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DEVELOPMENT TECHNOLOGY OF ELECTRICAL CONDUCTANCE CERAMICS

The article considers the influence of the technological parameters of the composite ceramics production on the specific volume
resistivity of the composition and, consequently, on the protective properties against the effects of electromagnetic radiation. The
technological parameters included the preparation method, the averaging time of the raw materials, both the pressing and second
calcination pressure. Based on the complex of studies carried out, the following technological parameters of production were
established: duration of grinding — 60 minutes; the moisture content of the press powder is 6.2%; pressing pressure — 25 MPa; first
calcination temperature — 1060 °C; temperature of the second calcination — 1060 °C. The developed technology can be applicated at
enterprises that produce ceramic tiles according to high-speed calcination. The resulting material can to protect biological and
technical objects from the action of electromagnetic radiation. Further research at selecting a glaze coating for the developed
ceramics is aimed.

Keywords: clectrical conductance ceramics, composite ceramics, technological parameters, duration of grinding, moisture
content of the press powder, pressing pressure, calcination temperature, volume resistivity, flexural strength, water absorption.

I'. B. IICAYYK, M. B. BE/Tb, P. B. KPHBOFOK, A. B. 34XAPOB, B. B. BOJIOU[YK, M. C. MAHCTAT
BIIITPAIIFOBAHHSA TEXHOJIOI'Ti EJIEKTPOITPOBITHOT KEPAMIKHA

VY crarTi po3MITHYTO BIUTUB 3MiHM TEXHOJIOTIYHHX ITapaMeTpiB BUPOOHUITBA KOMIIO3ULIHHOT KepaMiKi HAa MUTOMUH 00'€eMHUH o11ip
KOMIIO3UIIIi a TaKOX Ha 3aXHCHI BJIACTHBOCTI BiJ{ BIDIMBY €JICKTPOMArHITHOTO BHIPOMIHIOBAaHHS. J[0 TEXHOJIOTIYHHMX IapaMeTpiB
OyJI0 BiJHECEHO cHOCi0 HMPUTOTYBaHHS, Yac YCEPEeAHEHHS CHPOBHHHUX MaTepiayiB, THCK HpecyBaHHS i JApyroro Bumaimy. Ha
Ii/ICTaBi IPOBEAEHOTO KOMIUIEKCY HOCTIPKEHb BCTAHOBIEHO HACTYITHI TEXHOJIOTIYHI TapaMeTpH BUPOOHHUITBA: TPUBAIICTH TOMEITY
— 60 XB.; BOJIOTICTB Ipec-nopouiky — 6,2%; tuck npecyBanus — 25 MITa; Temneparypa nepioro Bunainy — 1060 ° C; remneparypa
npyroro Bunany — 1060 °C. Po3po6iiena TexHOOTisE MOXe OyTH BUKOPHUCTaHA Ha MiANPHUEMCTBAX, SKi BUITYCKAIOTh KepaMidHy
IUTUTKY 3i [IBUAKICHUM peXUMOM Bunany. OTpuMaHuil MaTepian Moxke OyTH BUKOPHCTAHO [UISl 3aXHCTY O10JIOTTYHUX 1 TEXHIYHUX
00'ekTiB Bif il eleKTPOMArHiTHOro BUIpoMiHioBaHHs. [Toganbiui TOCHiIKEHHsT CIIPSIMOBaHi Ha MiAOIp I1a3ypoBaHOrO MOKPHUTTS
IUTst po3po0IIeHOT KepaMiKy.

KniouoBi cioBa: enekTpompoBifHa KepaMika, KOMIIO3UTHa KepaMika, TEXHOJOTIYHI IapaMeTpH, TPHUBAIICTh IOMEIY,
BOJIOTICTb TIPEC-MOPOIIKY, THCK IPECYBaHHI, TEMIIEpaTypa BUIATy, 00'€éMHa CTIHKICTb, MIHICTh Ha 3T'MH, BOJOIOTINHAHHSI.

