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TECHNOLOGY FOR THE MANUFACTURE OF COMPOSITE RADIO-ABSORBING CERAMICS

In the modern world, electromagnetic radiation constantly accompanies a person, affecting both his health and the operation of technical devices. One
of the promising solutions to this problem is the use of special ceramic materials that can effectively absorb radiation and can significantly increase
the level of environmental safety. The purpose of the work is to manufacture facing tiles based on composite radio-absorbing ceramics with the
addition of silicon carbide and strontium titanate. Experimental composite ceramic tiles consist of three layers. Spectral characteristics were
determined - transmittance, absorption and reflection coefficients in the frequency range of 20 - 40 GHz. The results of experimental studies of the
developed ceramic tiles based on facing ceramics with electrically conductive additives of silicon carbide in the amount of 30 wt. % are presented and
strontium titanate in the amount of 10, 20 and 30 wt. %. To determine the parameters of the interaction of electromagnetic radiation with samples, an
upgraded meter of the standing wave coefficient and attenuation was used - a generator unit P2-65 with an indicator SI2P-67. The developed
composite ceramic materials meet the basic performance requirements for this class of materials. They can be effective for reducing the intensity of
the electrical component of the electromagnetic field in the middle of rooms located in the areas of exposure to radio emission sources, as well as used
to improve the environment to reduce the level of the electromagnetic field outside the premises where work related to electromagnetic radiation is
located.

Keywords: radio absorption; composite ceramics; three-layer tiles; silicon carbide; strontium titanate; electrodynamic characteristics;
transmission coefficient; reflection; absorption coefficient.

I'. B. TICAYYK, B. IO. BATTAH
TEXHOJIOI'IA BHT OTOBJIEHHA KOMITO3HIIIHHOI PAJIOITIOI/THHAOY0I KEPAMIKH

Y cyyacHOMY CBITI €lI€KTPOMArHiTHE BUIIPOMiHIOBaHHS IOCTIHHO CYNPOBOJDKYE JIFOIMHY, BIUIMBAIOUH K Ha 11 30pOB’s, TaK i Ha pOOOTY TEXHIYHUX
npucTpoiB. OAHUM i3 IepCIIEKTHBHHUX BHUPIIICHS L€l 3a1a4i € BUKOPHCTAHHS CIEIiaIbHIX KepaMitHUX MaTepiaiiB, 3AaTHUX €(eKTUBHO IOTIHHATH
BUIIPOMIHIOBaHHS Ta MOXKYTh 3HAUHO ITiIBHINVUTH PiBEHb OE3IIEKH HABKOJIHMIIHLOTO CepeoBHINA. MeTor poOOTH € BUTOTOBICHHS OOJIHIFOBAIBHOL
TUITMTKY Ha OCHOBI KOMITO3UIIIHHOT paJlioNoriInHa4ol KepaMiKky 3 10/jaBaHHAM KapOisy KPEMHIl0 Ta TUTaHATy CTPOHLI0. JlociiHa KoMmo3uLiitHa
KepaMiuHa IUTUTKA CKJIaaeThCs 3 TPhOX IapiB. Bu3Havyanu crieKTpasibHi XapaKTepUCTUKH — KOoe(ilieHTH nepeadi, HOrIMHAHHS Ta BIIOUTTS Y
nianasoni wactot 20 — 40 I'T'. IlpencraBneHi pe3ynbTaTu eKCIEPUMEHTAIBHIX JOCHIIIKEHb pO3p00IeHO] KepaMidHOi INTNTKU Ha OCHOBI
OOJIHIIOBAIBHOI KEPAaMiKU 3 eJIEKTPOIPOBIIHUMH 100aBKaMH KapOimy KpeMHilo B KimbkocTi 30 Mac. % Ta THTaHATy CTPOHILio B KinbKkocTi 10, 20 Ta
30 mac. %. [l BU3HAYeHHS apaMeTpiB B3a€MOJIi eIeKTPOMAarHiTHOIO BUIIPOMIHIOBAHHS 31 3pa3KaMH BHKOPUCTOBYBAIN MOAEPHI30BaHMIT
BUMIpIOBaY KOeillieHTy cTOSYO1 XBUJI Ta OCTabIeHHs — reHepaTopHHit 610k P2-65 3 inaukaropom S12P-67. Po3po0iieHi KoMITO3ULIHHI kepaMiuHi
MaTepianu 3aJ0BOJIbHAIOTH OCHOBHI €KCIUTyaTalliiiHi BUMOTH, 1110 BUCYBAIOThCS JI0 AAHOTO KiIacy MaTepianiB. BoHn MoxyTh OyTH eheKTUBHUMU 11
3HIKCHHS! IHTEHCHBHOCTI €JICKTPHYHOI CKJIAI0BOI €IEKTPOMATrHITHOTO [IOJIS B CEPE/IHHI IPUMIIIEHb, PO3TALIOBAHNX Y 30HAX BIUIUBY JUKEPEI
PanioBUNPOMIHIOBAHHS, @ TAKOXK BHKOPHCTOBYBATH 3 METOIO IMOKPAIEHHS €KOJIOTT JUTsl 3HVKEHHSI PiBHS eJIEKTPOMATrHITHOTO MOJIS 32 MEKaMH
MPUMILIEHB, 1€ PO3MillleH] POOOTH, OB S3aHi 3 €IEKTPOMArHITHUM BUITPOMiHIOBAHHSIM.

