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ABSTRACT

This study reports the synthesis of CaTiO; and SrTiO; with a perovskite structure by a
combined route involving preliminary wet mixing of CaCO,/SrCO; carbonates and TiO,
in n-hexane, followed by a solid — state reaction during high-temperature calcination.
The phase composition and crystal structure of the obtained materials were examined
by X-ray diffraction with Rietveld refinement, while the microstructure and elemental
distribution were studied using SEM/EDX, and local structure and surface groups
were probed by ATR-FTIR spectroscopy. It is shown that the presence of the organic
solvent and the applied thermal treatment lead to the formation of single-phase
CaTiO; and SrTiO; with orthorhombic and cubic modifications, respectively, and with
crystallographic parameters with reference PDF cards. The average crystallite size
calculated using the Sherrer equation confirmed the nanocrystalline nature of the
powders, whereas SEM/EDX analysis reveals a highly porous microstructure and a
homogeneous elemental distribution without noticeable metallic impurities. It is
established that A-site cation substitution Ca?*/Sr?* in combination with n-hexane
wet mixing induces systematic changes in lattice symmetry, IR band positions and
agglomerate morphology, enabling targeted tuning of the texture and potential
functional properties of perovskite titanates. The proposed combined approach is
a technologically simple and scalable method for producing nanostructured oxide
perovskites that are promising as supports and active phases in catalytic systems for
combustion processes, plasma-chemical oxidation and functional ceramics.

1. Introduction

improve the quantum vyield and shift the spectral
sensitivity toward the visible region [2]. SrTiO; is also

Perovskite-type oxides with the general formula
ABO; are of particular interest in this context due
to their high thermal and chemical stability, as
well as their combination of electrical and catalytic
properties. Calcium and strontium titanates (CaTiO,
and SrTiO;) are considered classical model systems
for which it is relatively straightforward to describe
the correlation between crystal-chemical properties
and the microstructure of material [1].

Photo- and electrochemical energy conversion in
CaTiO; hasrecently been widely studied, in particular
its use as a photocatalyst for the degradation
of organic pollutants. A number of studies have
shown that modifications to the material structure
(including doping and heterostructure formation)

recognized as a promising material for electronics,
thermoelectric technologies, automotive fuel cells,
and hybrid solar cells, where it can serve an electron
transport layer and a thermally stable functional
compound [3].

CaTiO; exhibits orthorhombic perovskite-like
deformation at room temperature and belongs to
the Pbnm group due to the tilt and orientation of the
octahedral structure of TiOg4 [4]. In particular, SrTiO,
crystallizes in a nearly ideal cubic perovskite lattice
(space group Pm-3m), where Sr?* ions are localized
at the junctions of the cubic sublattice of the A-site,
and Ti* ions are in the center of the BO, octahedra.
Differences in symmetry sizes and lattice distortion
determine different dielectric properties, density
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of states at band boundaries, and charge transport
mechanisms. It is due to these characteristics that
the material is suitable for applications in electronics,
photocatalysis, and catalytic oxidation [5].

The structural stability of ABO; perovskites such
as CaTiO; and SrTiO, is usually characterized by
the Goldschmidt tolerance factor and its modern
modifications, which can predict stable composition
ranges and types of structural distortions [6]. The
examples such as CaTiO; and SrTiO; show that the
tilt angle of TiOg; octahedra decreases when the
A-site cation with a smaller radius (Ca%) is replaced
by a larger one (Sr**), and the structure tends to
approach the ideal cubic arrangement, accompanied
by changes in the band gap and phase-transition
behavior [7].

In practice, classical titanates are synthesized
by various methods, mainly chemical approaches
including sol-gel, polymer complexes, oxalate
and hydrothermal synthesis, whereas a relatively
simple and classical route is solid-state synthesis
using carbonates and TiO, [8]. Chemical methods
allow for fairly precise control over the morphology
and composition of the material, but practical
implementation often involves multistage solution
procedures, the use of organic reagents, and
complex heat-treatment regimes, which limits their
scalability [9]. Solid-phase synthesis from carbonates
and TiO, is generally simple and easy to implement,
but typically requires high temperatures and long
holding times to achieve a single-phase state,
and the degree of homogenization of the starting
mixture is also very sensitive to the properties of the
solid reaction [10].

