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The results of experimental studies of the developed veneering ceramics with electrically conductive
SiC admixtures of 10 and 20 wt. % are presented. The main electrodynamic characteristics of ceramics
such as microwave permittivity, dielectric loss tangent, attenuation and reflection coefficients were meas-
ured by PNA N5227A Keysight Technologies vector network analyzer in the frequency range of 1-67 GHz.
The instrument software automates measurements of complex permittivity and permeability of materials.
The results can be presented in S-parameter format, &, &', tand, &/ and g". The effective permittivity of the
composite depends on the filling factor of the composite matrix with particles (the ratio of the total volume
of particles to the entire volume of the medium). In the case of low concentrations of nanoparticles, the ap-
proach based on the Maxwell-Garnett effective medium theory provides fairly accurate results. The charac-
teristics of the developed ceramics are shown, which allow its use in construction engineering and electron-
ic devices in order to effectively shield harmful electromagnetic radiation. According to the classification,
ceramics themselves can be attributed to radio-absorbing ceramics.
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1. INTRODUCTION

At present, a person's life, both at work and at
home, takes place in conditions of an increased concen-
tration of adverse factors, including electromagnetic
radiation: broadcasting television; navigation systems;
energy and electric transport; computers; office and
household appliances; analog, digital, military and
special communications and amateur radio; industrial
and medical equipment, and many others [1, 2]. The
frequency range, in which radiating equipment mainly
operates, extends from 1 to 5 GHz (microwave ovens,
3G/4G mobile communication, etc.). Next in line is 5G
mobile communication, the Internet of Things, which
requires an increase in data exchange speed by 1-2
orders. This is provided by increasing the operating
frequency to 20-70 GHz.

It is known that high-power electromagnetic radia-
tion exceeding the permissible levels can cause certain
functional disorders in the human body, in some cases
irreversible. Failure to observe precautions and lack of
proper protection under electromagnetic radiation can
lead to increased fatigue, disorders of the central nerv-
ous system, clouding of the eye lens, etc. [3, 4]. In addi-
tion, electromagnetic radiation adversely affects the
technical state of electronic systems right up to failure,
which is extremely dangerous in modern conditions of
the spread of automated control systems for technologi-
cal processes and medical aid [5, 6].

Traditionally, metals and their alloys, ferrites are
used to protect against the effects of electromagnetic
radiation [7, 8]. The use of such materials in their pure
form is impractical both from economic and technologi-
cal points of view. Therefore, it makes sense to use
them as ingredients of composite radioprotective mate-
rials. Namely, the introduction of electrically conduc-
tive admixtures into the dielectric matrix provides a
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decrease in volume resistivity and an increase in mag-
netic permeability of ceramic materials. The main dis-
advantages of the most commonly used composite ma-
terials are low strength, flammability, toxicity associat-
ed with various organic substances as matrices (resins,
rubbers, paints, varnishes, etc.) [9]. The use of ceramic
matrices can eliminate these shortcomings.

The class of electrically conductive admixtures in-
cludes mainly metals and their alloys, graphite, etc.
But prevalent admixtures used in electromagnetic
protective materials are generally unstable during heat
treatment (they burn out, react with the formation of
new products possessing high resistivity values), which
is unacceptable when creating protective ceramic com-
posite materials [10].

Therefore, the proper choice of electrically conduc-
tive admixtures for ceramic composite materials pro-
tecting biological and technical objects from negative
effects of electromagnetic radiation is an urgent prob-
lem in Ukraine and EU countries as well as throughout
the world.

Based on the above, the goal of our work is to exper-
imentally study the electrodynamic characteristics of
electrically conductive composite veneering ceramics
with SiC admixture in the frequency range from 1 to
67 GHz.

2. DEFINITIONS

When an electromagnetic wave passes through a
material, the material-radiation interaction is deter-
mined by the parameters of transmission 7, reflection
R and absorption A [1]:

T+R+A=1,
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where T'=10521, R=10S11= | 2 S91 is the power
VSWR+1

transmission coefficient in dB, Si1 is the power reflec-
tion coefficient in dB, VSWR is the voltage standing
wave ratio, S21 and Si11 are standard scattering param-
eters measured by microwave network analyzers, re-
flectometers, etc.

For a planar material layer of thickness [, the
transmission and reflection are determined by the fol-
lowing relations [1]: T'= | t|2, R= | r | 2,

r=(iz—rize®)/(1-rize??,
t= ((1 - 7'122) ~e—’y'l) / (]_ — ri2 9_27'1)’

where ri2 = (1 —n)/(1 + n) is the reflection index at the
space-material interface, n is the complex index of re-
fraction, y is the complex propagation constant in the
material. All stated terms are dependent on material
permittivity and permeability.

