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Abstract. The development of next-generation cellular
communications requires materials with high dielectric
properties at high frequencies. SrCoV,07 ceramics,
synthesized using Ultra Low-Temperature Co-Fired
Ceramic (ULTCC) technology, offer promising
characteristics. This study analyzed their crystal structure
using X-ray diffraction, SEM microscopy, and energy
dispersive spectroscopy. The results confirmed a single-
phase monoclinic structure (P 1 21/c 1) with lattice
parameters a=6.8360(7) A, b=14.823(2) A, c=11.271(1)
A, p=99.4610(5)°. The material exhibits potential for
microwave applications, including resonators, antennas,
and filters, due to its dielectric properties and
compatibility with aluminium electrodes.

Keywords: breg-Brentano survey geometry, Rietveld
method, low-temperature synthesis, thermal conductivity,
dielectrics, sintering.

1. Introduction

Materials that retain their stability at low
temperatures are classified as Ultra Low-Temperature Co-
Fired Ceramic (ULTCC). Such materials are used in
aerospace, electronics, oil and gas, and medical applica-
tions due to their unique properties: high mechanical
strength, resistance to temperature fluctuations, and good
electrical, chemical, and thermal conductivity. The Ultra
Low-Temperature Co-Fired Ceramic technology is an
important tool for the manufacture of microwave dielec-
trics, ceramic chips and multilayer devices, including
mobile communications, Wi-Fi, Bluetooth and fifth-
generation wireless networks. As noted by Ahmed ez al.',

" Department of Hydraulic Engineering, Water and Electrical
Engineering, Kherson State Agrarian and Economic University,
Kropyvnytskyi, Ukraine

Department of Automation of Production Processes, Central Ukrainian
National Technical University, Kropyvnytskyi, Ukraine
¥ zavodyannyiviktor@gmail.com
© Zavodyannyi V., Voloshyn M., Zubenko V., Kovalenko R.,
Bereziuk 1., 2025

the growing demand for wireless communications and the
congestion of the 3 GHz spectrum is leading to the need to
switch to millimetre waves with a frequency range of 30—
300 GHz, which offer a wide range for future wireless
communication systems. The efficient use of these high-
frequency bands requires the latest materials with high
microwave properties and a low-temperature coefficient
of frequency (zf), which is critical for applications in 5G
and other millimetre wave technologies. In recent years,
research efforts have been focused on finding materials
with a sintering temperature of 600 °C and below that are
compatible with aluminium electrodes.

Recently, several new ceramic materials have been
developed for use in ULTCC, which provide high
efficiency in microwave systems. For example, Varghese
et al’ in presented ULTCC materials with a sintering
temperature of 400 °C for the first time. In addition, Liu et
al’® doped BaV,04-based ceramics with LiF, demonstr-
ating a significant increase in the quality factor, reaching
16.800 GHz at a sintering temperature of 475 °C, which is
5.6 times higher than that of pure BaV,0s. Deng ef al.*
doped Ba;V,0g ceramics with Li,CO;, demonstrating
excellent microwave properties, reducing the sintering
temperature to 660 °C and reaching O %f=33.000 GHz and
7/=13 ppm/°C. The choice of lithium-salt additives for
ceramics, such as LiCo;zAsVO, provided high
microwave performance in the study by Huang ez al.”.

It is particularly important to develop materials for
co-combustion with aluminium electrodes, which
increases their stability and compatibility with existing
technologies. Vanadate-based compounds, such as
SrCoV,07, show promise for use in high-tech dielectric
materials. It is known that such compounds exhibit good
microwave characteristics: high dielectric constant, low
energy loss, and stability in different temperature regimes.
According to the results presented by Suresh and
Ratheesh®, SrZnV,0; ceramics sintered at 660 °C
demonstrated excellent microwave properties with
er=10.2, O0%f=31.900 GHz, =76 ppm/°C, and good
chemical compatibility with aluminium and silver
electrodes. In addition, the study by Huang et al.” of



Crystal Structure and Properties of Strontium Cobalt Vanadate Ceramics for Microwave Applications 197

(Mg xZny)V,04 ceramics revealed a significant impro-
vement in microwave properties when using Zn instead of
Mg, which allowed achieving high Qxf values (up to
15.300 GHz) and almost zero temperature frequency
coefficient (z/~3.4 ppm/°C).

Recent studies demonstrate a variety of approaches
to creating materials with high microwave performance
for ULTCC technologies and 5G applications. For
example, as noted by Zou et al.S, a Li,0-AlL05-B,05-
based glass-ceramic with 4 mol. % Al,O; added, sintered
at 650 °C, showed excellent microwave properties, which
indicates its promise. Another example is the work of Yu
et al’, where ATeMoOg (4=Mg, Zn) ceramics sintered at
660 °C and 650 °C showed high Qxf values up to
34.453 GHz with good chemical stability.

However, despite the significant progress in the
study of low-temperature ceramics, there are still
unresolved problems that limit its further implementation
in high-tech industries. For the SrCoV,0; compound,
which demonstrates promising dielectric properties, there
is no detailed data on the crystal structure and
microstructural parameters. It is not known how defects,
such as vacancies or the inter-nodal arrangement of atoms,
affect the physical and chemical properties of the material,
including its thermal conductivity, dielectric constant, and
stability at high temperatures. The study of these aspects
is important for optimizing ceramic parameters, ensuring
its  technological  compatibility =~ with  modern
manufacturing methods, such as the use of aluminium
electrodes, and improving its performance for use in
microwave devices and ULTCC technologies. The study
aims to analyze the crystal structure and microstructural
parameters of SrCoV,07 to determine their influence on
the functional properties of the material and develop
recommendations for its use in high-tech devices.

2. Experimental

2.1. Materials

To study the crystal structure of SrCoV,0;
ceramics and its properties, the methods of synthesis and
X-ray diffraction analysis were used, which provided high
accuracy in determining the phase composition and
parameters of the crystal lattice.

During the study, one of the key stages was the
preparation of high-quality samples to ensure the
reliability of the study results. The samples for obtaining
the diffractogram were prepared by solid-phase sintering,
the process is described in detail in Y.—T. Huang et al.
Highly pure reagents (>99.9 %, Alfa Aesar, USA) were
used to prepare the samples: SrCOs;, CoO, MgO, and
V,0s5. The required amounts of each component were

calculated based on stoichiometric ratios to ensure the
formation of a phase composition corresponding to
SrCoV,0;. Subsequently, the reagents were mixed and
ground in distilled water using a ball mill.

The reagents were mixed and ground in a planetary
ball mill for 24 hours with a material-to-ball ratio of 1:10.
The balls used in the grinding process were made of
zirconia to minimize contamination, and the inner surface
of the mill drum was lined with zirconia as well. This
choice was made to avoid any potential contamination
from materials like aluminum oxide, which could
significantly affect the phase composition of the resulting
material, especially if corundum balls had been used. To
ensure the integrity of the mixture and to monitor for any
potential contamination, the presence of foreign impurities
was regularly checked during the study. Specifically, X-
ray phase analysis was performed on the ground mixture
to detect any unintentional contaminants. The analysis
confirmed that the phase composition of the material
remained consistent with the expected results, without any
significant foreign impurities from the grinding process.

To ensure particle size control, laser diffraction
was used, which confirmed an average particle size of 1—
3 um. This particle size range was selected based on both
previous studies and literature, where finer particle sizes
(1-3 pm) have been shown to enhance the sintering
process and improve the homogeneity of phase
composition in ceramic materials'®. This range also plays
a crucial role in achieving desirable physical and
mechanical properties in ceramics, such as increased
density, phase purity, and structural integrity. Moreover,
smaller particles provide a higher surface area for
sintering, contributing to improved electrical and
dielectric properties, which are essential for microwave
applications.