The initial mixing method for the reagents (high-
energy milling, mechanochemical activation, and
wet mixing in organic solvents) significantly affects
the rate of the solid-phase reaction, the perovskite
formation temperature, the crystallite size, and the
morphology of the resulting powders.

High-energy and wet milling enhance diffusion
and shift the temperature range of perovskite phase
formation toward lower values. For CaTiO;/SrTiO,
systems, these methods are usually investigated
independently of each other and under different
experimental conditions [11].

A significant body of literature data supports the
modification of CaTiO; and SrTiO; by doping and
creating composites with g-C;N,, carbon materials
and transition-metal oxides, which reported to
improve their photocatalyticand catalytic properties.
Significant efforts are needed to understand the
fundamental aspects of phase formation and

microstructure of pure CaTiO5; and SrTiO; obtained
under the same conditions. Therefore, it is crucial
to conduct a proper comparison of their structural
and morphological properties and introduce rational
modifications in the future work of this paper [12].
Particular attention should be paid to the
comparative study of the effect of a simple wet
milling method in an organic solvent on the solid-
phase synthesis of two titanates under the same
thermal treatment. However, wet mixing of CaTiO,
and SrTiO; precursors is a relatively new direction,
and only a few studies have been carried out in
aqueous or alcoholic media, while more complex
systems have been explored using complexing
agents. There are limited data on the use of non-
polar solvents such as n-hexane to simplify process
engineering while maintaining high phase purity [13].
This study focuses on calcium and strontium
perovskite titanates, CaTiO; and SrTiO;, obtained
by solid-state methods from CaCO; and SrCO,
carbonates with TiO, after preliminary wet grinding
in n-hexane. The paper presents a simple and
reproducible process for them synthesis of CaTiO,
and SrTiO; under identical thermal treatments and
compares of the phase composition, microstructure
and IR spectra of the developed perovskites [14]. The
scientific novelty of this work lies in the systematic
comparison of the phase-formation processes
and structural-morphological features of CaTiO;
and SrTiO; synthesized under identical solid-state
calcination conditions with preliminary grinding in
a simple organic solvent. This approach facilitates
the analysis of the role of the A-site cation and of
homogenization conditions during the formation
of single-phase perovskite structures [15]. The
relevance of this work is determined by the fact that
the obtained data provide abasisforfurtherstudiesof
perovskite titanates as supports and active phases in
high-temperature catalytic oxidation, photocatalysis
and combustion processes, where heat-resistant
materials with controlled microstructure and high
chemical stability are required. Perovskite-type
oxides with the general formula ABO; are widely
employed as heterogeneous catalysts owing to
their compositional flexibility, high thermal stability
and tunable redox properties, as highlighted in
numerous recent reviews on perovskite-based
catalytic systems. In particular, such materials
have demonstrated excellent performance in key
processes, including the dry reforming of methane
and the total oxidation of hydrocarbons [3].
Although the present study is primarily devoted
to the synthesis and structural-morphological
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characterization of CaTiO; and SrTiO; powders,
these materials are known as promising catalysts
and photocatalysts for various oxidation and
reduction reactions. Numerous studies report that
perovskite titanates exhibit appreciable activity in
photocatalytic degradation of organic pollutants
and in oxidation of small molecules, which makes
the obtained powders potentially attractive for
such applications. A detailed evaluation of their
photocatalytic performance will be the subject of
future work.

2. Experimental
2.1. Materials and Methods

Calcium carbonate (CaCO;), strontium carbonate
(SrCO;) and titanium dioxide (TiO,, rutile) were
selected as starting reagents. Chemically pure
CaCO, («Reakhim») was used as calcium carbonate,
titanium dioxide TiO, (IV) (chemically pure) was
obtained from the same manufacturer («Reakhim»).
High-purity strontium carbonate, SrCO;, (grade 7-2)
was supplied by Krasny Khimik, Russia. The carbonate
and TiO, powders were weighed in a stoichiometric
ratio relative to the ABO5; composition, in which the
ratio of the A-position cation (Ca?* or Sr*) to Ti*
molar ratio equal to 1:1.