3. EXPERIMENT

The choice of the ceramic mass was based on the
condition of the lowest temperature and annealing time,
taking into account the possible oxidization and burning
out of the admixture or its interaction with the dielec-
tric (ceramic) matrix. In this work, the material for the
production of veneering ceramics was considered.

A promising approach in the design of effective
composite shielding materials is based on the use of a
dielectric matrix with an electrically conductive admix-
ture (electrode coke, technical carbon, carbon nano-
tubes, graphite, carbonyl iron, silicon carbide, silicon,
aluminum, iron, copper, nickel, iron (III) oxide, copper
oxide (II)) [8-10].

Taking into account the requirements [10-15] im-
posed on electrically conductive admixtures used in
electromagnetic protective ceramic composite materi-
als, SiC was chosen (pv: 0.001-0.3:10-¢ Ohm'm, TCLE:
5-7-10-6 deg~1, Tm: 2.700 °C). With regard to manufac-
turability of the mass, the amount of introduced admix-
tures was determined from 10 to 20 wt. %.

To obtain press powder, raw materials were
weighed in a predetermined amount, 10 and 20 % sili-
con carbide was added, and wet grinding in ball mills
was carried out. The resulting slip was dried in an
oven, crushed and passed through a No 05 sieve. The
ready-made press powder for veneering ceramics with
SiC was moistened to 8 %, weighed and poured into a
mold for pressing. The pressure force was 18-20 MPa.
The resulting crude was dried in an oven. The semi-
finished product was annealed in a silite furnace at a
temperature of 1120-1140 °C with holding at the max-
imum temperature for 5-10 min.

The chemical composition of ceramic masses with
silicon carbide for the subsequent fabrication of facing
ceramics specimens is shown in Table 1.

Table 1 — Chemical composition of ceramic masses

The content of components, wt. %

Name o 5.[8i0s [Fez0s [K20 [Nay0 |CaO |TiO; | SiC | PPP

OK1]|14.9 [51.69|1.26 [4.57 |1.47 | 6.3 [0.72 |9.09 | 14.9

OK 2]13.24 [45.95]1.12 [4.07] 1.3 | 5.6 [0.64 [8.08 |13.24
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The electrodynamic characteristics of the ceramics
were measured by PNA N5227A Keysight Technologies
vector network analyzer. In our research, we focused on
measuring these characteristics precisely in the micro-
wave range, and the actual frequency range was 1-
67 GHz. The instrument software automates measure-
ments of complex permittivity and permeability of ma-
terials. The results can be presented in S-parameter
format, &, &', tand, 4 and 4"

Ceramic samples of cylindrical shape with a central
hole were placed in the coaxial waveguide of the meas-
uring device. Sample sizes: diameter 1.85 mm, hole
diameter 0.82 mm, length varied from 2.4 mm for a
sample with 10 wt. % SiC (OK 1) up to 3.6 mm for a
sample with 20 wt. % SiC (OK 2).

Fig. 1 shows the spectra of transmission and reflec-
tion coefficients for a sample of veneering ceramics
OK 1. The spectra demonstrate rather high values of
transmission and relatively low reflection, but certain
resonances appear in the dependence. It is known that
the permittivity of dielectric mixtures is determined by
their composition as well as particle size and can be
approximately calculated using the Maxwell-Garnett
effective medium theory [2]. It predicts the appearance
of resonant absorption bands depending on the constit-
uent components of the composite.

Fig. 2 shows the dielectric spectra of OK 1 compo-
site. Resonances are observed at frequencies of approx-
imately 45 GHz and 60 GHz.
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Fig. 1 — Spectra of transmission and reflection coefficients of
ceramic sample OK 1
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Fig. 2 — Dielectric spectra of composite OK 1
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As it was mentioned, the presence of two compo-
nents in a composite can lead to resonant interaction of
a material with microwave radiation. The range of
resonance amplitudes and frequencies is determined by
the permittivities and particle sizes of admixtures. In
this case, the effective permittivity of the composite
depends on the filling factor of the composite matrix
with particles (the ratio of the total volume of particles
to the entire volume of the medium). In the case of low
concentrations of nanoparticles, the approach based on
the Maxwell-Garnett effective medium theory provides
fairly accurate results.

Accordingly, the dielectric loss tangent (Fig. 3) has
resonant regions where losses increase sharply.

