Scientific Herald of Uzhhorod University
Series “Physics”

Journal homepage: https: //physics.uz.ua/en
Issue 47, 21-31
Received: 29.02.2020. Revised: 30.05.2020. Accepted: 25.07.2020

YK 537.311.6 + 666.3-184 +546.55/.59 + 546.28 + 546.221 + 546.151
PACS 82.45.Xy, 84.37.+q, 66.30.H-
DOI: 10.24144/2415-8038.2020.47.21-31

Influence of the Cation Substitution upon the Electrical Conductivity of the Superionic
Ceramics on the Basis of Microcrystalline Powders of (Cu,_ Ag ) SiS,I

I.O. Shender’, A.I. Pogodin, S.M. Bereznyuk, M.J. Filep, O.P. Kokhan, I.P. Studenyak

Uzhhorod National University
88000, 54 Voloshyna Str., Uzhhorod, Ukraine

Abstract

Purpose. The purpose of this study was to prepare the superionic ceramics, to study the frequency and temperature
dependences of electrical conductivity as well as to investigate the compositional behavior of the total electrical
conductivity, the ionic and electronic components of the electrical conductivity, and their activation energies for
ceramics based on (Cu,_ Ag ). SiS I solid solutions.

Methods. For preparing the ceramic samples the compounds on the basis of Cu,SiS,I, Ag,SiS.I and (Cu, Ag ).SiS.I
(x = 0.25, 0.5, 0.75) solid solutions were synthesised. Then, microcrystalline powders have been manufactured with the
help of grinding/disintegration of the synthesised compounds within the agate mortar down to the sizes approximately
from 10 up to 50 wm. Pressing of the samples was performed at the pressure of approximately 400 MPa, while annealing
was carried out at the temperature of 973°’K during 36 hours. Ceramic samples [which were manufactured on the basis
of the (Cu,_ Ag ).SiS I solid solutions] were manufactured in the form of disks having diameters at the level of 8 mm
and thicknesses at the level from 3 mm up to 4 mm. Investigations of the electrical conductivity of the ceramics on the
basis of the (Cu,_ Ag ),SiS I (x=0.25, 0.5, 0.75, 1) were performed with the help of the impedance spectroscopy method
within the range of frequencies from 10 Hz up to 2x106 Hz, as well as within the range of temperatures from 292’K up
to 383'K with the help of the following highly-precision LCR meters: Keysight E4980A and AT-2818. Measurements were
performed in accordance with the two-electrode method on the blocking golden contacts, which have been applied
with the help of the method of chemical precipitation from the relevant solutions.

Results. Frequency dependences of the total electrical conductivity have demonstrated an increase in the conductivity
in the course of increase in frequency for all ceramic samples. It was established that in the course of increase in the
silver content in the ceramics on the basis of the (Cu,_ Ag ), SiS.1, general electrical conductivity increases nonlinearly
at 100 kHz. Nyquist diagrams were constructed and their detailed analysis was carried out using the electrode
equivalent circuits. With the help of the Nyquist diagrams and the electrode equivalent circuits, contributions of
the ionic and electronic components to the general electrical conductivity were determined. It was demonstrated
that in the course of the increase in silver content, the ionic conductivity increases nonlinearly, while the electronic
conductivity nonlinearly decreases. Analysis of the concentration dependence of the ratio of the ionic conductivity to
the electronic one has shown that in the case of the cation substitution (Cu*—Ag"), this ratio nonlinearly increases.

Conclusions. Superionic ceramics on the basis of the (Cu, Ag ).SiS.I were prepared. Measurements of electrical
conductivity of the ceramic samples with the help of the impedance spectroscopy method within the range of frequencies
from 10 Hz to 2106 Hz, as well as within the range of temperatures from 292°K up to 383°’K were performed. Frequency
dependences of general electrical conductivity were obtained. Influence of the cation substitution (Cu*—Ag*) upon
the general electrical conductivity and upon the electronic and ionic components of the conductivity of ceramics on the
basis of the (Cu,_ Ag ) SiS, was studied on the basis of concentration dependences
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Introduction

Ceramic materials are widely used due to their
unique properties (structural, mechanical, chem-
ical, functional etc.). High values of hardness,
melting temperature, and modulus of elasticity,
as well as low coefficient of thermal expansion
of the ceramic materials do not limit sphere of
their application by the engineering problems,
but they expand this sphere essentially [1-4]. As
of today, ceramic materials are extensively used
in the following spheres and branches of industry:
medical industry, biochemistry, optics, thermo-
electricity, electronics, and electrochemistry [5-9].