K11040Bi c10Ba: paionormHaHHs; KOMIIO3ULIHA KepaMika; TPUILApOBa IUINTKA; KapOiJl KPEMHIiI0; TUTAHAT CTPOHLIIO; EIEKTPOAMHAMIYHI
XapaKTEePUCTHKH; KOoe(ilieHT repeiadi; KoedimieHT BiAOUTTS; Koe(illieHT MOTITHHAHHSL.

Entry. It is well known that the absorption
efficiency of microwaves of a material is provided by its
electromagnetic properties, in particular dielectric and
magnetic constant, which mainly depend on the
composition and microstructure of absorbents. The
morphological distribution of absorbents in carriers
(coatings or composites) plays an important role in
improving the microwave absorption capacity of integral
absorbent materials that contain absorbents and a matrix.
The orderly distribution of absorbents in the matrix
contributes to the formation of structured conductive
connections with multi-level transitions even with low
filler content. This lengthens the path of propagation of
electromagnetic waves due to repeated reflection and
scattering, which, in turn, increases the material's ability
to lose electromagnetic energy [1,2].

The main requirement for the electrical properties of
ceramic materials for use in devices is a combination of
dielectric constant in the range from 300 to 600 when
retuning the electric field not worse than 10-20 %
(electric field strength ~(2-5) V/um) and low dielectric
losses in the microwave range (dielectric loss angle

tangent 0<0.005). To achieve the required level of
dielectric constant in a system of solid solutions (Ba, Sr)
TiO; with the structure of perovskite can increase the
content of strontium titanate, which leads to a shift in the
Curie temperature of ferroelectrics towards lower
temperatures and reduces the tangent of the dielectric loss
angle to (1-3)*10° in a wide range of frequencies,
including microwave. However, for such materials, the
rearrangement of the electric field of the & almost
disappears. and alkaline earth oxides and compounds.
Such compositions should provide a combination of high
tunability of € and low dielectric losses [3,4]. Machining
and sintering determine the basic characteristics of
materials, such as microstructure and the presence of
defects, which makes knowledge of the evolution of
microstructure during the machining process very
important. Numerous methods can be used to obtain
materials based on SrTiOs, such as sol-gel, hydrothermal,
incineration method and polymer precursor method [9-
13]. Most of these methods require high-purity chemicals,
making them too expensive for industrial production.
Therefore, commercial SrTiO; is still predominantly
produced by solid-state reaction. Modern applications
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require homogeneous, low-impurity micrograins of
ceramic materials, which makes alternative low-cost
efficient methods for large-scale production of phase-pure
and nano-sized SrTiO; particles an important topic.

The use of mechanical activation in high-energy
mills can affect the evolution of the microstructure and
the sintering properties of the material [14]. Mechanical
grinding leads to a decrease in particle size, resulting in a
change in the dielectric properties of the final ceramic
material [15]. It has been found that reducing the grain
size to ~1 um in some perovskites leads to an increase in
the dielectric constant value (&'r), while a further decrease
in the grain size leads to decrease in the value of &'
[16,17]. Also, the value of the relative permittivity is
additionally influenced by the density values of different
activated sintered samples, i.e. different porosity. A
sample that has a high degree of porosity, i.e. lower
density, will have lower relative permittivity values [18].
In general, microstructure has a great influence on the
dielectric properties of SrTiOz;-based ceramics, and
sintering is an important process that affects
microstructure evolution, grain growth, and compaction
of the final product [19,20].

Strontium titanate, as a material with high dielectric
constant, is an important raw material for the creation of
electrical ceramics. Products based on it have advantages
such as low dielectric loss and good thermal stability, so it
is widely used in the electronics industry. In the ceramic
industry, it is used for the production of capacitors,
piezoelectric materials, ceramic sensing components and
microwave components, and is also applied to the
automatic adjustment of heating elements and the
manufacture of demagnetized parts. It can be used in
optical glass, carbon powder, enamel, heat-resistant
materials, insulation materials and other industries.