After grinding, the resulting mixture was dried in a
vacuum dryer at 80 °C and then calcined in a muffle
furnace at 570 °C for 2 hours. This step was necessary to
remove volatile components and promote preliminary
reaction between the oxides. The powder obtained after
calcination was re-grounded with the addition of
polyvinyl alcohol. The polyvinyl alcohol was used as a
binder to improve the moulding of the samples.
Afterwards, the mixed powder was compressed into
cylindrical tablets of 11 mm diameter and 5 mm height at
20 MPa in stainless steel dies. The resulting “green”
cylinders were 5 mm high and 11 mm in diameter.

2.2. Methods

The pre-formed tablets were sintered in an oven
within a temperature range of 600 °C to 690 °C for a
duration of 4 hours. This temperature range was selected
based on previous studies indicating that sintering within
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this range is optimal for achieving a homogeneous phase
composition and stability in SrCoV,0; ceramics. The
choice of this temperature range was further supported by
research on similar microwave dielectric materials, such
as the SrZnV,0; ceramics, which demonstrated excellent
microwave properties when sintered at temperatures
around 660 °C’. Additionally, the holding time of 4 hours
was optimized to ensure sufficient diffusion and phase
stabilization, as well as to prevent defects that might occur
with insufficient sintering time.

This sintering duration was chosen based on the

successful results of other studies, where a similar
duration was employed to achieve optimal structural
integrity and dielectric properties’. The heating rate of
5 °C per minute was selected to avoid thermal stresses and
to ensure the gradual and uniform heating of the material.
Cooling was performed together with the furnace to
minimize the formation of thermal cracks, ensuring the
mechanical stability of the samples post-sintering.

The crystal structure was analyzed by X-ray
diffraction. The X-ray diffraction analysis was performed
on a diffractometer (Rigaku SmartLab) with a copper
anode (Cu Ko=1.5406 A). Spectra were recorded in the 26
range from 10° to 80° at a scan rate of 0.02° per second.
The calibration was performed using the LaB4 standard.
Following published data'’, the diffraction spectrum of the
obtained compound was in good agreement with the
spectrum from the ICDD PDF No. 00-044-0455 database,
which confirmed the success of the synthesis. The
spectrum from the ICDD database under the number 00-
044-0455 was used for further studies of the crystal
structure. The applied methods provided high-quality
SrCoV,0; samples suitable for further structural analysis
and confirmation of phase characteristics.

3. Results and Discussion

Materials that combine the properties of transition
metals and oxygen coordination polymers are attracting
considerable attention in modern science. The SrCoV,0,
compound is one of such materials characterized by unique
structural and physical properties. In this work, this
compound was synthesized, and its crystal structure was
investigated in detail. The experimental analysis was based
on the method of powder X-ray diffraction in the Bragg —
Brentano geometry, which uses copper-filtered radiation.

As a result of the X-ray diffraction analysis by the
Rietveld method, a model of the crystal structure of
SrCoV,0; was proposed and refined. The study deter-
mined that the structure of the material is characterized by
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a monoclinic crystal lattice with parameters: a=6.8359(7)
A, b=14.822(2) A, c=11.272(1) A, and an interplanar
angle £=99.461(5)°. The Rietveld method significantly
improved the accuracy of the structure description, as it
involves minimizing the discrepancy between the
experimental and calculated diffraction spectra. Reducing
the discrepancies provides a reliable refinement of lattice
parameters and atomic positions. This method is especially
effective for analyzing structures with possible defects that
are common in oxide materials, such as partial filling of
nodes, vacancies, or other microstructural anomalies.

Thus, in this case, the results showed a high
correspondence between the experimental and theoretical
data, which is confirmed by the value of the discrepancy
factor, where R=8.81 %, indicating the high accuracy of
the obtained model. This indicates that the structure of
SrCoV,0; was described in detail, and the analysis
methodology is correct and effective. The proposed model
made it possible to consider microstructural defects and
clarify the coordination features of atoms in the crystal
lattice.

The analysis of the Wickhoff coordinates and
occupancy factors (s.o.f.) for Sr, Co, V and O atoms
showed that oxygen atoms are central in the formation of
coordination polyhedra (data are given in Table 1). The
shortest distances between atoms confirm the presence of
strong interatomic interactions. For the O; atom, the
shortest distance to the Sry atom is 0.724 A, and to the Co,
atom, this distance is 1.342 A. Such short distances
indicate strong ionic bonds that stabilize the structure. The
coordination polyhedra VOg¢ and CoOg, formed by
vanadium and cobalt atoms, respectively, form the basis
of the crystal lattice.

Further analysis of the diffraction spectrum
confirmed that the structure of SrCoV,0 is characterized
by the partial filling of the crystal lattice units, indicating
the presence of microstructural defects. The main reasons
for this phenomenon are vacancies, inter-nodal
arrangement of atoms, and temperature effects that affect
the structural and functional properties of the material.

Vacancies occur when certain ions leave their
nodes in the crystal lattice, creating empty positions. For
example, in the structure of SrCoV,05, this can manifest
itself in the form of the absence of strontium or oxygen
ions, which disrupts the regularity of the coordination
grid. In the studied structure, the factor indicating such
defects is the observed change in the intensity of
diffraction peaks in the (0, 4, 2) plane with an interplanar
distance d=3.084 A. The decrease in intensity may
indicate local irregularities in the arrangement of atoms
caused by vacancies.
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Table 1. Microstructural parameters of the crystal lattice of SrCoV,0; compound

Atom Wyck. s.o.f. X y z
Sty 4e 0.209275 0.122155 0.120414 0.501564
Sr, 4e 0.179399 0.527571 0.256404 0.648855
Sr; 4e 0.161539 0.196746 0.675759 0.553697
Sry 4e 0.200287 0.497180 0.247762 0.272866
Srs 4e 0.119012 -0.292797 0.610710 0.134164
Srg 4e 0.247295 0.176112 0.484347 0.755804
Sr, 4e 0.132500 0.381970 0.392113 0.480994
Coy 4e 0.227362 -0.148564 0.200724 0.362482
Co, 4e 0.252782 0.812891 0.409631 0.218081
Co; 4e 0.207946 0.089734 0.105817 0.408612
Coy 4e 0.258264 0.229317 0.217403 0.784409
Cos 4e 0.303197 0.147336 0.926097 0.024523
Vv, 4e 0.147500 0.896313 0.454253 0.646762
Vv, 4e 0.286431 0.308685 0.298554 0.455740
V; 4e 0.604371 0.544907 0.117759 0.482428
Vv, 4e 0.314630 0.818972 0.169760 0.018566
Vs 4e 0.208603 0.233149 0.226834 0.204066
Vs 4e 0.370642 0.639161 0.522808 0.655132
V; 4e 0411971 0.904795 0.806300 0.844715
0, 4e 0.426800 0.583291 0.780079 0.236911
0, 4e 0.837270 0.533077 0.514067 0.194325
04 4e 1.000000 0.150003 0.894127 0.577588
0O, 4e 1.000000 0.722604 0.617851 0.477169
Os 4e 0.732981 0.704486 0.512678 0.794586
O 4e 1.000000 0.922533 0.273563 0.250789
0, 4e 1.000000 0.670331 0.444392 0.208873
Oy 4e 1.000000 0.663114 0.399992 0.538955
Oy 4e 1.000000 0.120972 0.073114 0.656842
O 4e 0.754000 0.168091 0.331908 0.031907

The interstitial arrangement of atoms implies that
individual atoms occupy intermediate positions between
lattice nodes. In the case of SrCoV,05, this applies to
cobalt or vanadium atoms, which can remain in
energetically favourable intermediate positions during the
synthesis process due to the non-equilibrium nature of
cooling. Such defects not only disrupt the coordination of
CoO¢ and VOg polyhedra but also reduce the overall
density of the material. This is manifested by the observed
deviations between the experimental and theoretically
calculated values of diffraction peaks for certain planes, in
particular (2, 0, 1).