Presently, there is essential development of
investigations of electrochemical ceramic materi-
als. This fact is connected with the studies and
improvements of the technologies for the elec-
trochemical storage of energy [10; 11]. Rapid de-
velopment of the above-listed technologies is con-
nected both with development of the alternative
power sources (electric cars), and with growth of
quantity of the portable electronic devices [12-14].

Electrochemical capacitors (supercapaci-
tors), accumulators, and fuel elements [11] are
utilized as the electrochemical energy storage
devices. The widest commercial distribution was
reached by the lithiumion batteries, which contain
liquid organic electrolyte [9, 15, and 16]. However,
combination of the chemically active lithium and
the highly flammable liquid decreases safety of
this device [15].

In the case of utilization of the solid elec-
trolyte instead of the liquid one, it is possible to
increase safety of accumulators, as well as to sim-
plify design and structure of the entire accumu-
lator [14; 17-21]. The solid electrolytes, which can
be used in the solid-state accumulators, are con-
ventionally separated in three groups in accor-
dance with their origination: inorganic (crystalline
or glass-ceramic) substances, organic polymers,
and hybrid materials. Oxides, phosphates, and
complex sulphides are utilised as functional sol-
id-state inorganic materials [17-19].

Because of efficiency of accumulators is in
direct dependence on properties of the working
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material, searches and improvement of new ma-
terials are highly topical problems. Sulphur-con-
taining solid-state electrolytes (among which it
isworth to note complex phosphorus-containing
sulphides Li* and Na*) attract essential atten-
tion due to their high ionic conductivity, which
is ensured by the specific features of their crys-
tallographic structure [14; 18; 22-25]. Because of
it is difficult to obtain the sulphur-containing su-
perionic compounds with ionic conductivity in
respect of the cations Li* and Na* in the crys-
talline state [24], therefore these substances are
usually obtained in the glass-ceramic form [23;
24; 26; 27].

Compounds of the argyrodite family [28-31],
which are characterised by high values of the ionic
conductivity, are considered as prospective supe-
rionic materials. Specific features of their crys-
tallographic structure (close-packed tetrahedral
structure) and high variability of chemical com-
positions [32; 33] promote manufacture of the
solid solutions on the basis of these compounds.

Purposes of this study are as follows: prepa-
ration and electrical investigations of the ceram-
ic samples on the basis of microcrystalline powders
of the solid solutions of (Cu, Ag ) SiSI, as well
as study of influence of the cation substitution
(Cu* — Ag™) upon electrical parameters of these
samples.

Techniques of the Experiments

Synthesis of Cu_SiS.I and Ag SiS.I has been per-
formed with the help of simple substances: cop-
per (99.999%), silver (99.995%), silicon/silicium
(99.99997%), sulphur (99.999%), as well as with
the help of the previously synthesised binary cop-
per (I) iodide and silver (I) iodide (which were
taken in accordance with their stoichiometric rela-
tionships) in the vacuumised (down to 0.13 Pa)
quartz vessels/vials. The binary copper (I) iodide
and binary silver (I) iodide were additionally
cleaned with the help of the methods of vacuum
distillation and of directional crystallisation, re-
spectively. The mode of synthesis of the Cu_SiS.I
and AgSiS.I has been included the stepped
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heating up to 723°K with the heating rate at the
level of 100’K/hour (soak during 48 hours), subse-
quent increase in the temperature up to 1470°K (for
the Cu,SiS.I) and up to 1230°K (for the Ag SiS.I)
with the heating rate at the level of 50°K/hour
and soak at this temperature during 24 hours.
Cooling has been performed in the mode of the
de-energised oven.