I. B. THCAYYK, M. B. BEJIb, P. B. KPHBOFOK, A. B. 34XAPOB, B. B. BOJIOI]YK, H. C. MAHCTAT
OTPABOTKA TEXHOJIOT WA JEKTPOIMPOBOJAMIEN KEPAMUKH

B cratee paccMOTpeHO BIMSIHUE H3MEHEHHs TEXHOJOTMYECKMX IapaMeTpOB IPOM3BOJICTBA KOMIIO3MIMOHHOW KepaMHUKH Ha
yaeIbHOe 00BEMHOE CONPOTHUBIECHHE KOMITO3UIUHU U, CIE€A0BATENbHO, HA 3aIUTHBIE CBOMCTBA OT BO3ACHCTBHS AJIEKTPOMarHUTHOTO
n3mydenus. K TeXHoJornaeckuM napameTpam ObIIIO OTHECEHO CIOCO0 IPUTOTOBICHUS, BpEMsl YCPEIHEHHS CHIPhEBBIX MATEPHAIIOB,
JTaBJICHUE MPECCOBaHMS U BTOporo oOskura. Ha oCHOBaHMHM IPOBEIEHHOTO KOMIUIEKCA MCCIIEJOBAaHUM YCTAaHOBJIEHO CIIEAYIOIINe
TEXHOJIOTMYECKUE IapaMeTphl IPOU3BOJCTBA: JIMTEIBLHOCTh IOMoJa — 60 MHUH.; BIAXKHOCTb IIpecc mopomka — 6,2 %; naBiIeHue
npeccoBanus — 25 MIla; Temneparypa nepsoro ooxkura — 1060 °C; temneparypa Broporo ooxkura — 1060 °C. Paspaborannas
TEXHOJIOTHSI MOXKET OBbITh MCIIOIBb30BaHA HA TNPEANPUSATUAX, KOTOPBIE BBIMTYCKAIOMNX KEPAMHUUYECKYIO IUIUTKY IO CKOPOCTHOMY
pexxumy obskura. IlomydeHHbI MaTepHan MOXKeT OBITh MCIOIB30BAH AN 3aIIUTHI OMOJNIOTMYECKHX U TEXHHYECKUX OOBEKTOB OT
JEWCTBUSI 3IEKTPOMArHUTHOTO H3TydeHus. JlanbHelIIne HCClefoBaHHs HAMpaBlIeHbl HAa MOAOOD TIJIa3ypHOTO MOKPBITHS IS
pa3paboTaHHON KepaMUKH.

KnaroudeBble cjI0Ba: 3IEKTPONPOBOAAIIAs KEpaMHUKA, KOMIIO3HULHMOHHAS KEpaMHUKa, TEXHOJOTHYECKUE TapaMeTphl,
MIPOJIOJDKHUTETBHOCTE IIOMOJIA, TEMIepaTypa 00xura, 00beMHast yCTOHIMBOCTD, IIPOYHOCTH Ha U3THO, BOJOIOTTIOIIECHUE.

Introduction.

Human life takes place in conditions of increased
concentration of electromagnetic radiation (EMR) of
industrial, medical, research equipment, television and
radio stations, satellite and cellular communications, and
many others. EMR can cause certain functional
disturbances in the human body — in some cases
irreversible: increased fatigue, central nervous system
disorder, clouding of the lens of the eye, etc. In addition,
these emissions have an adverse effect on the technical
condition of electronic systems, up to and including their
disabling. Therefore, the development of materials that

effectively protect biological and technical objects from
the EMR effect is an urgent problem.

One of the directions of creating materials that
protect against the EMR is the introduction of electrical
conductance additives into the dielectric matrix. It was
preliminarily established [1] that silicon carbide should
be used as an electrical conductance additive, and a
ceramic mass for the production of facing tiles should be
used as a dielectric matrix.
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It is known that radio-absorbing materials (RAM)
are structural dielectrics that effectively absorb the
electromagnetic energy of radio waves [2, 3].