Temperature effects also affect the orderliness of
the structure, as an increase in temperature during the
synthesis of the material increases the mobility of atoms.
For example, under conditions of high temperature
sintering in SrCoV,05, this leads to partial desorption of
oxygen and displacement of strontium atoms from their
nodes, causing vacancies or inter-nodal arrangement.
Additionally, this is confirmed by the values of the
mismatch factor R=8.81 %. Defects affect not only the
symmetry of the crystal lattice but also its physical and
chemical properties. For example, oxygen vacancies in

Co0Og polyhedra reduce the electrical conductivity due to a
deterioration in the efficiency of charge transfer between
coordination centres. Similarly, irregularities in the nodes
caused by the inter-nodal arrangement of vanadium atoms
can reduce thermal conductivity due to local phonon
scattering.

The proposed crystal structure model considers the
above factors. For this purpose, the values of diffraction
angles 26, interplanar distances d and peak intensities
were calculated. The data compared with the obtained
experimental data and reference values from the ICDD
database are given in Table 2.

For one of the most intense peaks at 26=28.9281°,
the calculated value of the interplane distance is
d=3.084 A, which corresponds to the plane with indices
(0, 4, 2). Similarly, for less intense peaks, high accuracy
of the results is observed: for 26=9.9313°, the calculated
d=8.899 A, and the experimental d=8.908 A; for
26=31.1936°, the calculated value **d=2.865 A
corresponds to the experimental d=2.862 A. The high
agreement between the calculated and experimental
values confirms the correctness of the proposed model
and the reliability of the analysis.
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Table 2. Calculated values (angle 26, interplanar distances and relative intensities) and reduced to ICDD for the
compound SrCoV,04

20.a1 20,6 deal obs Lar Lops H K L
1 2 3 4 5 6 7 8 9 10
1 9.9313 9.921(6) 8.89915 8.90841 2.68 1.01 0 1 -1
2 9.9313 8.89915 2.68 0 1 1
3 11.9259 11.936(1) 7.41488 7.40888 1.04 5.87 0 2 0
4 13.1136 6.74588 0.18 1 0 0
5 14.3455 14.339(3) 6.16922 6.17184 1.02 2.00 0 2 -1
6 14.3455 6.16922 1.02 0 2 1
7 14.4138 6.14015 6.21 1 1 0
8 15.3929 15.401(2) 5.75173 5.74874 1.64 2.98 1 1 -1
9 15.9243 15.932(7) 5.56096 5.55814 0.38 1.01 0 0 2
10 17.0155 17.030(7) 5.20672 5.20241 0.17 1.00 0 1 -2
11 17.0155 5.20672 0.17 0 1 2
12 17.4987 5.06403 6.10 1 1 1
13 17.7632 17.750(7) 4.98920 4.99291 2.56 1.01 1 2 0
14 18.5709 18.572(2) 4.77398 477374 7.81 3.97 1 2 -1
15 18.9261 18.935(3) 4.68519 4.68295 0.08 2.99 1 0 -2
16 19.6401 451644 0.17 0 3 -1
17 19.6401 4.51643 0.17 0 3 1
18 19.8579 4.46740 2.15 1 1 -2
19 19.9439 19.955(2) 4.44832 4.44586 0.21 3.98 0 2 -2
20 19.9439 4.44832 0.21 0 2 2
21 20.3600 4.35835 0.11 1 2 1
22 22.2823 22.28(2) 3.98651 3.98757 7.80 5.75 1 3 0
23 223124 22.36(3) 3.98119 3.97338 0.21 2.65 1 0 2
24 224311 22.45(2) 3.96039 3.95640 5.38 3.04 1 2 -2
25 22.9374 3.87412 0.03 1 3 -1
26 23.1137 23.116(3) 3.84496 3.84452 1.38 2.86 1 1 2
27 23.9892 3.70657 1.16 0 4 0
28 24.0728 3.69390 0.18 0 3 -2
29 24.0728 3.69389 0.18 0 3 2
30 244218 24.43909) 3.64188 3.63942 0.13 0.98 1 3 1
31 24.7373 24.747(1) 3.59615 3.59481 10.13 9.75 0 1 -3
32 24.7373 3.59615 10.13 0 1 3
33 25.3079 25.33(3) 3.51635 3.51316 2.01 1.67 0 4 -1
34 25.3079 3.51635 2.01 0 4 1
35 25.3743 25.39(2) 3.50731 3.50487 492 2.80 1 2 2
36 26.1362 26.147(1) 3.40677 3.40537 11.41 12.53 1 1 -3
37 26.1895 3.39995 0.07 1 3 -2
38 26.4087 26.404(2) 3.37222 3.37275 9.21 493 2 0 0
39 26.8698 26.881(3) 3.31539 3.31404 9.47 15.65 0 2 -3
40 26.8698 3.31539 9.47 0 2 3
41 26.9944 3.30037 4.10 2 1 -1
42 27.0961 27.01(1) 3.28821 3.29889 0.16 4.17 2 1 0
43 27.4359 27.435(4) 3.24826 3.24842 441 2.05 1 4 0
44 27.9775 27.974(6) 3.18659 3.18702 0.03 273 1 4 -1
45 28.1701 28.160(3) 3.16524 3.16638 10.26 4.97 1 2 -3
46 28.5906 28.582(2) 3.11963 3.12053 16.10 11.53 2 0 -2
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Continuation of Table 2