Alloys of the “Cu SiS I — Ag SiS.I” system
have been synthesised with the help of the direct
single-temperature method from the previously
synthesised tetrary Cu SiS.I and Ag SiS.I sam-
ples. The mode of synthesis has been included
the stepped heating with the heating rate at the
level of 100°K/hour up to 1023°K and soak at this
temperature during 24 hours, subsequent increase
in temperature up to 1470°K with the heating rate
at the level of 50’K/hour and soak at this tempera-
ture during 72 hours. The annealing temperature
was equal to 873’K; soak during 120 hours. Cooling
down to the room temperature has been performed
in the mode of the de-energised oven.

The synthesised compounds of the solid
solutions of (Cu,_ Ag ).SiS I (x=0.25, 0.5, 0.75,
and 1) have been used for manufacture of the
ceramic samples with the help of the method of
solid-phase sintering of the pressed microcrys-
talline powders having relevant chemical com-
positions. Microcrystalline powders have been
manufactured with the help of grinding/disin-
tegration of the synthesised compounds within
the agate mortar down to the sizes approximately
from 10 up to 50 um. Pressing of the samples has
been performed at the pressure of approximately
400 MPa, while annealing was carried out at the
temperature of 973’K during 36 hours. Ceramic sam-
ples of the solid solutions of (Cu,  Agx),SiS.I were
manufactured in the form of disks with diameters
at the level of 8 mm and thickness at the level of
3-4 mm. In order to determine sizes of the crys-
talline particles upon completion of the annealing
process, ceramic samples have been investigated
with the help of the method of the microstruc-
ture analysis with the help of the METAM-R1
metallographic microscope. In accordance with

results of the analysis of the obtained microstruc-
tures, histograms of distribution of the crystalline
particles by sizes were constructed, and it was
established that the ceramic samples are charac-
terised by the sufficiently uniform microstructure,
which is described with the help of distribution
of the crystalline particles within the sufficiently
narrow interval. It was established that upon com-
pletion of the re-crystallisation, average size of the
crystalline particles within the ceramic samples,
which were manufactured from the microcrystal-
line powders, is equal to 12 um.

Measurements of the electrical conduc-
tivity of the ceramic samples on the basis of the
(Cu,_ Ag).SiS.I (x=0.25, 0.5, 0.75, 1) have been
performed with the help of the method of the
impedance spectroscopy [34] within the range of
frequencies from 10 Hz up to 2 x10° Hz, as well as
within the range of temperatures from 292°K up
to 383’K, as well as with the help of the following
highly-precision LCR meters: Keysight E4980A and
AT-2818. Amplitude of the alternating current was
equal to 10 mV. Measurements were performed
in accordance with the two-electrode method on
the blocking (electronic) golden contacts. These
golden contacts have been applied with the help
of the method of chemical precipitation from the
relevant solutions [35; 36].

Results and Discussion

As concerns all ceramic samples on the basis of
the “(Cu,_ Ag ),SiS.I” compounds, it was estab-
lished that growth of the general electrical con-
ductivity is observed in the course of increase in
frequency (Fig. 1). It was also established that it
is the characteristic feature of the materials with
ionic conductivity in the solid-state condition [37].
On the basis of the obtained results, the con-
centration dependence of the general electrical
conductivity was constructed at the frequency
of 100 kHz. It is obvious from this concentration
dependence, that the cation substitution (Cu™ —
Ag™) causes monotone nonlinear growth of the
general electrical conductivity (Fig. 1).
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Figure 1. Frequency dependences of the general electrical conductivity at the temperature of 298'K
within the ceramic samples on the basis of the following (Cu,_Ag),SiS 1 compounds: (Cu,,,Ag,,.),SiS I (1;
(Cu, Ag,.),SiS.1(2); (Cu,.Ag, ), SiS.I (3), and Ag SiSI (4). The insertion within the Figure presents the
concentration dependence of the general electrical conductivity of the ceramic (Cu,_ Ag ),SiS.I samples
at the frequency of 100 kHz

In order to perform detailed investigations
of the frequency behaviour of the general electri-
cal conductivity, as well as investigations of the
ionic and electronic components of the general
electrical conductivity, the standard approach was
used with the help of the electrode equivalent cir-
cuits [34; 37; 38], as well as with the help of their
analysis at the Nyquist diagrams. In the course
of the analysis of all these samples, the parasitic
inductance of the relevant cell (which is approx-
imately equal to 2x10~*henry) has been taken into
account.

