granite sifting 13.00 11.70 10.40 9.10

Graphite - 10.00 20.00 30.00

Quartz sand 29.04 26.14 23.23 20.33

Crushed Chalk 8.03 7.23 6.42 5.62

Tile Remainders 6.93 6.24 5.54 4.85
Measurements of the electrodynamic method using a DRON-3M diffractometer with

characteristics of the samples — transmission and
reflection coefficients — were carried out in the
frequency range of 26-37.5 GHz. Standard
rectangular waveguides with a cross section of
7.2x3.4 mm* were used. The tested samples
completely covered the cross-section of the
waveguide and had a thickness of 1.5 mm. To
determine the parameters of the interaction of
electromagnetic radiation with the samples, the
modernized standard equipment—standing wave
ratio meter and attenuation P2-65 with indicator
Y2P-67 — was used. The transmission coefficient
was determined according to the scheme shown in
Fig. 2.

The attenuation coefficient S, was
determined according to the attenuation scale of

the P2-65 ratio meter in decibels. When
reorienting the directional coupler 3 by
180 degrees, the voltage standing wave

coefficient — VSWR — was measured. According
to the formula: krepecion = 20*g((VSWR — 1)
/(VSWR + 1)), the reflection coefficient in
decibels was calculated.

The phase composition of the test samples
was determined using the X-ray phase analysis

0

CuK, radiation and a nickel filter under standard
operating conditions. To identify the phases, the
American ASTM catalog was used [13].

Indicator unit

Ya2R-67

Generator unit

P2-65 I:] [:I L
1 2 3 4
Fig. 2. Block diagram of the experimental setup for

determining the attenuation coefficient S»;:
1, 3 —directional splitters, 2 — waveguide with
a sample, 4 — coordinated load

In Fig. 3 and Fig. 4 the spectra of the
attenuation and reflection coefficients of the wave
passing through composite ceramics with the
addition of 10, 20, and 30 wt. % of graphite are
shown. In Fig. 5 the results of X-ray phase
analysis in the form of a line X-ray pattern for a
sample with the addition of 10 % graphite in the
first layer after firing are shown.
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Fig. 3. Spectra of attenuation coefficients when passing through composite ceramics with the addition of 10, 20, and

30 wt. % of graphite
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Fig. 4. Spectra of reflection coefficients when passing through composite ceramics with the addition of 10, 20, and

30 wt. % of graphite
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Fig. 5. X-ray as a barcode of composite ceramics with 10 % graphite in the Ist layer after firing

The study of these samples showed that the
addition of graphite to ceramics reduces the wave
attenuation coefficient from 40 dB at 10 wt. % of
graphite up to 20 dB at 30 wt. % of graphite. At
the same time, a small wave reflection is observed
in a part of the frequency range.

Also, the X-ray as a barcode showed that after
firing, graphite remained in the composition of the
first layer, which is an important condition for
obtaining radio-absorbing ceramics according to
classification-identification.

All of the above points to the prospect of
using graphite-containing ceramics as a material
for absorbing ultra-high-frequency radio waves.

CONCLUSIONS

The electrodynamic characteristics of
electrically conductive composite ceramics with
the addition of graphite in the microwave range of
26-37.5 GHz were studied. According to the
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results of the conducted research, the laws of the
change of the attenuation coefficient were
established and the attenuation of the
electromagnetic wave by 2040 dB was found
dependent on the amount of graphite additive (10,
20 or 30 wt. %) in the electrically conductive
ceramic tile. There is also a small reflection of the
wave in the frequency range above 30 GHz,
which indicates the prospect of using graphite-
containing ceramics as a material for absorbing
radiowaves.

