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Samples of ceramic systems Y203-ZrO2-SrTiOs and Y203-ZrO2-SrTi0s-BiScOs were obtained. It was es-
tablished that Y20s3-ZrO2-SrTiO; is two-phase: the phase with the cubic structure Pm3m , belonging to
SrTi0s, and the phase with the tetragonal structure (P42/nmc), belonging to Yo.05Zro.9502. The introduction
of the BiScO3 component into the Y203-ZrO2-SrTiOs system leads to the formation of three phases: the cu-
bic phase with the space symmetry group Fm3m , the cubic phase with Pm3m symmetry, and the tetrag-
onal phase with P4mm symmetry. The reflexes from the cubic phase of Fm3m belong to the cubic modifi-
cation of zirconia. The cubic phase of Pm3m and the tetragonal phase of P4mm belong to SrTiOs-BiScOs.
Using scanning electron microscopy, it was shown that the addition of BiScOs additive to the Y203-ZrO2-
SrTiOs ceramic system leads to a significant decrease in the grain size and greater homogeneity of the ma-
terial.

Based on the analysis of the results of studies of the specific electrical conductivity of the ceramic sys-
tems Y203-ZrO2-SrTiO3 and Y203-ZrO2-SrTi0s-BiScOs, the introduction of the BiScOs additive into the ce-

ramic system reduces the activation energy of the conductivity process from 1.5 eV to 0.82 eV.
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1. INTRODUCTION

One of the dynamically developing areas of hydro-
gen energy remains the development of solid oxide fuel
cells (SOFC) due to their high efficiency of converting
the chemical energy of hydrogen-containing fuel into
electrical energy, silent operation, low toxicity [1].
Among the wide range of materials for the production
of solid SOFC electrolytes in the high-temperature
region, ceramic materials based on Y203-ZrO:z are the
most popular [2-3]. However, Y203-ZrOz achieves high
conductivity at temperatures of 1000-1200 K [4]. To
reduce the operating temperature, two approaches are
applied: the use of thin-film coatings or the develop-
ment of new systems operating at lower temperatures.

One of the first systems of thin-film electrolytes is
the development of ZrO2:Y20s5/SrTiO3s heterostructures
[5], ensuring the presence of voids in the coating struc-
ture along the ZrO2:Y203/SrTiOs interfaces for the
transport of oxygen ions associated with the disorder-
ing of the oxygen sublattice near the interface, which
results to an increase in conductivity at lower tempera-
tures.

An increase in the conductivity of bulk ceramic sys-
tems based on ZrO2/SrTiOs is observed at temperatures
above 650 K [6, 7].

The creation of solid solutions of multicomponent
ceramic systems leads to the production of materials
with desired properties, including those with high oxy-
gen-ionic conductivity. The addition of BiScOs to the
Y203-ZrO2-SrTiO3 system can result in a solid solution
with high oxygen-ionic conductivity due to an increase
in the structural disorder of the material and high ionic
conductivity of Bi20Os [8].

The purpose of this work was to determine the in-
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fluence of BiScOs on the structure and electrical prop-
erties of the Y203-ZrO2-SrTiOs system.

2. DESCRIPTION OF THE OBJECT AND
METHODS OF STUDY

Obtaining samples of the Y203-ZrOz-SrTiOs ceramic
system with the composition 0.025 Y203, 0.475 ZrOg,
0.5 SrTi0Os3 consisted in the synthesis of SrTiOs from a
mixture of strontium carbonate SrCOs and titanium
dioxide TiO2 annealed at 1623 K for 2 hours. The next
step was to obtain a composition of 0.025 Y20s,
0.475 ZrO2, 0.5 SrTiOs from a mixture of powders of
synthesized strontium titanate and Yo.05Zro.9502, taken
in a stoichiometric ratio. The mixture of powders was
annealed at a temperature of 1623 K for 2 hours.

Samples of the Y203-ZrOz-SrTiO3-BiScOs ceramic
system with the composition of 0.025 Y203, 0.475 ZrOg,
0.3, 0.2 BiScOs were obtained according to the technol-
ogy developed by us earlier in [9-10] as follows: previ-
ously synthesized SrTiOs powder and Bi20s and Sc203
oxides taken in stoichiometric ratio, were thermally
treated at a temperature of 1523 K for 2 hours. The
thus obtained powder and powder of zirconium dioxide
stabilized with yttrium Yo.05Zr0.9502, taken in a stoichi-
ometric ratio, were mixed in an agate mortar with the
addition of ethyl alcohol for 4 hours. The received sus-
pension was dried at 373 K for 1 hour.

Compaction of samples with a diameter of 10 mm
and a thickness of 1 mm was performed by the method
of biaxial pressing at a pressure of 70 MPa. Sintering of
the samples was carried out at a temperature of 1543 K
for 2 hours in an atmosphere of air. The phase composi-
tion of the material obtained was determined using an
Rigaku Ultima IV X-ray diffractometer. The study of
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the microstructure was carried out using a Quanta 200
3D raster ion-electron microscope, and the measure-
ment of electrical conductivity o and dielectric charac-
teristics was performed on an Novocontrol Concept 43
impedance meter with alternating current.