In accordance with results of the performed
analysis of the impedance spectra, the tempera-
ture behaviour and concentration behaviour of the
ionic and electronic components of the electrical

conductivity of the ceramic samples on the ba-
sis of the (Cu,_ Ag ).SiS.I were studied. It was
established that in the course of increase in the
quantity of the silver atoms, the ionic component
of the electrical conductivity in the course of the
cation substitution [in the course of the following
transition/transformation: (Cu, Ag, ), SiS.1 —
(Cuo.sAgo.5)7SissI - (Cuo.zsAgo.75)7SissI - Ag7SiSSD
increases nonlinearly, while values of the elec-
tronic component decreases nonlinearly (Fig. 2).
Ratio of the ionic component of the electrical con-
ductivity to the electronic component is very im-
portant characteristic of the superionic materials.
Concentration dependence of this ratio is presented
at the insertion within Figure 2.
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Figure 2. Concentration dependences of the ionic and electronic components of the electrical conductivity
at the temperature of 298°K within the ceramic samples on the basis of the (Cu,  Ag ) SiS.I. Insertion within
this Figure presents the concentration dependence of the ratio of the ionic component of the electrical
conductivity to the electronic component within the ceramic samples (Cu,  Ag ) SiS.I
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It is worth to note that in the case of sub-
stitution of the copper atoms by atoms of silver
within the ceramic samples on the basis of the
(Cul_XAgX)7SiSSI, ratio 0../0, increases non-
linearly, while for the Ag SiS.I compound, the
ionic component of the electrical conductivity
exceeds the electronic component by more than
3000 times.

Figure 3 presents temperature dependences
of the ionic and electronic components of the
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electrical conductivity in the Arrhenius coordi-
nates. It was established that these dependences
are dependences of the linear character, as well
as that they are described by the Arrhenius law,
and this fact demonstrates the thermoactiva-
tion nature of the electrical conductivity. With
the help of these dependences, it was possible to
calculate values of the energy of activation both
for the ionic component, and for the electronic
component of the electrical conductivity (Fig. 4).
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Figure 3. Fig. 3: Temperature dependences of the ionic (a) and electronic (b) components of the
electrical conductivity within the ceramic samples on the basis of the following (Cu,  Ag ).SiS.I samples:
(Cy, Ag,,.),SiS1 (1), (Cu  Ag, ),SiSI(2), (Cu,,Ag,..),SiS.I (3), and Ag SiS.1(4)

In the case of increase in the quantity of the
silver atoms in the ceramic samples which were
manufactured on the basis of the (Cu,_ Ag ) SiS,
nonlinear decrease in the activation energy of
the (Cu, Ag, ,),SiS.I compound was found at the
concentration dependence of the energy of ac-
tivation of the ionic component of the electrical
conductivity (maximum value of the activation

0.40 T T

energy E . is equal to 0.389 electronvolt). At
the same time, activation energy of the electronic
component of the electrical conductivity in the
course of the cation substitution (Cu* & Ag®)
increases nonlinearly at the concentration de-
pendence of the (Cu,.Ag,.).SiS.I compound (mini-
mum value of the activation energy E_, is equal
to 0.481 eV)).
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Figure 4. Concentration dependences the activation energy of the ionic and electronic components of the
electrical conductivity within the ceramic samples on the basis of the (Cu,_ Ag ) SiS I