Homogenization was carried out using n-hexane
as a dispersion medium. The suspension was
prepared by mixing the powder components in a
specified ratio, adding n-hexane, and milling the
mixture in a ball mill with stainless-steel balls for
40 min, which ensured a high degree of contact
and homogenization and reduced the particle size
due to impact and friction [16]. In the combined
route, n-hexane thus serves as a non-polar
dispersion medium to promote wet mixing of the
starting powders and to improve the homogeneity
of the precursor mixture prior to calcination. The
use of a liquid medium facilitates more intimate
contact between the reactants compared to simple
dry mixing and is expected to affect both phase
formation and the resulting particle morphology.

After evaporation of n-hexane, the dried mixture
was heated in two stages in a corundum crucible
in air. The initial calcination step involved heating
the material to 900 °C at a rate of 3-5 °C/min and
holding for 2 h to decompose the carbonates and
activate solid-state interactions [17]. The product
was then cooled in the furnace and ground in an
agate mortar to obtain a homogeneous powder,
which was subjected to further treatment. In the

second calcination step, the material was heated to
1350 °C with a gradually increasing temperature and
held for 6 h to form and crystallize the perovskite
phase, after which it was cooled in the furnace to
room temperature. [18].

2.2. Characterization Methods

The crystal structures of the synthesized calcium
and strontium titanate samples were studied using
X-ray diffraction (XRD). At room temperature, the
diffraction patterns of the crystals were measured
on a Miniflex 600 diffractometer (Rigaku) using Cu
Ka radiation (U =30 kV, | = 10 mA) at a count rate of
1000 counts/s and a time constant of 5 s. The data
were collected in the 26 range from 5° to 90° . Phase
analysis and Rietveld refinement were carried out
using the PDF-5+ database.

The IR spectra of the CaTiO; and SrTiO; samples
were obtained using Fourier transform infrared
spectroscopy (FTIR-ATR) on a Bruker spectrometer
(Application Note Team, Germany) in the spectral
range of 4000-400 cm™. Powder samples directly
pressed onto the ATR crystal were used to acquire
the spectra. The spectra were processed using the
standard (Bruker OPUS) with baseline correction
and intensity normalization.

The morphology and microstructure were
examined using a Thermo Scientific™ Axia™
ChemiSEM™ scanning electron microscope at an
accelerating voltage of 20 kV, a working distance of
approximately ~11 mm, and various magnifications.
A Bruker scanning electron microscope (SEM)
(Application Note Team, Germany) was used to
obtain elemental distribution maps, perform
gualitative and quantitative analysis, and determine
the elemental contents in the samples.

3. Results and Discussion

The experimental X-ray diffraction patterns of the
synthesized CaTiO; and SrTiO; samples are shown
in Fig. 1a and 1b in comparison with the reference
data from the ICDD database. The positions of all
observed maxima are in excellent agreement with
the reflections of the corresponding perovskite
phases (PDF Ne01-077-8906 for CaTiO; and PDF
Ne01-090-6518) for SrTiO,.

In the case of the CaTiO; sample, the Rietveld
refinement of the powder diffraction pattern using
the PDF reference card 01-077-8906 shows that
the compound crystallizes in an orthorhombic
perovskite-type structure (ANX class ABX,;, space
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Fig. 1. Experimental X-ray diffraction patterns of the synthesized samples and reflection points from the ICDD data (a)
CaTiO;, (b) SrTiO;. The Rietveld refinement of the XRD profile is shown in the insets.

group Py, centrosymmetric). For this phase, the
crystallographic parameters are as follows: lattice
parameters a=5.3709 A, b =5.4280 A, c = 7.6268 A,
unit cell volume V = 222.35 A3, number of formula
units Z = 4, and calculated density p = 4.06 g/cm?, as
listed in Table X. The low value of the total R-factor (R
=0.01) and the absence of systematic features in the
difference curve indicate a high quality of the fit and
support the correctness of the structural model used.