In connection with the above, the purpose of this
work is to manufacture facing tiles based on composite
radio-absorbing ceramics with the addition of silicon
carbide and strontium titanate with  specified
electrodynamic characteristics.

Research methods.

The study of the electrodynamic characteristics of
the samples - transmission, absorption and reflection
coefficients, was carried out in the frequency range of 20 -
40 GHz. Standard rectangular waveguides with a cross
section of 7.2 x 3.4 mm2 were used. The samples that
were examined completely overlapped the cross-section
of the waveguide and had a thickness of 2.4 mm.

When a wave passes through a composite material,
the interaction of radiation with it is determined by the
magnitude of S,; transmission, S;; reflection and S,
absorption [21]

S21 =Sn +SA +S

MR >

where Sy is the value of multiple reflection.
The amount of reflection S;; in dB, equal to

VSWR —1
VSWR +1

>

S, =20 lg‘

where VSWR is the voltage coefficient of the standing
wave.

The amount of absorption of S, is calculated in dB
and is equal to:

S, =20lg-e’? 6= (qliyf,ua)_l,

where d is the thickness of the sample,
£ is the frequency of radiation,
u is the magnetic permeability of the sample,
o is the conductivity of the sample.

Smr Multiple Reflection Value
Syr =201gjl—e>"|.

Typical values of multiple reflection in composites
with applied concentrations of a filler with high
conductivity are negligible and can be ignored.

Experimental part

A promising vector of scientific research is the
formation of highly efficient composite materials based
on a dielectric matrix and electrically conductive
additives (carbon black, graphite, carbonyl iron, silicon
carbide, titanates, iron (III) oxide, copper (II) oxide, etc.)
[22-24]. In previous studies, it was found that for the
creation of electrically conductive composite ceramics
based on charge for facing tiles, the optimal amount of
additive is 30% silicon carbide. concentrations of the
additive samples after firing retained a sufficient amount
of silicon carbide in its original form, which made it
possible to effectively protect against the effects of
electromagnetic radiation [25,26]. Taking into account the
requirements for conductive additives [27-29], which are
mainly used to obtain electrically conductive composite
ceramic products with protective properties against the
effects of electromagnetic radiation, the following
additives were selected for research in the work: silicon
carbide (TCLR — 5-7-10° deg’, T, — 2700°C) and
strontium titanate (TCLR — 9-11-10° deg”, Ty —
2080 °C). The ceramic mass was chosen based on the
minimum temperature and firing time, taking into account
the possibility of oxidation, burnout, or interaction of the
additive with the dielectric matrix. The technological
scheme of the production process of composite ceramic
tiles is presented in Fig. 1. The preparatory stage of the
components of the ceramic mass must ensure that each of
them meets the specified chemical and mineralogical
composition, the required level of purity, as well as
optimal physical parameters and humidity, which are
critical for further processing. It includes the main
technological processes of preparation, including: optimal
physical parameters and humidity, which are critical for
further processing. It includes the main technological
processes of preparation, including:
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. Enrichment or ordering of mineral raw . Removal of excess moisture by drying to a
materials, in particular washing with water; level that allows efficient subsequent grinding;

. Initial grinding of raw materials; . Pre-heat treatment (firing), which contributes

. Classification of material by sorting, to the necessary phase transformations, compaction of the
magnetic or sieve separation, chemical cleaning and other =~ material and elimination of volatile compounds.
methods of removing unwanted impurities;

Raw Materials

+

Dispenser

Raw Materials Raw Materials

Dispenser Dispenser

Wet Grinding Wet Gnnding Wet Grinding
(W = 50%. ball mill} (W = 50%6, ball mall) (W = 50%0. ball mll)

Drying
(drving cabinet, 80°C)

Drying
(diving cabinet, 80°(C)

Dirying
(drving cabinet, 80°C)
Grinding
(until passing through
sieve No. 05)

Grinding
(until passing through
zieve No. 05)

Grinding
(until passing through
ziewve No. 05)
Press Powder for Laver I

Press Powder for Layver I1 Press Powder for Lawver ITL

Dispenser Dispenser Forming
+ + (W = 8%, semi-dry
Forming Forming pressing. 18-20 MWPa)

(W = B%, semua-drv (W = 8%, sema-drv
pressing. 5 MMPa) pressing. 10 MNPa)

\.

Drving
(drying cabinet, 80°C)

Glare Coating

Firing
(tunnel kiln, 1120-1140°%C,
holding timme 20 min)

e e e - -

Experimental composite ceramic tiles consist of
three layers, the arrangement of which is schematically
shown in Fig. 2. The encryption of the samples contained
the following information: samples of ceramic tiles with
the addition of silicon carbide and strontium titanate
(SCTS), the first digit of the numerical component of the
cipher indicates the amount of silicon carbide (3 — 30 %),
and the second — the amount of strontium titanate (1 — 10
%, 2 —20 %, 3 — 30 %). Charge compositions for I, II and
III layers of ceramic tiles are shown in Table 1.