It is worth to note that the ceramic samples,
which were manufactured on the basis of the
solid solutions of (Cu,_Ag ) SiS.I, are character-
ised by the complex and disordered micro- and
macrocrystalline structure. In the first turn, this
fact is connected with different sizes of the crys-
talline particles, with the nature of their distri-
bution, as well as with the complicated process
of the re-crystallisation in the course of anneal-
ing of these samples. The process of the re-crys-
tallisation includes the stage of coarsening and
agglomeration of the crystalline particles due to
the processes of the solid-phase diffusion, and
this re-crystallisation process is accompanied by
the process of occurrence of the microstructure
non-uniformities, which promote occurrence of
the micro- and macrodefects. This fact causes
additional events of occurrence of the internal
stresses within the ceramic material. In addition,
it is also necessary to take into account the pro-
cesses of the compositional disordering of the crystal
lattice within solid solutions of (Cu,  Ag ) SiS,
which were caused by the cation substitution
(Cu* = Ag™). Combination of the above-mentioned
specific features is responsible for the relevant
changes not only in the general electrical con-
ductivity, but in the ionic and electronic compo-
nents as well.

Conclusions

Compounds of the solid solutions of (Cu,_Ag).SiS1
were synthesised and relevant ceramic samples
were manufactured on the basis of these com-
pounds with the help of the pressing and sintering
of the microcrystalline powders. In accordance
with the results of the microstructure analysis, it
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was established that due to the re-crystallisation
processes, average size of the crystalline particles
within the ceramic samples is equal to approx-
imately 12 um. Measurements of the general elec-
trical conductivity were performed on the manu-
factured ceramic samples with the help of the im-
pedance spectroscopy method within the range
of frequencies from 10 Hz up to 2 MHz, as well as
within the range of temperatures from 292°K up
to 383°K. It was established that the cation sub-
stitution (Cu* — Ag*) causes monotone nonlinear
growthofthegeneralelectricalconductivityofthe
ceramic samples on the basis of the (Cu,_ Ag ),
SiS_I compounds.

On the basis of the frequency dependences
of the general electrical conductivity, the Nyquist
diagrams were constructed. Subsequently these
diagrams have been analysed with the help of
the electrode equivalent circuits. With the help
of this approach, general electrical conductivity
was separated into the ionic and electronic com-
ponents. It was established that increase in the
quantity of the silver atoms (argentum) within
theceramicsamplesonthebasisofthe (Cu,  Ag ).
SiS.I compounds causes nonlinear increase in
the ionic component, nonlinear decrease in the
electronic component and nonlinear growth of
the ratio of the ionic component to the electronic
component.

It was demonstrated that temperature de-
pendences of the ionic and electronic components
of the general electrical conductivity of the ceramic
samples on the basis of the (Cu,  Ag ). SiS.I com-
pounds are described by the Arrhenius law, and
this fact confirms the thermoactivation nature
of the electrical conductivity.
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BIUIMB KaTiOHHOTO 3aMillleHH Ha eJIeKTPUYHY IIPOBiIHICTh CyllepiOHHOL
KepaMiK¥ Ha OCHOBi MiKpOKpHCTaliYHUX mOpoiukiB (Cu,_ Ag ). SiS.I

I.O. lllenzep, A.L ITorozin, C.M. bepe3HIOK, M.H. ®inen, O.I1. Koxan, LII. CryaeHAK

YKropoZicbKui HallioHaJIbHUY yHiBEpCUTET
88000, Byz1. Bosomuna, 54, M. Ykropoz, YkpaiHa

AHoTa1ia

Merta. MeToro I1h0T'0 Z0CTIKEHHS 6YJI0 MiATOTYBaTH CYTIEPiOHHY KepaMiKy, BUBYMTH YaCTOTHI Ta TEMITEPATypHi
3aJIeXKHOCTi €JIeKTPOIPOBIZHOCTI, a TaK0XK AOCTIJUTU MOBEAIHKY CKJIaZlly 3arajJbHOi el1eKTPOIPOBiIHOCTI,
i0HHOI Ta eJIeKTPOHHOI CKJIaZIOBUX €JIeKTPOIPOBIHOCTI Ta eHeprii IX akTuBalii A9 KepaMiku Ha OCHOBI
TBepAuX po3uuHiB (Cu,_ Ag ) SiS.I.