Rietveld analysis of the SrTiO; sample, based
on the PDF reference card 01-090-6518, confirms
the formation of a cubic perovskite phase (ANX
class ABX;, space group Pm-3m, centrosymmetric
structure). All observed reflections are fully indexed
in a cubic unit cell with lattice parametersa=b=c=
3.9052 A and unit cell volume V =59.58 A*at 2 =1,
in agreement with the reference data for strontium
titanate (tausonite). The calculated density p is 5.11
g/cm3. The total R-factor of 0.275 corresponds to an
acceptable, though less perfect, agreement, with
some residual deviations at higher 26 angles, which
is sufficient for reliable phase identification and
confirmation of the perovskite structure.

It is therefore reasonable to conclude that both
samples crystallize in oxide perovskite structures of
the ABX; type, where Ca?*/Sr?* cations occupy the A
sites, Ti** occupies the B sites and oxygen forms the
X sublattice, in accordance with the ANX information
from the PDF cards and the overall stoichiometry of
the compositions.

The average crystallite size was estimated using
the Debye-Scherrer equation, which relates the
crystallite size to the broadening of X-ray diffraction
peaks.TheScherrerformulausedinthis calculationis:

Do KA
Pcosb

where: D — is the average crystallite size (also
called the «crystallite size»); k — is a dimensionless

coefficient in the calculations (usually taken to be
0.9); A — X-ray wavelength; B — i-s the full width of
the diffraction peak (also known as the «width») in
radians; 6 — is the diffraction angle.

Based on the broadening of the diffraction peaks,
the average crystallite size D was estimated using the
Scherrer formula, and the results are summarized
in Table 1. The obtained values are significantly
smaller than the particle sizes determined from the
SEM data, indicating the agglomeration of several
nanocrystallites into micrometer-sized particles.

Table 1. Crystallographic parameters of CaTiO; and
SrTiO; perovskites obtained by X-ray structural analysis

Sample CaTiO, SrTiO,
Space group Pbnm Pm-3m
Lattice parameters (A)
a (A) 5.3709 A  3.9052 A
b (A) 5.4280 A  3.9052 A
c(A) 7.6268 A 3.9052 A
Unit cell volume,V (A3) 222.35 59.58
Calculated density, p (g/cm3) 4.061 5.11
z 4 1
R-factor 0.01 0.275
DScherrer, nm 20 nm 41 nm

The IR spectra of CaTiO; and SrTiO; samples
obtained at 1350 °C were analyzed using the ATR
method in the range from 400 to 4000 cm™. The IR
spectrum of CaTiO; powder is shown in Fig. 2a.

An intense band is observed in the low-frequency
region of 400-800 cm™ at 638 cm™ for the CaTiO,
sample (Fig. 2a), which can be attributed to the
stretching vibrations of Ti-O bonds in TiO; octahedra,
typical of the CaTiO; perovskite lattice. The bands at
769 and 869 cm™ are assigned to O-Ti—O bending
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Fig. 2. IR spectra of CaTiO; and SrTiO; samples obtained at 1350 °C (a) CaTiOs, (b) SrTiO;.

vibrations and the splitting of vibrational modes
caused by the orthorhombic distrotion of the
structure. The bands in the region of 1045, 1095 and
1202 cm are associated with asymmetric stretching
vibrations of carbonate groups v;(CO;%) due to the
surface adsorption of CO,. Weak bands in the region
of about 1630-1650 cm™ and a broad band near
3400-3450 cm™ are related to bending and stretching
vibrations of H-O—H and O—H in adsorbed water and
hydroxyl groups. The absence of significant bands in
the range of 850-950 cm™ indicates the absence of
detectable unreacted TiO,.