(=]}

Fig. 2 — Schematic arrangement of layers in tiles:
a) I layer; b) Layer II; (c) Layer III; (d) Watering

Table 1 — Charge components for composite ceramic tiles

Mass content of materials, mass %

Name of raw materials Layer I 1 Layzer 11 5 Layer IIT
Andriyivska Clay 29.93 37.31 33.62 29.93 41.00
Granite screenings 8.76 10.92 9.84 8.76 12.00
Crushed chalk 4.02 5.00 4.52 4.02 5.50
Quartz sand 24.31 30.30 27.30 24.31 33.30
Tile Battle 5.98 7.47 6.72 5.98 8.20
Silicon carbide 27.00 - - - -
Strontium titanate - 9.00 18.00 27.00 -

The press powder for each of the three layers (I, II
and III) was kneaded separately using the required

amount of feedstock. The components were weighed,
moistened, crushed in a ball mill, after which the resulting
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slipper was dried in a drying oven, crushed and sieved
through sieve No. 05.

At the first stage, the press powder for the first layer
was brought to a moisture level of 8 %, the required mass
was measured and poured into the mold for pressing,
applying a pressure of 5 MPa. Further, they worked with
layer II in a similar way: the press powder prepared to
8 % humidity was measured, added to the mold and for
pressing, using a pressure of 10 MPa. At the final stage,
the press powder for layer III (also with a moisture
content of 8 %) was poured into the mold and pressed
with a pressure of 18-20 MPa.

The resulting blanks were dried, after which they were
covered with watering and placed in a drying cabinet. The
final stage involved firing in a silite furnace at
temperatures of 1120-1140 °C with isothermal exposure
for 20 minutes.

Research results and discussion

To determine the parameters of the interaction of
electromagnetic radiation with samples, upgraded
standard equipment was used - a meter of the standing
wave coefficient and attenuation as part of the generator
unit P2-65 with an indicator S12P-67. The determination
of the transmission
coefficient was
carried out according

IHauKaTopHMiA Brok

leneparoprmil ok

to the scheme shown

in Fig. 3.
A2P-67 s

F Y

! Indicator block !

P2 65

Generator block

i

| —
4

Fig. 3. Block diagram of the experimental installation for determining the transmission coefficient:
1,3 - directional branches; 2 - waveguide with a sample; 4 — Coordinated load

The results of studies of the electrodynamics
characteristics of the developed composite ceramic

tiles are presented in Table. 2.

Table 2 - Electrodynamics characteristics of developed ceramic materials

The analysis of the data obtained indicates an
improvement in the absorption properties of prototypes
when an additional layer with strontium titanate is
introduced into the composite ceramic tiles, however,
with an increase in the concentration of SrTiO; from 20 to
30 wt.%, there are no significant changes in
electrodynamics characteristics, the absorption coefficient
reaches Kpogl —-25.9 dB at a frequency of 40 GHz.

The results of studies of electrodynamics indicators
of materials confirm the legitimacy of using the

Composition code Frequency, GHz Nper, dB Quidb, dB Size, dB
20 -12.4 -3.8 -18.8
SCTS-30 40 -14.1 5.2 -21.1
20 -12.1 -3.9 -20.1
SCTS-31 40 -13.7 5.4 -23.6
20 -11.8 -4.8 -20.5
SCTS-32 40 -13.3 -6.2 -25.8
20 -11.6 -4.9 -20.7
SCTS-33 40 -13.4 -6.5 -25.9
Conclusions and prospects for further

development of this direction

The electrodynamic characteristics of electrically
conductive composite ceramics based on facing ceramics
with the addition of SiC and SrTiO; in the microwave
range from 20 to 40 GHz have been investigated. Based
on the studies carried out, the following conclusions can
be drawn:

- experimentally shown that the reflection coefficient
of the test samples in the range of 20-40 GHz increases
with an increase in the concentration of the conductive
additive from 10 to 30 wt.%. At the same time, the

developfed composite ceramic tiles as materials for EMV apgormtion  coefficient of electromagnetic  radiation
attenuation in the millimeter wave range.
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increases and ceramics passes to the class of radio-
absorbing materials;

- developed and manufactured composite ceramic
materials with the appropriate concentration of
electrically conductive additives meet the basic
requirements for the use of radio-absorbing materials and
can be used to weaken the electrical component in the
electromagnetic field of premises located in places with
radio emission and in order to protect the environment
from the outside of the premises where work is carried out
using EMF.
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