Increasing the concentration of SiC in the composite
up to 20 wt. % (OK 2) completely restructures the fre-
quency dependences and increases the losses (Fig. 4-
Fig. 6). With an increase in conductive admixtures, the
permittivity also increases. In addition, the dielectric
loss tangent increases significantly.
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Fig. 3 — Dielectric loss tangent of sample OK 1
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Fig. 4 — Spectra of the transmission and reflection coefficients
of ceramic sample OK 2
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Fig. 5 — Dielectric spectra of composite OK 2
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Fig. 6 — Dielectric loss tangent of sample OK 2

4. CONCLUSIONS

The electrodynamic characteristics of electrically
conductive composite veneering ceramics with the addi-
tion of SiC were studied in the microwave range from 1
to 67 GHz. The following findings can be drawn:

— It 1s experimentally shown that the transmission
and reflection coefficients of the test samples in the
range of 1-67 GHz increase with increasing conductive
admixture concentration from 10 to 20 wt. % SiC. At
the same time, the absorption of microwave radiation
increases, and ceramics can be considered as a radio-
absorbing material.

— The developed and fabricated composite ceramic
materials with the appropriate concentration of admix-
tures meet the basic requirements for the operation of
such materials. They can be suitable for electromagnet-
ic protection inside premises exposed to radio wave
radiation and for environmental purposes to reduce the
electromagnetic field intensity.
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MikpoXBUIBOBI €JIEKTPOAUMHAMIYHI XapaKTePHUCTUKN KepaMidHUX MaTrepiasiis

B.I. I'puropyx!, B.B. Omiitauxk!, B.B. 3aropoxmiiil, I'.B. Jlicauyk?, P.B. Kpuso6ox?, A.B. 3axapos?,
B.B. Boutomyx2, M.C. MaiicraT?

1 Kuiecvruli HaulonanvHuil yrisepcumem imeni Tapaca Illesuerka, 8yn. Borodumupcora, 64/13,
01061 Kuis, Yxpaina
2 HauionanbHuti mexHiuHull yHigepcumem “Xapkiscokuti nosimexuiuruil incmumym”, eysn. Kupnuuosa, 2,
61002 Xapxis, Vrpaina

Hageneno pesynpratu ekcriepuMeHTAaIBHUX JOCILTKEHb PO3po0IeH0l 00IHIT0BAIbBHOI KepaMIYHOl IIn-
TKH 3 eJieKTporpoBimauMu gobaskamu SiC 10 1 20 mac. %. 3a H0IIoMOrow BeKTOPHOTO aHAJI13aTopa Mepeskl
Keysight Technologies PNA N5227A BuMipoBa/Iucsa OCHOBHI €JIEKTPOJIMHAMIYHI XapaKTePUCTUKNA KepaMi-
KH: MIKPOXBIJILOBA [IieJIeKTPHUYHA IIPOHUKHICTh, TAHMEHC KyTa MIeJIEKTPUYHUX BTPAT, KoedillieHTH 3ara-
caHHA 1 BiZOUTTA B miamasoni yactor 1-67 I'T'm,. IIporpamue sabesmnedeHHs mpuiiagy aBTOMATH3y€ BAMIPIO-
BaHHA KOMILIEKCHOI Ti1eJIeKTPUYHOI IIPOHUKHOCTI 1 MATHITHOI IIPOHUKHOCTI MaTepiaiis. Pesyibratu MOKyTh
OyTu mpezcrasieHi B opmati S-mapamerpis, £, &', tand, ¢ 1 4. EdexrusHa miesekTpuuHa MpOHUKHICTD
KOMIIO3UTY 3AJIESKUTH Bl KoeIIieHTa 3alI0BHEHHS] KOMIIO3UTHOI MATPUIll YacTUHKaMu (BIIHOIIIEHHS 3ara-
JIBHOTO 00'eéMy YaCTHHOK J0 BChOTO 00'eMy cepemoBuIna). ¥ pasdi HU3bKHX KOHIIEHTPAIN HAHOYACTUHOK IIiI-
X1J1, 3aCHOBaHUI Ha Teopil edpekTUBHOTO cepenopuina Makcsesuta-I'apHerra, qae JOCUTh TOYHI PE3yJIBTATH.
TTokazano xapakTepuCTUKU PO3POOIEHOI KepaMiKH, sIKl I03BOJISIIOTH BUKOPUCTOBYBATH 11 B KOHCTPYKIMIMHIN
TEeXHIIl Ta eJIEKTPOHHMUX IIPUCTPOSX 3 METOH e(EeKTUBHOTO eKPAHYBAHHS IIKIJIMBOTO €JIEKTPOMATHITHOTO
BunpomigioBaHHA. CaMy KepaMiky 3a KJacu(ikalriero MOKHA BITHECTH JI0 PA/II0IOTIMHAIYO].

Kmouori ciora: Kepamiuna mmurka, Emexrpomposimmi gomimkwn, Koedirmientn saracanmus ta BimOWTTS,
KomrrekcHa giesrekTpudHa Ta MarHiTHA IPOHUKHICTD, TaHTeHC TieJIeKTPUYHNIX BTPAT.
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