According to the classification, radio-absorbing
materials can be magnetic and non-magnetic. In turn,
non-magnetic radio-absorbing materials are subdivided
into gradient, interference and combined [4].

The general statement of the problem and its
connection with important scientific or
practical tasks.

It is known that the volume resistivity of electrical
conductance ceramics obtained by the composite method
depends mainly on the type of electrical conductance
additive (conductor, semiconductor). An important role
in the regulation of conductivity is played by the nature
of the distribution of the additive in the volume of the
dielectric matrix (uniformity, optimal grain size, the
presence of contacts between electrical conductance
particles).

The distribution of the electrical conductance
additive in volume is primarily influenced by the
technological parameters of production: the preparation
method, the time of raw materials averaging, the pressing
pressure, the temperature and duration of the first and
second calcination. By changing the technological
parameters of the composite ceramics production, it is
possible to influence the volume resistivity of the

composition and, consequently, the protective properties
against the effect of EMR [5-7].

Therefore, the task was set to study the influence of
technological parameters of production: preparation
method, averaging time of raw materials, pressing and
second calcination pressure on the following properties
of electrical conductance ceramics: volume resistivity —
lg pv, flexural strength — oq and water absorption — W.

Experimental part.

The process of grinding the components of the
dielectric matrix and the electrical conductance filler is
one of the most critical stages in the technology of
electrical conductance ceramics, since the conductivity
and physical and mechanical properties of the
composition depend on the homogeneity of the mixture
[6-8]. The authors found that the duration of grinding the
raw components significantly affects the volume
resistivity of the composition. The influence of grinding
duration in the range of 20 — 70 min on the volume
resistivity and physical and mechanical properties of
composite ceramics was investigated.

The technological scheme (Fig.1) for the
preparation of samples provides wet joint grinding as the
optimal method for homogenizing the initial components.
Then the slip is dehydrated to obtain a press powder,
semi-dry pressing, drying and calcination.

Raw

Electrically conductive additive

Water

Grinding

A

A 4

Y

Mixing of components and obtaining a slip

A 4

Slurry dehydration and pression powder production

Y

Pressing

A 4

Drying samples

h 4

Firing samples

A 4

Study of properties of samples

Fig. 1 Sample preparation scheme using slip method

A preliminary developed composition of electrical
conductance ceramics [9], in which silicon carbide acted
as an electrical conductance filler, was used in the study.

The technological parameters of the preparation of
the samples under study were:
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- grinding of the raw components — from 20 to 70
minutes with a step of 10 minutes;

- the moisture content in the press powder — 6.2%,
the calcination temperature — 1060 °C;

- the calcination duration — 30 minutes.

Fig. 2 shows a graphic interpretation the results of
the study of the grinding time effect.

As one can see from Fig. 2 the most optimal
grinding time, from the point of view of obtaining the
minimum value of specific volume resistivity, water
absorption and maximum value of flexural strength, is 60
minutes.

As follows from the literature data [6], the moment
of the highest homogeneity of the mixture coincides with
the moment of volume resistivity growth, i.e. with an
inflection in the dependence of volume resistivity on the
duration of grinding.
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Fig. 2. A graphical interpretation the results of the study
of the grinding time effect.

An increase in the duration of grinding over 60 min
has practically no effect on the properties under study.
Therefore, 60 minutes was chosen as the optimal
grinding time. It can be stated that the values of other
investigated properties such as water absorption and
flexural strength are within the permissible limits of
GOST 6141-91. The decrease in the volume resistivity
and water absorption and the increase in the flexural
strength with an increase in the grinding duration are
explained by a more uniform distribution of silicon
carbide over the volume of the ceramic mass.

In particular, during minimum grinding time,
silicon carbide particles form small conglomerates of
uneven grain size, and with a maximum grinding time,
silicon carbide particles form a contact structure, due to
which there is a decrease in the volume resistivity and
improvement of physical and mechanical properties.