The FTIR spectrum of SrTiO; (Fig. 2b) s
characterized by bands in the range of 733-767 cm?,
which correspond to Ti—O stretching vibrations in TiOg
octahedra of the cubic perovskite lattice of SrTiO;.
The bands at 825 and 917 cm™ are attributed to Ti-O—
Ti bending vibrations. A band characteristic of Ti-O
and surface hydroxyl groups vibrations is observed in
the range from 1091 and 1190 cm™. Bands at 1321,
1473 and 1494 cm™ correspond to v;(CO5%) carbonate
groups formed as a result of CO, adsorption on
the particle surface. The absence of characteristic
SrCO; and SrO bands, confirming the absence of the
corresponding impurity phases, is consistent with the

mag O | HV HFW
1330mm | 16000 % | 20.00kV | 25.9 ym

results of X-ray diffraction analysis and indicates the
stoichiometric formation of SrTiO; perovskite.

Scanning  electron microscopy of  the
microstructure of CaTiO; and SrTiO; samples
was performed at various magnifications. Loose
agglomerates of CaTiO; (Fig. 3a, b), formed from
small particles of predominantly plate-like and
irregular morphology, range in size from 0.1 to 0.3
um, while the average particle size, based on SEM
images used for analysis, is estimated to be ~0.2 um.
The microstructure is characterized by pronounced
porosity and the presence of inter-agglomerate voids,
indicating incomplete sintering under the chosen
synthesis conditions and leading to an increase the
specific surface area of the material [19].

The SrTiO; samples form relatively compact
aggregates (Fig. 4a, b) with nearly equiaxed
grains of approximately 0.2-0.5 um in size and an
average particle size of 0.3-0.4 um. In contrast, the
microstructure of SrTiO; is denser than that of CaTiO,,
with a smaller proportion of large pores and distinct
grain boundaries; the higher degree of densification
may be related to the specific features of the crystal
lattice and the grain growth mechanism during high
temperature calcination.

6.1 um

Fig. 3. SEM images of calcium titanate (CaTiO3) powder obtained at various magnifications: (a), (b) general appearance of

agglomerates and particle morphology.
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The discrepancy between the crystallite size
estimated from XRD (tens of nanometers) and the
particle size observed in SEM images (hundreds of
nanometers) indicates pronounced agglomeration.
For applications in photocatalysis, where high
external surface area and good dispersion are
crucial, further optimization aimed at suppressing
particle sintering (use of dispersants, milder thermal
treatment, post-synthesis grinding or milling or high-
energy milling) would be necessary.

Energy-dispersive X-ray (EDX) elemental mapping
was performed to analyze the microstructure and
the spatial distribution of oxygen, calcium, and
titanium in the CaTiO; sample. No local enrichment
or depletion of any of these elements was detected,
indicating a uniform of distribution of cations and
oxygen. Quantitative elemental analysis shows
that the oxygen, calcium and titanium atoms are
homogeneously distributed within agglomerates
of approximately 30u (see Fig. 5a). Similarly, for
the SrTiO; sample (Fig. 5b), the EDX maps reveal
a homogeneous spatial distribution of oxygen,
titanium, and strontium within regions of about 40

um (Fig. 5b). Quantitative elemental characterization
of SrTiO; confirms that these elements are uniformly
distributed across the probed areas. In both cases,
SEM observations indicate that the powdered solids
consist of aggregates built from nanometer sized
primary particles, consistent with the nanocrystalline
character inferred from XRD.

The elemental distribution with qualitative and
guantitative analysis was determined by scanning
electron microscopy. Spectral data with elemental
analysis results for (a) CaTiO; and (b) SrTiO; are
shown in Fig. 6.

It should be noted that the final calcination
temperature of 1350 °C is energy demanding. In
future work, the energy consumption can be reduced
by employing precursor based routes (e.g. citrate or
Pechini-like methods, sol-gel synthesis) that provide
intimate mixing at the molecular level and allow
perovskite phase formation at lower temperatures
(typically 900-1200 °C), by introducing aliovalent
dopants to enhance cation diffusion, as well as by
optimizing the dwell time and heating rate during
the thermal treatment.

Fig. 4. SEM images of strontium titanate (SrTiO;) powder at different magnifications: (a), (b) general view of agglomerates

and particle morphology.