1 2 3 4 5 6 7 8 9 10
47 28.7737 28.85(3) 3.10020 3.09170 1.66 18.96 1 3 2
48 28.9281 28.9281 3.08401 100.00 0 4 -2
49 28.9281 28.9281 3.08401 3.08481 100.00 100.00 0 4 2
50 29.0680 28.97(1) 3.06948 3.07922 41.39 57.00 2 2 -1
51 29.2231 29.01(8) 3.05354 3.07540 3.58 10.06 2 2 0
52 29.2306 3.05277 131 1 4 1
53 29.5135 29.51(1) 3.02415 3.02490 1.00 10.63 2 1 -2
54 29.9419 29.55(2) 2.98185 3.02058 13.29 4.63 2 1 1
55 30.1133 29.952(3) 2.96527 2.98091 7.21 4.07 1 1 3
56 30.1133 2.96527 0.52 0 3 -3
57 30.7352 2.90667 0.52 0 3 3
58 31.0785 30.732(3) 2.87534 2.90693 3.44 4.09 1 4 -2
59 31.1936 31.079(7) 2.86499 2.87532 7.92 5.17 2 2 -2
60 31.1936 31.223(3) 2.86499 2.86233 7.98 12.99 0 5 -1
61 31.2901 31.362(5) 2.85638 2.84996 7.98 10.05 0 5 1
62 31.3463 2.85138 0.16 1 3 -3
63 31.7523 2.81585 12.85 2 2 1
64 32.0214 2.79279 3.28 1 2 3
65 32.1086 32.005(4) 2.78541 2.79417 6.85 8.92 2 3 -1
66 32.1729 32.160(5) 2.77999 2.78110 2.50 12.42 2 3 0
67 32.7370 32.167(6) 2.73336 2.78049 24.84 3.25 0 0 4
68 32.7494 32.738(4) 2.73235 2.73327 0.11 3.99 1 0 —4
69 32.7494 33.009(4) 2.73235 2.71146 3.35 5.86 0 1 —4
70 32.9732 2.71432 3.35 0 1 4
71 32.9942 2.71264 0.25 1 5 0
72 33.2342 2.69359 4.59 1 4 2
73 33.3048 33.252(8) 2.68805 2.69221 22.51 11.86 2 0 2
74 33.3766 33.35(1) 2.68243 2.68417 2.00 791 1 1 —4
75 33.4331 2.67802 13.72 2 1 -3
76 33.7946 33.409(6) 2.65020 2.67987 0.19 6.29 1 5 -1
77 33.9568 33.46(3) 2.63791 2.67609 1.19 3.70 2 1 2
78 34.1844 34.003(5) 2.62086 2.63443 1.92 3.36 2 3 -2
79 34.1844 34.196(5) 2.62086 2.62001 0.59 7.53 0 4 -3
80 34.2044 2.61938 0.59 0 4 3
81 34.2464 34.26(1) 2.61626 2.61533 3.20 1.27 2 3 1
82 34.2464 2.61626 0.47 0 5 -2
83 34.4273 2.60293 0.47 0 5 2
84 34.4273 2.60293 0.07 0 2 —4
85 34.5003 2.59759 0.07 0 2 4
86 34.5805 34.530(3) 2.59175 2.59543 3.47 3.40 1 5 1
87 34.9592 2.56453 0.80 1 3 3
88 35.0280 2.55965 228 1 2 —4
89 35.2396 35.048(3) 2.54477 2.55821 11.06 7.40 2 2 -3
90 35.4289 35.234(4) 2.53160 2.54518 7.04 424 1 4 -3
91 35.8126 35.431(3) 2.50536 2.53142 10.12 5.28 2 2 2
92 35.8994 35.88(2) 2.49949 2.50047 230 2.80 1 5 -2
93 35.9782 35.96(2) 2.49420 2.49517 1.27 3.44 2 4 -1
94 36.3300 2.47085 233 2 4 0
95 36.9141 36.350(2) 2.43308 2.46955 3.74 5.03 0 6 0
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1 2 3 4 5 6 7 8 9 10
96 37.0755 36.936(9) 2.42286 243172 3.51 2.04 1 0 4
97 37.0755 37.077(5) 2.42286 2.42279 2.03 4.01 0 3 —4
98 37.2484 241201 2.03 0 3 4
99 37.2484 241201 0.92 0 6 -1
100 37.4263 2.40096 0.92 0 6 1
101 37.5747 2.39181 0.16 1 1 4
102 37.6394 2.38785 0.18 1 3 —4
103 37.6594 37.656(3) 2.38663 2.38684 4.61 4.00 2 3 -3
104 37.8030 2.37789 0.06 2 4 -2
105 37.8859 2.37287 0.47 1 5 2
106 38.0165 2.36503 0.15 2 4 1
107 38.2305 2.35228 2.17 2 3 2
108 38.4007 38.226(8) 2.34224 2.35254 1.04 1.98 1 4 3
109 38.7832 38.414(8) 2.32002 2.34148 1.36 1.99 2 0 —4
110 38.8647 38.928(5) 2.31534 231173 0.76 2.00 1 6 0
111 38.8647 231534 1.43 0 5 -3
112 38.8962 231354 1.43 0 5 3
113 38.9281 231171 0.88 2 1 —4
114 39.1836 229723 0.89 1 2 4
115 39.4089 2.28461 0.26 1 6 -1
116 39.8126 39.406(5) 2.26237 2.28476 3.88 2.03 2 1 3
117 39.8950 2.25789 1.20 1 5 -3
118 39.8950 2.25789 0.05 0 6 -2
119 40.0240 2.25091 0.05 0 6 2
120 40.0784 2.24798 231 3 1 -1
121 40.1180 40.057(2) 2.24585 2.24912 12.01 6.99 3 0 0
122 40.3517 2.23338 1.25 1 6 1
123 40.4084 40.41(1) 2.23038 2.23036 0.34 4.14 2 2 —4
124 40.4797 2.22662 8.16 2 5 -1
125 40.5324 40.49(2) 222384 2.22605 1.12 2.03 2 5 0
126 40.5324 222384 0.50 0 4 —4
127 40.5566 2.22257 0.50 0 4 4
128 40.7129 2.21439 131 3 1 0
129 40.8493 2.20732 0.00 3 0 -2
130 40.9960 40.843(3) 2.19976 2.20762 8.32 6.87 2 2 3
131 41.0050 41.036(2) 2.19929 2.19770 031 8.83 1 4 —4
132 41.0050 2.19929 031 0 1 -5
133 41.0120 2.19893 031 0 1 5
134 41.0561 2.19667 6.01 1 1 -5
135 41.1851 2.19009 18.10 2 4 -3
136 41.2768 2.18544 0.08 3 1 -2
137 41.3288 41.314(3) 2.18281 2.18356 0.71 493 1 6 -2
138 41.4070 2.17887 5.34 1 3 4
139 41.4466 2.17688 0.21 2 4 2
140 41.9642 2.15121 0.61 3 2 -1
141 42.0079 2.14908 295 3 2 0
142 42.2148 41.999(8) 2.13902 2.14952 0.86 2.00 2 5 -2
143 42.4004 42.218(9) 2.13009 2.13886 1.82 1.95 2 5 1
144 42.4004 2.13009 0.08 0 2 -5
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Continuation of Table 2