The developed and manufactured composite
ceramic materials meet the basic requirements for
the operation of such materials and can be used to
weaken the high-frequency electromagnetic field
inside premises and for environmental purposes
to reduce the intensity of the electromagnetic field
outside the premises, in which there are sources
of radio radiation.
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JlocaizkeHHsl e1eKTPOAMHAMIYHUX BJIACTHBOCTEH KOMIIO3UTHOI KepaMiKu

B.I. I'puropyk, B.B. Oailinuk, B.B. 3aropoaniii, I'.B. JIucauyk, P.B. Kpupoook,
B.B. Bosomyk, M.C. Maiicrat, O.M. Jlany3ina

Kuiscoruii nayionanonuti ynisepcumem imeni Tapaca llleguenxa
8yn. Bonooumupcwera, 64, Kuis, 01033, Ykpaiua, info@knu.ua
Hayionanvnuti mexuiunuii ynigepcumem « XapKiecoKutl noaimexHiyHul iHCmumymy
eyn. Kupnuuosa, 2, Xapxis, 61002, Ykpaina, omsroot@kpi.kharkov.ua

YV naw uac moouna nocmitino nepebysae nio 6nauBOM eNEKMPOMASHIMHO2O GUNPOMIHIOBAHHS, SIKE MOICE
npuzgecmu 00 ROIPUEHHsL 300p08 5. AkmyanbHum 0151 YKpainu ma ceimy € CmeopenHst KepamiyHux Mamepianis, sKi
saxuwaioms 0i0102iuHI ma mexHiuHi 06 ekmu 6i0 He2amueHOi OIi eNeKMPOMACHIMHO20 SUNPOMIHIO8aHHs. Memoio
pobomu € cmeopenHsi KOMNO3UMHOI Kepamiku 3 000A6anHAM 2pa@imy ma npoeedeHHs eKCHePUMEHMATbHUX
00CI0MNHCeHb eNeKMPODIZUUHUX 6IACMUBOCHeEll 3PA3KIE MaKoeo mamepiany 6 odianazoni uacmom 26-37.5 ITy.
Pezynomamu  excnepumenmanoHux 00CniodceHb poO3poONEHOI KepamiKu HA OCHOB8I OOAUYHOBATbHOI NIUMKU 3
enekmponpogionoro ododbaexoro 10, 20 i 30 mac. % 3 ecpagimy. [na eusnavenns napamempie 63acmoOii
e1eKMPOMAHIMHO20 BUNPOMIHIOBAHHS 31 3DA3KAMU BUKOPUCHIOBY8ANIU MOOEPHI308AHY CIAHOAPMHY anapamypy —
MIKpOX8UIbO8Ull 8uMiprogay Koegiyicuma cmoauoi xeuni ma nocinabnenns I12-65. @azosuil cxkiad mamepiany
BUBHAUATU MeMOOOM peHmeenohaz08020 ananizy ma ouppaxmomempi JJPOH-3M 3 CuK, sunpominiosanusim 3
Hixenesum inempom. Pospobreni xomnosuyivini Kepamiuni mamepianu 6i0N08i0aromb OCHOSHUM 6UMO2AM 00
excnayamayii nodiowux mamepianie i MOXNCymb OVmu GUKOPUCMAHI Ol NOCIAONEHH BUCOKOYACMOMHO20
€eKMPOMACHIMHO20 NOASL 8 NPUMIWEHHSAX, PO3MAWOBAHUX Yy 30HAX Ofi padioGuUNpoOMIHIOBAHHS, 4 MAKONC 3
€KONOSTUHOI0 MemOI0 OJisl 3HUJNCEHHSI HANPYICEHOCMI eleKMPOMASHIMHO20 NOJsL. 34 MeNCAMU Npumilyenv, oe €
ooicepena padiogunpominiosanns. Takum YUHOM, pO3pOONEHA KOMNOZUMHA KePAMIKA MAE XApaKmepucmuKu, sKi
00360510Mb BUKOPUCOBY8aAMU iT 6 OYOIGHUYMEBI A 8 eNeKMPOHHUX NPUCMPOSX 3 MEMOIO eDEKMUBHO20 eKPANYBANHS
WIKIONUB020 pPAOIOBUNPOMIHIOBAHHS, A DPO3PODIeHY Kepamiky, 32i0H0 3 Kiacugixayiero, MOJICHA 6i0Hecmu 00
PAOIONO2IUHAIOHOL.

Knrouosi cnosa: erekmpomazrimue 8unpoMinO8aHHs, padiono2nuHao4a Kepamikd, eneKkmponposioni 000asKu,
enekmpohizuuHi e1acmusocmi, KoegiyicHm nponyckauts, kKoeghiyienm iobumms, peHmeeHopa306uil AHani3
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