= ;
11.1330 m: B000 >«  20.00kV 104 um xia miSEM

m | 7000x | 2000V | 118um

Fig. 5. (a) superimposed elemental distribution map corresponding to the CaTiO; sample (in order of distribution and color
scheme of O, Ca, and Ti); (b) superimposed elemental distribution map of the SrTiO; sample (in order of distribution and

color code of O, Ti, and Sr).
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Fig. 6b. EDX spectrum of the SrTiO3; sample. Inset: integrated elemental analysis results.

4. Conclusion

This study presents an optimaland technologically
feasible solid-phase method for the synthesis
of calcium and strontium perovskite titanates,
where preliminary wet milling of the reactants in
n-hexane allows the preparation of nanocrystalline
powders with controlled crystal structures. Using
the Rietveld method and X-ray diffraction analysis,
it was established that a two-stage heat treatment
ensures almost complete conversion of the starting
carbonates and TiO, into single-phase perovskite
products: CaTiO; crystallizes in the orthorhombic
Pbnm structure, whereas SrTiO; adopts the cubic
Pm-3m structure. IR spectroscopy of the materials
also showed that these target phases are formed,
as evidenced by characteristic Ti-O and Ti—O-Ti
stretching and bending vibrations and the absence
of bands attributable to residual TiO,, SrO or CaCO,.

The average crystallite size, determined using
the Scherrer equation based on the XRD peak
broadening, confirms that the obtained titanates are
nanocrystalline, with crystallite sizes on the order
of tens of nanometers, which is consistent with
literature data on perovskite oxides synthesized
at comparable temperatures. Scanning electron
microscopy (SEM) revealed porous secondary

agglomerates formed by submicron particles: CaTiO,
consists primarily of plate-like particles with a
looser microstructure, whereas SrTiO; is composed
of a denser system of nearly equiaxed grains.
Energy-dispersive X-ray analysis confirmed the
homogeneity of the synthesized powders and the
absence of significant amounts of foreign metallic
impurities, which corroborates the XRD data
indicating the single-phase nature of the samples.

A comparison of the structural, spectral
and microstructural properties of CaTiO; and
SrTiO; obtained by the same combined method
demonstrates that substitution of the A-site cation
leads to systematic changes in crystal symmetry
parameters, degree of sintering and powder texture,
which is fundamental for the design of perovskite
compounds with tailored functional properties. The
synthesized nanocrystalline porous powders with
a uniform elemental distribution are promising as
functional ceramics, high-temperature catalytic
and sorption materials, and as model systems for
studying the relationship between composition,
microstructure and performance characteristics of
perovskite titanates. The employment of n-hexane
as a dispersion medium in the wet mixing step is
expected to contribute to a more homogeneous
distribution of Ca/Sr and Ti species in the precursor
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mixture, which in turn may facilitate perovskite phase
formation and influence particle agglomeration.
A systematic comparison with other solvents and
dry-mixed precursors will be addressed in future
work.
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KoMm6uUHUpPOBaHHbIN cUHTE3 nepoBckutoB CaTiO; u SrTiO; B NPUCYTCTBUM H-T€KCaHa: B/IUAHME Ha
dopmupoBaHMe CTPYKTYPbl U MUKPOCTPYKTYpPbI

X.A. 96gimombiHt’, M.M. MaTtaes?, }.U. TypcbiH?, A.H. Topraesa?, K. PamauaHgpaH?, A.A. bakubaes?

1Ka3axCKuit HaLMOHaNbHbIN }KEHCKUI NegarorMyecknii yHusepcuTeT, ya. AiiTeke 6u, 99, Anmatbl, KasaxcraH
2SRM UHCTUTYT HayKu 1 TexHoaoruii, YenHau, MHaua
3TOMCKMI NONUTEXHUYECKMI yHUBEpCUTeT, np. JleHnHa, 30, TomcK, Poccua