MeTtoau. /ljs npuroTyBaHHs KepaMidYHUX 3pa3KiB CUHTE30BAHO CIIOJYKU Ha OCHOBi TBepAUX PO3YHHIB
Cu,SiS I, Ag SiS.I ta (Cu,_ Ag ) SiS.I (x=0,25, 0,5, 0,75). TloTim 3a gomomMoro noapibHeHHs/Ae3iHTerpaii
CUHTE30BaHUX CIIOJIYK Y araTOBOMY PO3UMHi BUTOTOBJISIM MiKPOKPHCTAIiYHi ITOPOIIKY 10 PO3MipiB IPUOIHU3HO
Biz 10 0 50 MmxM. [IpecyBaHHs 3pasKiB IPOBOAMIH IIi/i TICKOM ITprbn3Ho 400 MIIa, a BiAman — 3a TeMIepaTypu
973K npotsrom 36 roauH. KepamiyHi 3pasku [BUTOTOBJIEHI HA OCHOBI TBepAuX posunHiB (Cu,_ Ag ). SiS.I]
BUTOTOBJISUIN Y BUTJISAZIi AVCKIB ZliaMeTpOM Ha PiBHi 8 MM i TOBITMHOIO Ha PiBHi Bizi 3 MM 710 4 MM. JlocitiyKeHHSA
eJIEKTPOIPOBiAHOCTI Kepamiku Ha ocHOBI (Cu,_ Ag ). SiSI (x=0,25, 0,5, 0,75, 1) mpoBoAM/IN 32 JOTIOMOT'OI0
MeTOZy iMITeZlaHCHOI CIEKTPOCKOTIil B AiamasoHi yactoT Bix 10 'y g0 2X10° I'1y, a TakoX B AiamasoHi
Temiepatyp Biz 292°K m0 383°K 3a 0IIOMOT0I0 TaKHUX BUCOKOTOYHUX BuMipioBauiB LCR: Keysight E4980A i
AT-2818. BumMiproBaHHs IIPOBOAMIU 3a ABOEJEKTPOAHUM METOZOM Ha OJI0KYIOUHX 30JI0TUX KOHTAKTaX, IO
HaHOCWIM 3a JIOIIOMOT'0I0 MeTO/y XiMiYHOT'O OCa/IP)KEHHS 3 BiZITIOBIIHUX PO3YHHIB.

Pe3ynbTaTH. YacTOTHI 3a/1€2KHOCTi CyMapHOI €/IEKTPOITPOBIIHOCTI IIPO/IEMOHCTPYBAIN 301TbIIIEHHS IIPOBIZIHOCTI
TIBIZ, Yac 30UIbIIEHHS YaCTOTH sl BCiX KepaMiYHMX 3pasKiB. BCTAHOBIEHO, 110 Y MPOIIECi 30UIbIIEHHS BMIiCTy
cpibna B kepaminii Ha ocHoBi (Cu,_ Ag ),SiS ] 3araibHa e/IeKTPONPOBIHICTh HeJliHIHO 3pocTae Ha 9acToTi 100 KI'1.
[TobymoBaHo Aiarpamu HatikBicTa Ta MPOBEAEHO iX JeTaJbHUM aHAJI3 32 JOIOMOTOK CXeM 3aMillleHHS
eJIeKTPOoZIiB. 3a ZiorioMorolo AiarpaMm HalikBicTa Ta cxeM 3aMillleHHsI eJIeKTPOZiB BUSHAUeHO BHECKU i0HHOI Ta
€JIEKTPOHHOI CKJIaZIOBUX y 3aTaIbHY €JIEKTPOIPOBiZIHICTh. [ToKa3aHo, IO Y IIPOoIleci 361IblIEHHSA BMICTY cpibia
iOHHA IIPOBIAHICTH 3pOCTa€e HeMHINHO, a eIeKTPOHHA — HETIHINHO 3MeHIIYEThCA. AHAJI3 KOHI[EeHTPaI[iiHO1
3aJIe’KHOCTI BiZIHOIIIEHH: i0HHOI ITPOBiIHOCTI ZI0 eJIeKTPOHHOI T0Ka3aB, 110 y BUTIaZIKy KaTiIOHHOT'0 3aMillleHHA
(Cu* - Ag") 11e ciBBiZiHOIIEHHS HETiHIHO 3poCTaE.