The pressing pressure, as well as the mass
concentration of silicon carbide, determines the volume
resistivity and the physic-mechanical characteristics of
the compositions [6, 7, 10]. The pressing process of
electrical conductance ceramic composite materials is
one of the most important technological stages.
Currently, tiles for interior wall cladding are made in a
semi-dry way from press powder with a moisture content
of 6 — 8 % at a specific pressure of 10 — 20 MPa.

The study of the pressing pressure influence on the
volume resistivity, water absorption and flexural strength
was carried out in the range of 5 — 35 MPa.

The preparation of the samples was carried out
according to the scheme given above, the calcination
temperature of the samples under study was 1060 °C, and
the duration was 30 minutes.

The dependence of the volume resistivity and
physical and mechanical properties of composite
ceramics on the pressing pressure is shown in Fig. 3.

It is known [6, 10] that during dynamic or static
pressing of electrical conductance mixtures, particles of
dispersed electrical conductance filler (in our case,
silicon carbide) approach each other. This improves the
contacting conditions and reduces the transition
resistance between them, which explains the decrease in
the volume resistivity of the studied ceramics with
increasing pressing pressure.

This makes it possible to obtain a composition with
a minimum content of an electrical conductance additive
characterized by a stable electrical conductivity with.
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Fig. 3. Dependence of volume resistivity, water absorption
and flexural strength of composite ceramics on pressing
pressure

As one can see from Fig. 3, with an increase in the
pressing pressure, there is a decrease both in the volume
resistivity and in water absorption with a simultaneous
increase in the flexural strength of the composition. A
decrease in the volume resistivity is due to a decrease in
the contact resistance between the particles of the
electrical conductance additive as well as an increase in
the contact area of the silicon carbide particles.

At pressing pressure above 25 MPa, the change in
volume resistivity, flexural strength and water absorption
of the composition occurs insignificantly, therefore, the
pressing pressure equal to 25 MPa should be considered
optimal.

Ceramic tiles for interior wall cladding are
produced using the double-calcination technology. It is
known [11-14] that silicon carbide, when exposed to
high temperatures, undergoes oxidation producing
quartz, as a result an increase in the volume resistivity of
the composition occurs, and, therefore, the protective
properties decreasing.
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Therefore, further studies were carried out,
revealing the effect of the second calcination on the
volume resistivity and physical and mechanical
properties of composite ceramics.

For the study, samples were taken after the first
calcination, and the second calcination was carried out
according to the speed mode at a temperature of 1060 °C
during 30 minutes.

The properties of the specimens after the first and
second calcination are shown in Table 1.

Table 1 — Properties of specimens after the first and
second calcination

Volume resistivity, Ohm'm Watgr Flexural
absorption, |strength,
pv Ig pv % MPa
: 105
First [5.77 105 5.76 11 25
Second [8.84-10 5.95

Table 2 — Technological parameters for the production of
electrically conductive ceramics

Parameter Value
Method of preparation Slip
Mixing duration, min 60
Press powder moisture, % 6,2
Pressing pressure, MPa 25
First calcination temperature, °C

— 1060
Second calcination temperature, °C
First calcination time, min

—— - 30
Second calcination time, min
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Based on the complex studies carried out, the
technological parameters of the electrical conductance
ceramics production were established, the values of
which are given in Table 2.

Conclusions and perspectives of future
investigations in this direction

Human life takes place in conditions of high
concentration of electromagnetic radiation and can cause
certain functional disorders in the human body.
Therefore, the development of materials that effectively
protect biological and technical objects from the effects
of electromagnetic radiation is an urgent task.

The technological parameters of the electrical
conductance ceramics production were established:
duration of grinding — 60 min; moisture content of the
press powder — 6.2 %; pressing pressure — 25 MPa;
temperature of the first calcination — 1060 °C;
temperature of the second calcination — 1060 °C.

The developed technology can be used at
enterprises producing ceramic tiles according to the high-
speed calcination mode. Such ceramics can be used to
protect biological and technical objects from the action
of electromagnetic radiation.

Further research is aimed at selecting a glaze
coating for the developed ceramics.
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