1 2 3 4 5 6 7 8 9 10
145 42.4072 2.12976 0.08 0 2 5
146 42.5300 42.407(6) 2.12389 2.12977 2.57 2.98 1 2 -5
147 42.5756 42.59(2) 2.12173 2.12098 0.40 1.02 1 5 3
148 42.6859 2.11650 1.87 3 2 -2
149 42.7304 42.720(5) 2.11440 2.11490 249 4.02 2 3 —4
150 43.0534 2.09928 5.46 3 1 1
151 43.1613 43.145(4) 2.09428 2.09505 0.01 3.01 1 6 2
152 43.4635 2.08042 3.64 2 3 3
153 43.4635 43.485(4) 2.08042 2.07946 1.70 3.02 0 7 -1
154 43.7329 2.06823 1.70 0 7 1
155 43.9290 2.05945 2.17 3 3 -1
156 44.0095 43.955(5) 2.05586 2.05827 0.01 2.02 3 1 -3
157 44.0095 2.05586 0.54 0 6 -3
158 44.0813 2.05268 0.54 0 6 3
159 44.2288 2.04618 0.08 3 2 1
160 44.5100 2.03391 091 3 3 0
161 44.6471 44.51(1) 2.02797 2.03402 3.04 3.02 1 4 4
162 44.6471 44.630(6) 2.02797 2.02870 2.04 3.92 0 3 -5
163 44.6483 2.02793 2.04 0 3 5
164 44.6483 2.02793 0.17 0 5 —4
165 44.6537 2.02769 0.17 0 5 4
166 44.8153 2.02075 6.62 1 3 -5
167 44.8208 2.02052 4.86 3 3 -2
168 44.8677 44.8(1) 2.01851 2.02047 0.06 3.01 1 7 0
169 45.0774 44.9(2) 2.00961 2.01819 3.34 1.73 1 6 -3
170 45.1331 45.15(1) 2.00726 2.00657 0.13 1.00 1 5 —4
171 45.1770 2.00541 035 2 5 -3
172 45.2513 2.00229 0.24 1 7 -1
173 45.3690 1.99737 0.05 3 2 -3
174 45.3884 45.493(4) 1.99656 1.99221 0.00 2.99 1 1 5
175 45.4093 1.99569 0.90 2 1 -5
176 45.4585 1.99365 0.01 2 6 -1
177 45.4742 1.99300 023 2 5 2
178 45.5383 1.99034 2.14 2 6 0
179 45.7910 1.97994 0.53 2 0 4
180 45.8121 45.80(1) 1.97908 1.97976 2353 1.00 2 4 —4
181 45.8121 1.97908 0.05 0 7 -2
182 45.9292 1.97430 0.05 0 7 2
183 45.9702 1.97264 0.02 3 0 2
184 46.0117 1.97096 0.77 2 1 4
185 46.2410 1.96171 0.05 1 7 1
186 46.2629 1.96084 1.81 2 4 3
187 46.3583 1.95702 0.07 3 3 1
188 46.6592 46.285(5) 1.94510 1.95994 0.36 2.02 3 1 2
189 46.6781 46.695(3) 1.94436 1.94371 0.75 3.96 1 2 5
190 46.7828 1.94025 6.97 2 2 -5
191 46.8708 1.93681 0.58 3 4 -1
192 47.0528 1.92974 0.01 2 6 -2
193 47.0606 47.060(2) 1.92944 1.92946 7.00 592 1 7 -2
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1 2 3 4 5 6 7 8 9 10
194 47.2477 1.92224 1.84 2 6 1
195 47.2535 1.92201 0.05 2 2 4
196 47.3501 1.91832 0.05 3 4 0
197 47.3907 1.91677 1.89 1 6 3
198 47.6224 47.398(7) 1.90798 1.91651 2.02 1.95 3 3 -3
199 47.6278 47.62(3) 1.90778 1.90816 2.29 3.07 3 0 —4
200 47.6511 47.70(2) 1.90690 1.90500 0.10 3.96 3 2 2
201 47.6511 1.90690 4.29 0 4 -5
202 47.6573 1.90667 4.29 0 4 5
203 478110 1.90090 0.28 1 4 -5
204 48.0399 1.89237 2.21 3 4 -2
205 48.3542 48.057(6) 1.88080 1.89173 1.80 1.97 3 1 —4
206 48.6612 1.86965 1.31 1 5 4
207 48.7320 48.664(9) 1.86710 1.86955 0.04 2.02 1 7 2
208 48.7509 1.86642 0.60 1 0 -6
209 48.7693 1.86576 3.83 1 3 5
210 49.1214 48.784(6) 1.85321 1.86525 1.22 293 2 3 -5
211 49.1256 1.85306 2.94 0 0 6
212 49.1424 1.85247 2.21 0 8 0
213 49.1905 49.129(2) 1.85077 1.85295 0.25 1 1 -6
214 49.2763 1.84774 0.84 3 4 1
215 49.3053 1.84672 0.03 3 2 —4
216 49.3054 1.84672 0.19 0 6 —4
217 49.3205 1.84619 0.19 0 6 4
218 49.5294 1.83889 0.38 2 3 4
219 49.5294 1.83889 043 0 1 -6
220 49.5325 1.83879 043 0 1 6
221 49.5325 1.83878 0.32 0 7 -3
222 49,5585 1.83788 0.32 0 7 3

Table 3. Interatomic distances in the crystal structure SrCoV,0;
Atom, Atom, Distance A Atom, Atom, Distance A Atom, Atom, Distance A
1 2 3 4 5 6 7 8 9
-Sry 0.724 -Co, 1.786 -O;5 1.569
-Coy 1.342 -Coy 2.073 -Sr, 1.973
-Vs 1.538 -V, 2.091 -V, 2.046
-Sr, 1.687 -Co, 2.162 -Og 2.264
v, 2421 -V, 2373 -0, 2285
-V 2.656 -V 2.539 -0y 2.568
0, v, 2.659 05 St 2.584 Ve -0, 2.590
-Srs 2.947 -Sr, 2.791 -0, 2.851
-0y 2.969 -0y 2.932 -V, 2.974
-Sr, 3.006 -Sry 2.983 -Og 2.980
-0y 3.076 -V, 3.018 -Cos 3.043
Ve 3.106 -0, 3.056 “Cos 3.065
-0, 3.108 -Cos 3.160 -Sr, 3.092
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Continuation of Table 3

1 2 3 4 5 6 7 8 9
-Sr3 3.143 -V, 3.231 -0, 3.106
-Os 3.220 -0; 3.238 -0, 3.387
-Co, 3.221 -Oy 3.319 -Vs 1.124
-O¢ 3.360 -V, 3.320 -Coy 2.063
-Co, 3.425 -0, 3.360 -O¢ 2.091
-V; 3.458 -0, 3.485 -V, 2.260
-O¢ 3.485 -Cos 3.486 -0, 2.378
-0y 1.387 -Sr 1.057 -Oy 2.570
-Os 1.696 -Srs 1.544 -V, 2.574
-Srg 1.975 -0; 1.671 -0, 2.659
-Srs 2.048 -Oy 1.681 -Srs 2.814
-V 2.285 -Co, 2.151 -Sr3 2.838
-Co, 2.441 -Srg 2.331 V; -V, 2.878

0O, -Vg 2473 -0y 2.813 -Srg 2.889
-V; 2.503 -0y 3.050 -Sry 2.958
-0; 3.051 -V; 3.091 -Cos 2.984
-0y 3.065 Co;s -V, 3.144 -Sr, 3.059
-V; 3.097 -V, 3.157 -Co, 3.086
-Cos 3.291 -O¢ 3.160 -Cos 3.144
-Sry 3.493 -Coy 3.190 -Sry 3.254
-Co, 1.561 -Vs 3.200 -Sr 3.276
-Cos 1.671 -V, 3.228 -Og 3.332
-Sr 1.939 -Os 3.250 -0y 3.461
-V; 2.303 -0, 3.291 -Os 1.520
-Os 2.384 -0y 3.299 -Sr 1.887
-Oy 2.494 -Co, 3.354 -Oy 2.054
-0y 2.817 -Vs 1.230 -Co, 2.336
-V 2.953 -0, 1.342 -V 2.568
o, -0y 3.007 -Sry 1.927 -Coy 2.615
-0, 3.051 -V, 1.933 -Srg 2.735
-Srs 3.195 -V; 2.063 -Cos 2.813
-O¢ 3.238 -O¢ 2.073 0, -0; 2.817
-Sr3 3.268 -0y 2.615 -V, 2.847
-V, 3.297 Coy -Srs 2.719 -O¢ 2.932
-Co, 3.391 -Sr, 2.802 -0; 3.007
-Srg 3.415 -Sry 2.806 -Cos 3.050
-Sry 3.427 -Oy 2.901 -0, 3.065
-Sr 3.459 -0, 3.036 -0, 3.076
-Oy 0.824 -V 3.065 -Vs 3.087
Sty -Co; 1.057 -Co, 3.109 -0 3.240
-0y 1.887 -Cos 3.190 -Vg 3.340




206

Continuation of Table 3

Viktor Zavodyannyi et al.