3. DESCRIPTION AND ANALYSIS
OF THE RESULTS

The diffractogram of the Y20s3-ZrO2-SrTiOs ceramic
system obtained at room temperature is shown in Fig. 1.
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Fig. 1 — Diffractogram of the samples of the Y203-ZrO2-SrTiO3
ceramic system: A —tetragonal P42/nmc phase; 4 —cubic
Fm3m -phase; e — tetragonal P4mm-phase; m — cubic Pm3m -
phase

Based on the analysis of the diffractogram, it was
found that the obtained Y203-ZrOsz-SrTiOs ceramic sys-
tem is two-phase: a phase with a cubic structure (space
symmetry group Pm3m ) and a phase with a tetragonal
structure (P42/nmc). The reflexes from the cubic phase
belong to SrTiOs. The phase with tetragonal structure
belongs to Yo.05Zr0.950z.

The introduction of the BiScOs component into the
Y203-ZrO2-SrTiOs system leads to the formation of three
phases: the cubic phase with the space symmetry group
Fm3m, the cubic phase with the symmetry Pm3m , and
the tetragonal phase with the symmetry P4mm. Reflex-
es from the cubic phase of Fm3m are indexed as belong-
ing to the cubic modification of zirconium dioxide. The
cubic phase of Pm3m and the tetragonal phase of
P4mm belong to SrTiOs-BiScOs.

The SEM image of the sample surface of the ceramic
system Y203-ZrO2-SrTiOs (Fig. 2a, b) obtained in the
phase contrast mode indicates that there are two types
of grains in the sample structure: dark gray grains and
light gray grains with dimensions of several microme-
ters. By the method of determining the elemental com-
position, it was established that lighter areas correspond
to Y203-ZrOg2, dark areas —to SrTiOs.

The results of measurements of the impedance of
the Y203-ZrO2-SrTiOs and Y203-ZrOz2-SrTiOs-BiScOs
ceramic systems are presented in Fig. 4.

The impedance spectrum of the Y203-ZrOz-SrTiO3
ceramic system obtained at a temperature of 573 K
(Fig. 5a) clearly shows two arcs due to contributions
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from the grain volume, grain boundary, and growth at
low frequencies associated with blocking electrodes.

Fig. 2 - SEM-image of sample surface of the Y203-ZrOz-SrTiOs
ceramic system: a) thin section; b) chip

Fig. 3 - SEM-image of sample surface of the ceramic system
Y203-ZrO2-SrTi0;-BiScOs: a) thin section; b) chip

Fig. 3 a, b shows the SEM image of the sample sur-
face of the Y20s-ZrO:z-SrTi0Os3-BiScOs ceramic system.
In the presented images, grains of two types with sizes
of ~ 1 micron are observed: grains of rounded shape
and grains of rectangular shape. Using the definition of
the elemental composition, it was established that
grains of rounded shape correspond to the cubic Fm3m
phase of zirconium dioxide. Grains having rectangular
shape correspond to the compound of SrTiOs-BiScOs
solid solution.

The impedance spectrum of the Y203-ZrO2-SrTiOs-
BiScOs3 ceramic system is a single circle at high fre-
quencies and a blocking effect at low frequencies. The
impedance spectrum of ceramic materials has two semi-
circles indicating the contribution of the volume of
grains and boundaries to the conductivity of the materi-
al. The presence of one circle in the impedance spectrum
may be due to the high homogeneity of the obtained
ceramic material [11], which is confirmed by images on
the SEM image of a sample of the Y203-ZrO2-SrTiOs-
BiScOs ceramic system.

The results of studies of the specific electrical con-
ductivity of the ceramic systems Y203-ZrOz-SrTiOs and
Y203-ZrO2-SrTiO3-BiScO3 on an alternating current
with a frequency of 1 kHz are presented in Fig. 5.

The temperature dependence of the electrical con-
ductivity of ceramic systems Y203-ZrO2-SrTiOs and
Y203-ZrO2-SrTi03-BiScO3 is determined according to
the Arrhenius law:

o =0, exp(—Ea / kT), (1)
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Fig. 4 — The impedance spectrum of ceramic systems in coor-
dinates & (¢"): @) Y203-ZrO2-SrTiOs, b) Y203-ZrO2-SrTiOs-BiScO3

where oy is the pre-exponential factor; Eq is the activa-
tion energy of electrical conductivity; & is the Boltzmann
constant equal to 1.38-10-23 J/K.