BucHoBKH. OTpuMaHoO cymnepioHHy Kepamiky Ha ocHOBi (Cu,_ Ag ) SiSI. IlpoBeseHO BHUMIpIOBaHH:S
€JIEKTPOIIPOBIHOCTI KepaMiYHUX 3pa3KiB MeTOOM iMITeZJaHCHOI CIIEKTPOCKOIIii B Aialla30Hi 4acToT Bij
10 'y o 2x10° T'ty, a Takok B Aiama3oHi Temmepatyp Big 292°K g0 383°K. OTpuMaHO 4acTOTHI 3a/I€XKHOCTI
3arajbHOi eJleKTPONpoBiZHOCTI. Ha 0CHOBI KOHIIEHTPALiTHUX 3a/Ie3KHOCTeH AOCTi/IXKeHO BIUTMB KaTiOHHOT'O
3aMminfeHHa (Cu*—Ag™) Ha 3arajbpHy €JeKTPOIIPOBiJHICTb, €JIeKTPOHHY Ta MOHHY CKJIaZ0Bi IPOBiJHOCTI
Kepamiky Ha ocHOBi (Cu,_ Ag ).SiS,

KirouoBi ci1oBa: TBepi po3unHy, KepaMiKa, eIeKTpPUYHA [TPOBIJHICTD, EHEPTis aKTHBallii, KOHIIeHTpalliiiHa
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AHHOTaIUA

Lens. enpio aTOro McCIeAOBaHUA ObLUIO TTOATOTOBUTD CYIIEPHOHHYIO KEPAMUKY, U3yYUTh YaCTOTHbIE U
TeMIepaTypHble 3aBHCHMOCTH 3JIEKTPOINPOBOAHOCTH, & TaK)Ke HCCIeZ0BaTh MTOBeJEHNe COCTaBa o0Iei
JIEKTPOIIPOBOAHOCTY, MOHHOH 1 3JIEKTPOHHOM COCTABJIAIOLINX JJIEKTPOITPOBOAHOCTH U SHEPTHH MX aKTUBALUN
AJIA KEPAMUKM Ha OCHOBE TBEpABIX pacTBOpoB (Cu, Ag ) SiS 1.

MeTtoapl. /i MPUTOTOBJIEHUS KePAaMUYECKUX 00pa3lioB CHHTE3UPOBAHBI COEMHEHUS HAa OCHOBE TBEDPABIX
pacrBopos Cu SiS.I, Ag SiS.I u (Cu_ Ag ) SiS I (x=0,25, 0,5, 0,75). 3aTeM MOCPeACTBOM U3MeTbYEHNsI/
Jle3HTerpalvii CMHTe3UPOBaHHBIX COeIMHEHUH B araTOBOM PacTBOPE M3TOTOBJIAIA MUKPOKPUCTAJLUTAYECKIEe
MTOPOIIKY /10 pa3MepoB MpUOIU3UTeTbHO OT 10 10 50 MxM. ITpeccoBate 06pasIioB IIPOBOMIH IO/ AaBIeHUEM
npumepHo 400 MIla, a oT:kur — mpu Temmeparype 973°K B Tedenure 36 yacoB. Kepamuueckue o6pasiibl
[M3rOTOBJIEHHBIE HA OCHOBE TBePABIX pacTBopoB (Cu,  Ag ), SiS 1] M3roToBsiiv B BU/E AVCKOB ANAMETPOM
Ha ypoBHe 8 MM U TOMIIUHOM 0T 3 MM 710 4 MM. VcciefoBaHue 371eKTPOIIPOBOHOCTY KEpaMUKHU Ha OCHOBE
(Cu,_ Ag),SiSI (x=0,25, 0,5, 0,75, 1) TmpoBOAMIN MOCPEACTBOM METO/A UMIIEAAHCHOW CIIEKTPOCKOIIUU B
nuamasoHe yactotT oT 10 'ty 1o 2% 10° I'ry, a Takke B AuamnasoHe Temieparyp oT 292°K 70 383°K ¢ moMoIbio
TaKUX BBICOKOTOUHBIX m3Mmepureneil LCR: Keysight E4980A u AT-2818. M3mepeHUe IPOBOJAWUIU IIO
JIBYX3JIEKTPOAHOMY METO/y Ha OJIOKMPYIONIHX 30I0ThIX KOHTAKTaX, KOTOpble HAHOCHIN C IIOMOIIBI0 METOa
XUMUYECKOTO OCAXKAEHUA U3 COOTBETCTBYIOIIHUX PACTBOPOB.