1 2 3 4 5 6 7 8 9
-0; 1.939 -Os 3.215 -V; 3.461
-Srs 2.076 -Oy 3.350 -0 1.496
-Co, 2.519 -Co, 3.392 -Co, 1.598
-Os 2.888 -Sr 3.464 -Srs 1.958
-V; 2.933 -Co, 1.092 Srg -0, 1.975
-V, 3.014 o, -0, 1.387 -V, 2.144
-Vs 3.216 -V 1.453 -Cos 2.331
-Srg 3.249 -Srg 1.496 -0y 2.735
-V; 3.276 -Srs 2.631 -V 2.746
-0; 3.459 -Os 2.634 -V; 2.889
-Coy 3.464 -V; 2.716 -Cos 2.903
-Sry 1.448 -V 2.851 -0, 3.204
-0, 1.687 -O¢ 3.056 -Vs 3.220
-V 2.007 -Cos 3.070 -Sr 3.249
-Vs 2.216 -0, 3.108 -Os 3.350
-V, 2.509 -Sr, 3.170 -0; 3.415
-Og 2.702 -Sr3 3.219 -0, 0.931
-0, 2.760 -0y 3.240 -V, 1.486
-O¢ 2.791 -Sry 3.271 -Og 1.929

Sr, -V; 2.798 -Cos 3.299 -V 1.973
-Coy 2.802 -V, 3.478 -Coy 2.806
-Sry 2.828 -0, 1.485 -Sr, 2.828
-V, 2.878 -Sry 1.486 -0, 3.006
-Oy 2.903 -Coy 1.933 -V, 3.087
-Co, 3.058 -Oy 2.382 Sr, -V 3.092
-V; 3.059 -0, 2421 -Og 3.101
-Co, 3.158 -Sr, 2.509 -Sr3 3.135
-0y 3.170 -Sry 2.711 -V, 3.159
-Sr3 3.345 -Og 2.875 -Cos 3.215
-V, 0.809 -V; 2.878 -V; 3.254
-Cos 1.570 Vv, -Vs 2.953 -Cos 3.268
-Og 1.897 -Srs 2.959 -Vs 3.363
-Co, 2.111 -V 2.974 -Sry 3.363
-O¢ 2.584 -Vs 2.994 -Os 3.374

St3 -V, 2.838 -Sr 3.014 -Sr 0.824
-Sry 2.853 -V; 3.118 -Cos 1.681
-Co, 2.877 -Cos 3.228 Ou -0y 2.054
-V, 2.958 -O¢ 3.231 -Srs 2.341
-Sry 3.135 -Sr3 3.421 -V, 2.382
-0, 3.143 -Co, 3.449 -Vs 2471

Continuation of Table 3
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1 2 3 4 5 6 7 8 9
-0y 3.219 -Sr3 3.460 -0; 2.494
-0; 3.268 -V, 3.475 -V; 2.570
-0, 3.327 -V 1.717 -Co, 2.685
-Sr, 3.345 -Srs 1.991 -V; 2.824
-V, 3.421 -0; 2.303 -Coy 2.901
-Oy 3.423 -0, 2.503 -Sr, 2.903
-V, 3.460 -0y 2.716 -0, 2.969
-0, 0.724 -Sr, 2.798 -Os 3.055
-Sr, 1.448 V; -Oy 2.824 -0, 3.265
-Vs 1.870 -Sr 2.933 -V 3.309

St -Coy 1.927 -Co, 2.943 -O¢ 3.319
-Co, 2.563 -Co, 2.996 -Coy 3.350
-V 2.682 -Sry 3.024 -V, 3.373
-V, 2.711 -Cos 3.091 -Sr3 3.423
-Srs 2.767 -0, 3.097 -Sry 3.462
-Sr3 2.853 -V, 3.118 -0y 1.453
-V; 2.958 -Os 3.189 -Co, 1.526
-O¢ 2.983 -0, 3.458 -V; 1.717
-V; 3.024 -Sr3 0.809 -Sr, 2.007
-0 3.271 -Og 1.529 -0, 2473
-Co, 3.352 -Cos 1.531 -O¢ 2.539
-Sry 3.363 -V; 2.260 v -0, 2.656
-0; 3.427 -V, 2.344 ’ -Sry 2.682
-Oy 3.462 -Co, 2.638 -Srg 2.746
-V, 3.464 -Sr, 2.878 -0; 2.953
-0, 3.493 v -O¢ 3.018 -Os 3.216
-Cos 1.544 ! -Sry 3.087 -Oy 3.309
-Srg 1.958 -0, 3.220 -0y 3.340
-V; 1.991 -O¢ 3.320 -V, 3.456
-0, 2.048 -Vs 3.340 -V, 1.531
-Sr 2.076 -Oy 3.373 -Sr3 1.570
-Oy 2.341 -V 3.456 -Og 1.626
-Vs 2.492 -Sry 3.464 -V, 1.950
-0 2.631 -V, 3.475 -Co, 2.879

Sts -Coy 2.719 -V, 1.529 -Srg 2.903
-Sry 2.767 -Cos 1.626 -0, 2.938
-V; 2.814 -Sr3 1.897 Cos -V, 2.961
-0, 2.947 -Sry 1.929 -Cos 2.966
-V, 2.959 -V, 2.007 -0, 2.979
-Co, 3.174 0 -V 2.264 -V; 2.984
-0; 3.195 ’ -0, 2.626 -V 3.043
-Co, 3.294 -Sr, 2.702 -0 3.070
-V, 3.489 -V, 2.875 -Sry 3.215
-Cos 1.950 -V 2.980 -Sry 3.268

\ -Og 2.007 -Sry 3.101 -O¢ 3.486
-V 2.046 -Os 3.302 O, -Sry 0.931
-Srg 2.144 -V; 3.332 -V, 1.485
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1 2 3 4 5 6 7 8 9
-V, 2.344 -0, 3.342 -V; 2.378
-Os 2.442 -V; 1.124 -V 2.590
-V; 2.574 -Coy 1.230 -Og 2.626
-0y 2.847 -0, 1.538 -Vs 2.660
-Sr3 2.958 -Sry 1.870 -Sr, 2.760
-Cos 2.961 -Sr, 2.216 -Cos 2.938
-Co, 3.057 -O¢ 2.373 -Cos 2.979
-Cos 3.157 v -Oy 2471 -Coy 3.036
-Sry 3.159 ° -Srs 2.492 -V, 3.194
-0, 3.194 -0, 2.660 -Srg 3.204
-0; 3.297 -V, 2.953 -V, 3.220
-0, 3.328 -V, 2.994 -Oy 3.265
-Co, 3.395 -0y 3.087 -Sr3 3.327
-0y 3.478 -Cos 3.200 -V, 3.328
-Srs 3.489 -Sr 3.216 -Og 3.342
-0; 1.561 -Srg 3.220 -V 3.387
-O¢ 1.786 -V, 3.340 -0y 1.520
-Sr3 2.111 -Sry 3.363 -V 1.569
-Cos 2.151 -Co, 3.417 -0, 1.696
-Sr 2.519 -0 1.092 -0; 2.384
-Sry 2.563 -V 1.526 -V, 2.442
-V, 2.638 -Srg 1.598 -0 2.634
-Oy 2.685 -O¢ 2.162 -Sr 2.888
-V; 2.943 -0y 2.336 -Oy 3.055
-Sr, 3.058 -0, 2.441 -V; 3.189

Co, -V; 3.086 -Sr3 2.877 -Coy 3.215
-Coy 3.109 -Cos 2.879 Os -V 3.216
-0, 3.221 Co, -V; 2.996 -0, 3.220
-Srs 3.294 -V, 3.057 -Cos 3.250
-Os 3.369 -Sr, 3.158 -Og 3.302
-V, 3.395 -Srs 3.174 -Srg 3.350
-Vs 3.417 -Sry 3.352 -Co, 3.369
-V, 3.449 -Cos 3.354 -Sry 3.374
-Co, 3.488 -0; 3.391

-Coy 3.392
-0, 3.425
-Co, 3.488

A separate analysis of the interatomic distances in
the SrCoV,0; structure revealed a complex coordination
of atoms that ensures the stability and orderliness of the
crystal lattice (Table 3). Atoms of cobalt, vanadium,
strontium and oxygen participate in the formation of
coordination polyhedra, which are interconnected and
create a single coordination network.