AHHOTAUMA

B paHHOM paboTte cuHTesmpoBaHbl CaTiO; u SrTi0; KOMBMHMPOBAHHBIM METOAOM C MEePOBCKUTHOM CTPYKTYpOW
npeaBapuTeNbHbIM MOKPbIM CMelluBaHneM KapboHatos CaCO;/SrCO; M auvoKcuaa TuTaHa TiO, B H-rekcaHe ¢
nocneayowen TeepaodasHoN peakumeinl nNpu BbiCOKOTEMNEpPaTypHOM oTxure. Pa3oBbl COCTaB U KpUCTaanMyeckas
CTPYKTYpa MOJIlyYEHHbIX MATEPUA/IOB U3YyYEHbl METOLOM PEHTIEHOBCKOM ANPPAKTOMETPUU C PUTBE/bL — YTOUHEHWEM,
MUKPOCTPYKTYPa ¥ 3/IEMEHTHOE pacnpegeneHune ¢ ucnonbsosaHmem SEM/EDX, a noKanbHas CTPYKTypa M MOBEPXHOCTHbIE
rpynnbl metogom ATR-FTIR-cnekTpockonuu. MoKasaHo, YTO MPUCYTCTBME OPFraHMYECKOro pacTBOpUTENA U TepmMoobpaboTKa
obecneunBatoT dopmmpoBaHme ogHodasHbix CaTiO; u SrTiO; ¢ opTopombuYeckon u Kybuueckon moguduKaumamm u
KpucTannorpadpuyeckMmm napameTpamu, COrNacyroLMMUCA C 3TasoHHbIMKM PDF-KkapTtamu. PacuyeT cpepHero pasmepa
KPUCTaNINTOB Mo ypaBHeHuio LLleppepa noaTsepKaaeT HaHOKPUCTANIMYECKMIA XapaKTep NoayYeHHbIX nopoLuKkos, SEM/EDX-
aHaNun3 BbISBAAET PA3BUTYIO MOPUCTYHO MUKPOCTPYKTYPY U OAHOPOAHbIN 31EMEHTHbIN cOCTaB 6e3 3aMeTHbIX MeTalJInYyeCcKuX
npumecei. YcTaHOBAEHO, 4TO 3amelleHne A-KaTvoHa Ca?*/Sr?* ¢ MCrno/sb30BaHMEM H-TreKcaHa Ha CTaAuuM MOKPOro
CMELWMBAHNA NPUBOAMUT K CUCTEMATUYECKMM M3MEHEHUAM B CUMMETPUU PELLEeTKK, NosioXKeHun nonoc B MK-cnekTpax u
Mopd0onorMm ariomepaTos, YTo NO3BOJIAET Lie/IeHaNPaBJeHHO BapbUpPOBaTb TEKCTYPY M NOTeHUMaNbHble GYHKLMOHAbHblE
CBOMCTBA MEPOBCKUTHbIX TUTAHATOB. MpeasoKeHHbI KOMOUHUPOBAHHbIW NOAXOA, ABAAETCA TEXHONOMMYECKMU NPOCTbIM U
MacwTabrupyembim METOLOM MOYYEHUs HAHOCTPYKTYPUPOBAHHbBIX OKCUAHbLIX NEPOBCKUTOB, MEPCMEKTUBHbIX B KayecTse
HOoCUTeNel N aKTUBHOM $asbl B KAaTA/IMTUYECKUX CUCTEMAX A/1A MPOLLECCOB FrOPeHUs, MAa3MOXMMUYECKOTO OKUCIEHUA U
bYHKUMOHANbHOM KepPaMUKK.

KnioueBblie cnioBa: NepOBCKUTHbIE TUTAHATbI, H-rekcaH, CaTiOs, SrTiO;, XRD, SEM, FTIR

CaTiO; kaHe SrTiO; NepoBCKUTTEPIH H-TeKCaH KaTbiCbIHAafbl 6ipiKTipinreH agicneH cuHTe3aey: KypbiabiMbl
MeH MUKPOCTPYKTYPACbIHbIH, Ty3inyiHe acepi

H.A. 96gimombiHt’, M.M. MaTtaes?, }.U. TypcbiH?, A.H. Topraesa?, K. PamauaHgpaH?, A.A. bakubaes?