Pe3ysnbTaThl. YacTOTHBIE 3aBUCHMOCTY CYMMapPHOH 3JIEKTPOIIPOBOIHOCTH ITPOAEMOHCTPUPOBAIN YBeTMYeHNE
MIPOBOAIMOCTH BO BPEMS yBEIUYEHUS YaCTOTHI [JIsT BCEX KepaMHUUYECKUX OOpasloB. YCTaHOBJIEHO, YTO TIpU
YBEJIMYEHNM COZIepXKaHuA cepebpa B Kepamuke Ha ocHoBe (Cu_ Ag)SiSI obujas 31eKTporpoBOAHOCTD
HenmHelHOo Bo3pactaeT Ha yactoTe 100 kI'1. TlocTpoeHs! auarpaMmMbl HalikBricTa U poBeZieH UX JAeTaTbHBIN
aHa/i3 C TIOMOIIBIO CXeM 3aMellleHus a/eKTpozoB. C momolibio AuarpaMM HaiikBrcra u cxem 3aMelleHHA
JIEKTPO/IOB OTIpe/ieIeHbl BKJIAABl MOHHOH W 3JIEKTPOHHOM COCTABJISIIONIMX B OOIIYIO 3IEKTPONPOBOAHOCTD.
[TokazaHo, YTO B TIPOIIECCE YBEJIMYEHUsI COJEp)KaHUA cepedpa MOHHAs MPOBOAUMOCTb PACTET HETMHENHO,
a 2JIeKTPOHHAs HEJIMHEWHO yMEeHBIIaeTcsa. AHAIN3 KOHIIEHTPALMOHHON 3aBUCHMOCTYU OTHOIIEHWS WOHHOMU
IIPOBOAMMOCTH K 3JIEKTPOHHOM TI0Ka3aJ, YTo B ¢JIydae KaTUOHHOTrO 3aMelnenus (Cut — Ag*) 3To cooTHoLIeH e
HeJIMHEeHO Bo3pacTaer.

BeiBozBI. TlonydeHo cymepuoHHyto kepamuky Ha ocHoBe (Cu,_ Ag) SiS.I. IlpousBeneHo usmepeHue
3JIEKTPOINPOBOAHOCTH KEpaMUYECKUX 00pa3I0B METOZOM HUMIIEAAHCHOU CIIEKTPOCKOIMU B AWara3oHe
gactotT oT 10 'ty 1o 2X10° I't1, a TakKe B Auamnasone teMiepaTyp oT 292°K zo 383°K. [ToydeHbl 4aCTOTHBIE
3aBHCUMOCTH OOIIeli 3/IEKTPOITPOBOAHOCTH. Ha OCHOBE KOHIIEHTPAIIMOHHBIX 3aBUCHUMOCTEN KCCIEA0BAHO
BIHAHHE KaTHOHHOTO 3aMenieHusi (Cut—Ag") Ha 00IIyI0 3JIEKTPOIIPOBOHOCTD, 3JIEKTPOHHYIO M HOHHYIO
COCTaBJIAOIIKE IPOBOAUMOCTH KepaMuKky Ha ocHoBe (Cu, Ag ). SiS,
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