The activation energy of the conduction process was
1.5 eV for the Y203-ZrO2-SrTiO3 system and 0.82 eV for
the Y203-ZrO2-SrTiOs-BiScOs system. Thus, we can
conclude that the introduction of the BiScOs additive
made it possible to reduce the activation energy approx-
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Fig. 5 — Dependence Ino=f(1/T) of samples of ceramic sys-
tems Y203-ZrO2-SrTiOs and Y203-ZrO2-SrTiOs-BiScOs

imately by 2 times, and also to use the ceramic system
Y203-ZrO2-SrTiOs-BiScOs for the production of solid-
state electrolytes.

4. CONCLUSIONS

1. It was found that Y203-ZrO2-SrTiOs is two-phase:
the phase with the Pm3m cubic structure belonging to
SrTiOs and the tetragonal phase (P42/nmc) belonging to
Yo.05Z1r0.9502. The introduction of the BiScOs component
into the Y203-ZrO2-SrTiOs system leads to the for-
mation of three phases: the cubic phase with the space

symmetry group Fm3m, the cubic phase with Pm3m
symmetry, and the tetragonal phase with P4mm sym-
metry. The reflexes from the cubic phase of Fm3m
belong to the cubic modification of zirconia. The cubic

phase of Pm3m and the tetragonal phase of P4mm
belong to SrTiO3-BiScOs.

2. Using scanning electron microscopy, it was shown
that the addition of BiScOs additive to the ceramic sys-
tem Y203-ZrO2-SrTiOs leads to a significant decrease in
the grain size and greater homogeneity of the material.

3. It has been established that the introduction of
the BiScOs additive into the ceramic system leads to a
decrease in the activation energy of the conduction
process from 1.5 eV to 0.82 eV.
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Bonue nomimku BiScOs Ha cTpyKTYypy Ta €1eKTPUYHI BJIaCTUBOCTI
cucremu Y203-ZrO2-SrTiOs

I.B. Cymxaucoral, M.H. dopunnes!?, }0.C. Hexpacosa2, B.M. Bepecuen3, A.H. Bacunnes!

1 BenieopoocbKuil 0epicasHuLli HAUIOHAIbHUL Q0CIOHUUbKLL YHIsepcumem, 8y, Ilepemozcu, 85,
308015 Beneopoo, Pocis
2 Beni2opo0cvKull 0epacasHuil mexnono2iuHuil ynisepcumem im. Illyxosa, sysn. Kocmiokosa, 46,
808012 Beneopoo, Pocis
3 Xapkisckuii hayionanvrull yuieepcumem im. B.H. Kapasina, na. Ceoboou, 4, 61022 Xapris, Yipaina

B po6oti orpumano 3pasku kepamiuaux cucreM Y203-ZrOz-SrTiOsz i Y203-ZrO2-SrTiOs-BiScOs. Beranos-
neso, mo Y203-ZrO:-SrTiOs e nBodhasHoo i ckIamaeThed i3 Basu 3 KybidHO0 cTpyRTypoio ( Pm3m ), mo Ha-

snexutb 10 SrTi0s, 1 dasu 3 TerparoHasbHOI0O CTPYKTypoo (P42/nmc), mo Hanexutsb 10 Yo.05Zross02. Bse-
nenns kommonenta BiScOs y cucremy Y203-ZrO2-SrTiOs npusBonuts 10 yTBOpeHHS TPHOX ¢das: KyOidHOL
¢asu 3 rpymomo cuMeTpii mpoctopy Fm3m , KyGiunoi gasu 3 cuMeTpiero Pm3m Ta TeTparoHasibHoi dasu 3
cumerpieo PAmm. Pediexcu Bin ky6iunoi dpasuy Fm3m HaexaTs 10 KybiuHoi Mogudikariii JioKkcumy mup-
ronio. KyGiuna ¢asa Pm3mi TerparonampHa pasa P4mm mHamexats o SrTiOs-BiScOs. 3a momomoromo
CKaHYyIOUOl eJIeKTPOHHOI MiKPOCKOIIi1 OyJI0 moKa3aHo, 10 AoaaBauus mnoboasku BiScOs no xepamivHoi cucre-
mu Y203-ZrO2-SrTiOs mprusBoauTh 10 3HAYHOTO 3MEHIIEHHS PO3MIPY 3epeH 1 OLiIbIIol OZHOPIIHOCTI MaTepi-
asty. AHauTi3 pe3ysIbTaTiB JOCIIIFKeHb IIUTOMOIL eJIEKTPOIIPoBiIHOCTI Kepamivuux cucreM Y203-ZrOz-SrTiOs 1
Y203-ZrO2-SrTi0s-BiScOs cBimunts, mo BBeneHHs qo6aBku BiScOs B KepaMiuHy cucTeMy 3MEHIIY€e €HEPTiio
axTHBaIii mportecy mposigHocri Bix 1.5 eB 1o 0.82 eB.

Kiouosi cnosa: Kepamiuna cucrema, Perrrenodasosuit crinazn, Mikpocrpyrrypa, [Iutoma esekrponposi-
ITHICTD.
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