1Ka3ak yATTbIK Kbi34ap neaarornkanblk yHuBepcuTeTi, ATeke 6u K., 99, AnmaTbl, KasakcTaH
2SRM fbI/IbIM ¥aHe TeXHON0ornANap UHCTUTYTbI, YeHHal, YHAicTaH
3ToMCK NoAMTEXHUKaNbIK yHUBepcuTeTi, JleHnH aaH,, 30, Tomck, Peceit

AHHOTAUMA

Ocbl kymbicTa CaCO3/SrCO; KapboHaTTapbl MeH TuUTaH Amokcuai TiO,-Hi H-reKcaH opTacbiHAa anApliH ana biAfandbl
apanacTbipy apKblibl NEPOBCKUT KypbinbiMbl 6bap CaTiO; xaHe SrTiO; maTepuangapbl CUHTE3AENA], OAaH KeliH XoFapbl
TemnepaTtypaza Kbi3gblpy KesiHae KaTTbl Gpa3anblK peaKkuma Kyprisingi. AnbiHFaH maTepuangapablH, ¢asanbik Kypambl MeH
KpUCTangblK KypblnbiMbl PUTBENbA Ty3€TYiMEH PeHTreHAiK AudpakTomMeTpma aaiciMeH 3epTTeni, MUKPOKYPbIIbIMbI MEH
3N1eMeHTTIK Tapanybl SEM/EDX apKbiaibl, an »eprinikTi KypbiabiMbl meH 6eTTik Tontapbl ATR—FTIR cnektpockonuacbiMeH
3epTTenai.OpraHMKanblK epiTKiWTiH NakAanaHblaybl }KaHE CaTbl/ibl TEPMUASBIK OHAEY HITUMKECIHAE OPTOPOMOTBIK KaHe
KyOTbIK MOAMdUKALUANAPbIHA COMKEC KeNeTiH KpucTannorpaduanbik napameTtpaepi bap 6ip ¢pasanbl CaTiO; KaHe SrTiO;
NepoBCKUTTEPIHIH, Ty3inyi KamTamacbi3 eTineTiHi KepceTingi. Leppep TeHaeyi 6oMbiHWA opTalla KPUCTANNUT e/WemiH
ecenTtey anblHFaH YHTaKTapAblH, HaHOKPUCTaNAbIK CcUMNaTbiH pacTaigpl, an SEM/EDX Tangaybl AambiFaH KeyekTiniri 6ap
MUWKPOKYPbIIbIMAbI }KIHE METaNNAbIK KOCNanapcbi3 6ipTeKTi 3/1eMeHTTIK Kypamabl KepceTTi. H-rekcaH KaTbICybIMeH Ky3ere
acbIpbINaThiH bIIFANAbI apanacTbipy KeseHiHae A-katnoHabl Ca?*/Sr2* aimacTbipy TOP CMMMETPUACBIHLIH, MK-cnekTpiepaeri
YKOMaKTapablH, OPHANACYbIHbIH, XaHe arperaTrap MoOpOdONOrMACbIHbIH, KyWeni e3repicTepiHe aKeneTiHi aHblKTanabl, 6yn
NMepPOBCKUTTIK TUTAHATAPAbIH, TEKCTYPAChl MEH bIKTUMAN GYHKLMOHANAbIK KACUeTTepiH MaKCcaTTbl TYPAE peTTeyre MyMKiHZIK
b6epepsi. ¥CbiHbIFAH BipIKTipiAreH TaCiN TEXHONOMMANBIK TYPFbIAAH KapanaibiM KaHe MacwTabTanaTblH, HAHOKYPbLINbIMAbI
NepoBCKUTTIK oKcuaTepai any agici 6onbin Tabblnagapl, onap OYHKUMOHANAbIK, KEPaMUKaga, KaTa/UTUKANbIK KoHe
NAa3MOXMMUANDBIK TOTbIFY NMpoLecTepiHae KONAaHYFa NepcrneKkTMBaabl MaTepuangap peTiHae KapacTbipblaaabl.
TyiiiH ce3aep: NepoBCKUT TUTaHATTapsbl, H-rekcaH, CaTiOs, SrTiO;, XRD, SEM, FTIR