The structure of SrCoV,0; is characterized by a
complex organization, where the key elements are
octahedral complexes of CoOg and VOg, stabilized by

strontium atoms and connected through oxygen atoms
(Figure). In the structure, cobalt atoms form coordination
polyhedra of the CoOg type, where the central Co atom is
surrounded by six oxygen atoms, forming octahedra. The
shortest bond, Cos-O; (1.342 A), indicates a strong
interaction between cobalt and oxygen, while longer
bonds such as Co;-Og (1.786 A) indicate local stresses or
structural deformations. Similarly, vanadium forms
octahedral VO4 complexes, where the shortest bonds, such
as Vs-O, (1.538 A), ensure the stability of the octahedra,
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and the asymmetry of the bonds is a consequence of the
influence of defects and the inter-nodal arrangement of
atoms.

Crystal structure of SrCoV,0; compound

Strontium atoms have a large coordination sphere
and form flexible bonds with oxygen, among which Sry-
O; (0.724 A) is the most pronounced. These bonds
stabilize the three-dimensional network formed by the
CoOg and VOyg octahedra, filling the gaps between them.
The oxygen in the structure plays a critical role in
ensuring the bonding of the octahedra and lattice stability.
For instance, the O7-Co, (1.092 A) and O;-Vy (1.453 A)
bonds demonstrate their importance for the overall
strength of the material. At the same time, oxygen also
affects the electron density, regulating the conductivity
and magnetic properties of the material'"* 2.

Microstructural defects are observed in the struc-
ture, which significantly affect its physical and chemical
properties. Vacancies caused by the absence of atoms in
the lattice nodes can reduce strength and stability. The
inter-nodal arrangement of atoms, which is typical for
materials synthesized at high temperatures, leads to local
symmetry distortions'>°. Temperature effects during
synthesis or sintering contribute to the fluctuations of
atoms, which can move from their nodal positions,
creating additional defects'®. For example, differences in
the values of diffraction planes, such as for the (0, 4, 2)
plane with ¢=3.084 A, indicate an uneven arrangement of
atoms in the structure.

All these factors provide a unique organization of
SrCoV,0; that balances stability and functionality. The
three-dimensional network of CoOg and VOg octahedra
stabilized by strontium atoms allows the material to
demonstrate promising properties for use in high-
temperature ceramics, electronic devices and catalysts.
The interaction between the octahedra through oxygen
atoms ensures stability, while structural defects contribute
to the material's adaptation to changing conditions' " '*.

Defects in the crystal structure, such as vacancies
and inter-nodal arrangement of atoms, play an important
role in the formation of the properties of SrCoV,0;
material. The study demonstrated that the structure of the
complex is characterized by the partial filling of the lattice
nodes, which is confirmed by the analysis of diffraction
data for the (0, 4, 2) planes with an interplanar distance of
d=3.084 A. Defects are formed during the synthesis of the
material due to temperature effects and imperfect
coordination of CoOg and VO polyhedra, which affects
the functional properties of the material"’. The presence of
vacancies, for example, in oxygen nodes, breaks the
symmetry of the crystal structure and weakens the bonds
in the octahedra, which reduces the mechanical strength of
the material®®*%. The structure analysis showed that the
Co;-03 (1.561 A) and Co;-O¢ (1.786 A) bonds are longer
than expected, which is due to local deformations due to
vacancies. Such changes are particularly important for
materials used in high-temperature environments or under
mechanical stress.

The electrical conductivity of the material under
study also depends largely on defects. For example, the
inter-nodal arrangement of oxygen atoms creates potential
barriers to the movement of electrons along polyhedron
chains®. In areas of local deformation, such as in the V,-
O, bonds (1.485 A), the electron density decreases, which
limits the effective charge transport and affects the control
of conductivity in oxide materials for electronics.

The thermal conductivity of the structure decreases
due to irregularities in the lattice caused by defects. The
vacuum spaces in the nodes and the inter-node
arrangement of atoms prevent phonon propagation>". For
example, the displacement of oxygen atoms forming the
07-Co, (1.092 A) and O;-Vi (1.453 A) bonds creates local
barriers to heat waves. Such effects can be useful for
applications where thermal conductivity needs to be
reduced, such as in insulating materials.

The temperature stability of a material also depends
on defects. During synthesis, high temperatures promote
atomic fluctuations, which increase the number of
vacancies or move atoms to inter-node positions®. These
processes reduce the overall stability of the structure.
During the experiment, the expansion of some octahedra
due to local temperature stresses was observed, indicating
a decrease in the regularity of the coordination geometry.

The SrCoV,0; compound exhibits unique struc-
tural and physicochemical properties that make it
promising for use in high-tech industries. Thanks to its
partial ionic conductivity due to structural defects, the
material can be used to create components for ionic
conductors, sensors and fuel cell elements®. Its stable
structure and low thermal conductivity open opportunities
for use in ULTCC, which is substantial for the
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development of multilayer microelectronic devices. In
addition, the activity of CoO¢ and VOg coordination
polymers in redox processes allows the material to be
used as a catalyst in chemical reactions where structural
defects serve as additional active sites, increasing catalytic
efficiency.

Thus, a detailed analysis of the defects in the
crystal structure of SrCoV,0; has shown that they
significantly affect the mechanical, electrical, and thermal
properties of the material. Despite the presence of struc-
tural defects, the calculated and experimental data obtai-
ned confirm the stability of the model and the high
potential of the material for use in electronics, ceramic
technology, and catalysis. An important role in this is
played by the strong bonds between the coordination
polyhedra and the presence of structural flexibility, which
allows the material to adapt to different operating
conditions.

In this study, the crystal structure and
microstructural characteristics of SrCoV,0; ceramics,
which is a potential material for microwave technologies,
were investigated. According to XRD data, the produced
single-phase material is consistent with the known
literature results, confirming its high phase purity and the
efficiency of the synthesis method used. Structural
characteristics, including crystal lattice parameters,
demonstrate excellent agreement with the literature data.

The results obtained can be compared with similar
scientific works, where various microwave dielectric
materials fabricated by low-temperature sintering have
demonstrated attractive characteristics for ULTCC
applications. For example, the study by Sun et al”’
showed that BigBgO,4 ceramics with the addition of
0.1 mol B,O3; were sintered at 710 °C and had excellent
microwave properties with e7=12.5 and O xf=38.200 GHz.
This is similar to the results for the ceramics under study,
where crystal structure stability is an important factor in
achieving optimal performance.

Regarding the properties similar to the microwave
dielectric characteristics of SrCoV,05, it is worth noting
the work of Shuzhao et al.zg, where the Na,O-Bi,Os-
MoO; system was studied and it was shown that such
ceramics have excellent dielectric properties when
sintered at temperatures below 750 °C. Comparing these
results, it can be noted that low-temperature sintering and
structural stability are important for achieving high
material performance. In addition, Zang er al.” studied
CaMoO, ceramics sintered at 600 °C. This ceramic also
demonstrated good dielectric properties, which correlate
with the results obtained in this study. In the context of
crystal structure stability and phase purity, the results of
this work and previous scientific data confirm the
importance of careful control of synthesis and sintering
conditions to achieve high microwave performance.
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Similarly, other studies, such as the work of Li et al®

show how precise control of the sintering composition and
temperature can significantly improve the dielectric
properties of the material, which also confirms the
importance of optimizing the synthesis process.

As for the comparison of the results with other
ceramic materials, it is possible to note that SrCoV,0;
ceramics show certain differences in characteristics. This
material has a stable crystal structure and high QOxf
parameters compared to other materials, such as Zn;B,Og,
Ag,SrV40p,, and LiysMosOys, etc. The paper by Yoon et
al’' shows that Ba;V,03.BaV,04 ceramics have good
microwave properties and high chemical compatibility,
and Zn3B,05 obtained by Li ef al.** in a two-step sintering
process has a good density, but their dielectric and
microwave properties are not as high as those of
SrCoV,0;. Furthermore, lithium molybdate Li;Mo0s0,7, as
shown by Khan ez al.”*, has high dielectric properties, but
its characteristics may be influenced by the polaron
model, which makes it less stable. Compared to ZnO-
Si0,-B,0;-based composites in the work of Olszewska-
Placha et al.**, SrCoV,0; also shows greater stability,
which is important for applications in high-precision
microwave components.

SrCoV,07 ceramics are notable for their stability at
high temperatures and high phase purity, which makes
them a promising material for microwave technologies, in
particular in comparison with such materials as
BaMgz,xZleVQOg, LigngTi309+xF2, and L12W04 Zhai et
al®® showed that LigMgsTi304F, ceramics has good
microwave properties, but its thermal stability is
significantly inferior to that of SrCoV,05. In addition, the
results of Ding et al.*® also indicate a good potential for
improving the thermal stability of the studied ceramics.
Other studies by Szwagierczak et al.’’ such as the
development of Li;WOg-based substrates also
demonstrate low dielectric losses and good stability at
terahertz frequencies compared to SrCoV,05.

According to the study of Unnimaya et al.™®,
MgsV,0y ceramics demonstrate high efficiency in the
microwave range, as well as good chemical compatibility,
which makes it promising for use in the design of
terahertz antenna array fairings. This study can serve as an
example for comparison with the material under study, as
it has significantly better stability at high temperatures,
which allows it to be used in microwave technologies in a
wider range of conditions. Another work carried out by
Zhou et al.”’ showed that microwave dielectric ceramics
(1-x)BiVO44TiO; (x=0.4, 0.5, 0.55, and 0.6), produced by
low-temperature firing by the traditional solid-phase
reaction method, also has good microwave properties.

In summary, the results of the study of SrCoV,0;
ceramics show the great potential of this material for use
in microwave technologies due to its stable crystal
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structure and high phase purity*” *'. However, it is also

worth noting the environmental aspect. Compared to
SrCoV,07, borosilicate glasses have a higher sintering
temperature, but their environmental properties allow
them to be used in cost-effective and sustainable
processes. Given these advantages, SrCoV,0; ceramics,
due to their stability at lower sintering temperatures, may
also be promising for use in environmentally friendly
microwave technologies. Further research aimed at
studying atomic arrangement defects and improving
dielectric and magnetic properties may further improve
the characteristics of this material for future applications
in high-precision components.

4. Conclusions

The study of the crystal structure of SrCoV,0;
ceramics confirmed the preparation of a single-phase
material with characteristics that are in good agreement
with known literature data. The diffraction spectrum of
the synthesized sample fully corresponds to the spectrum
of the compound from the ICDD PDF database No. 00-
044-0455, which confirms the high phase purity of the
material and the efficiency of the applied synthesis
methodology. The SrCoV,0; ceramic crystallizes in
monoclinic syngony with the P121/c1(14) space group of
symmetry, and the lattice parameters are as follows:
a=6.8360(7) A, b=14.823(2) A, c=11.271(1) A, and angle
£=99.4610(5)° show excellent agreement with known
data, confirming the correctness of the synthesis and the
chosen conditions.

The proposed structural model of SrCoV,0;
addresses microstructural parameters and details the
internal structure of the material. Particular attention is
drawn to the problem of incomplete filling of the ideal
point system in the structural model. Such anomalies may
be associated with defects in the atomic arrangement
arising from the specifics of the synthesis and sintering
processes. The study of these defects demonstrates the
behaviour of the material at the atomic level and assesses
their impact on functional properties, on magnetic and
dielectric characteristics.

These results highlight the importance of precise
control of the synthesis conditions, such as sintering
temperature, holding time, and quality and purity of the
starting reagents. Carefully selected conditions ensure the
formation of a stable crystal structure and high-
performance characteristics. Thus, the study significantly
contributed to the study of the crystal structure and
microstructure of SrCoV,07, which can be the basis for
further research on the physical and chemical properties of
this material. The data obtained during the study
contribute to the promising use of SrCoV,07 in functional

ceramics for modern microwave technologies, in the
manufacture of multilayer components such as resonators,
filters, or antennas. The obtained results confirm that
SrCoV,0; ceramics is a promising material for use in
modern microwave technologies due to the combination
of crystal structure stability and high phase purity. Further
research aimed at studying the magnetic and dielectric
properties of this material can expand its functionality and
open up new opportunities for practical applications.
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KPUCTAJITYHA CTPYKTYPA TA BJJACTUBOCTI
KEPAMIKHN HA OCHOBI BAHAJIATY CTPOHIIIIO I
KOBAJIBTY JUISI MIKPOXBUJIBOBOI'O
3ACTOCYBAHHSA

Anomayin. i po3pobnenHs CMIIbHUKOBO2O 38 3Ky
H0B020 NOKOJIIHHSI NOMPIOHI MAMEPIanU 3 HALEHCHUMU OLeLeKm-
PUUHUMU  BNACMUBOCTAMU HA BUCOKUX uacmomax. Xapaxme-
pucmuxu xepamiku SrCoV,0; cunmezoéanoi 3a mexHoN02iE0
VILMPAHUZLKOMEMNEPAMYPHOT  CNIIbHO — OONALeHOT  KepamiKu
(ULTCC), nepcnexmusni. Y  Oocniodcenni  npoananizoeamno
KDUCMANIYHY CMpPYKmypy yici kepamiku 3a 0onomo2or ougpakyii
penmeeniecokux npomenie, SEM mixpockonii it enepeooucnepciiinol
cnexmpockonii. Peszynomamu niomeepounu 00HOQA3HY MOHOKIIHHY
cmpykmypy (P 1 21/c 1) i3 napamempamu pewimxu a=6,8360(7) 4,
b=14,8232) 4, c=11,271(1) 4, p=99,4610(5)°. 3asdsxu Odienexm-
PUYHUM G1ACIUBOCSIM [ CYMICHOCII 13 aNIOMIHIEBUMU elleKmpooamu
Mmamepian — OeMOHCMpPYE — NOMeHyian — OWsl  MIKPOXGUIbOBUX
3acmocysams, 30Kpema Ok pe3oHAmopie, anmer ma Qinbmpis.

Knrouosi cnosa: oensoosa ceomempis bpez — bpenmano,
memoo Pimeenvoa, Huzekomemnepamypuuii cunmes, menionpo-
BIOHICMb, OleleKMPUKU, CNIKAHHSL.



