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Investigation of the Functional Characteristics
of Pri_xSrxFe1yCo0,03_5 Perovskite Cathodes for Reversible Solid Oxide Fuel Cells

A systematic investigation was conducted on perovskite-type cathode materials of the composition
Pri.SriFe14Coy03-5, synthesized via self-propagating high-temperature synthesis, with the aim of optimizing
their performance in reversible solid oxide fuel cells (RSOFCs). Particular attention was given to the influ-
ence of Sr and Co substitution on thermal expansion, electrical conductivity, and polarization resistance under
operating conditions. Detailed analyses using dilatometry, four-probe conductivity measurements, and elec-
trochemical impedance spectroscopy revealed that moderate strontium substitution (x = 0.2-0.3) provides the
most favorable balance between enhanced oxygen vacancy concentration, optimized lattice parameters, and
structural stability. These factors jointly promote higher conductivity while maintaining low polarization re-
sistance. The incorporation of cobalt was shown to boost electronic transport, although excessive Co levels
(e.g., y = 0.5) resulted in increased thermal expansion and interfacial resistance due to phase interactions with
the electrolyte. Among the studied compositions, PSFC-2020, PSFC-3020, and PSFC-4020 demonstrated su-
perior electrochemical performance, with conductivities up to ~186 S:em™ and polarization resistances as
low as 1.9 Q-cm? at 850 °C. The findings confirm the potential of Pr—Sr-Fe—Co perovskites as high-
performance cathode candidates for advanced RSOFCs systems, combining favorable thermomechanical
compatibility, efficient charge transport, and long-term durability.
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Introduction

Reversible Solid Oxide Fuel Cells (RSOFCs), which can also operate in reverse as solid oxide fuel
cells, are increasingly regarded as one of the most promising technologies for high-temperature energy con-
version. These systems are not only capable of efficiently generating electricity from hydrogen and a variety
of hydrocarbon fuels, but can also be employed for their electrochemical synthesis through steam electroly-
sis. The combination of high efficiency, flexibility in fuel choice, and significant environmental advantages
positions RSOFCs as a key avenue for the advancement of hydrogen-based energy solutions [1-3].

The durability and long-term stability of such devices are largely governed by the properties of the
cathode materials. These materials must combine high mixed ionic-electronic conductivity with resistance to
chemical interactions and thermomechanical stresses under conditions of cyclic temperature fluctuations and
varying gas atmospheres. Equally critical is their compatibility with solid electrolytes, the most widely em-
ployed of which are yttria-stabilized zirconia (YSZ) and gadolinium-doped ceria (GDC) [4-6].

Among the wide range of oxide compounds, particular attention has been drawn to complex perovskite-
type materials based on rare-earth ferrite-cobaltites with the general formula Pr;_.SriFe;,Co0,03-5. Their dis-
torted perovskite lattice with GdFeOs-type orthorhombic symmetry provides a unique combination of high
electrical conductivity and pronounced catalytic activity in oxygen reduction processes. The partial substitu-
tion of strontium and cobalt into the crystal structure enables deliberate tuning of oxygen non-stoichiometry,
unit cell parameters, thermal expansion coefficients, and overall electrophysical properties. This flexibility
offers valuable opportunities for tailoring such materials to the specific operating conditions of RSOFCs
[7-9].
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One of the major challenges lies in ensuring the long-term stability of cathodes under high-temperature
electrolysis and repeated reversible cycling, which inherently involves alternating oxidation and reduction
processes. Addressing this issue requires a comprehensive investigation of how cation composition influ-
ences the crystal structure, thermal expansion behavior, electrical conductivity, polarization resistance, and
chemical compatibility of cathodes with solid electrolytes [10-12].

The present study is devoted to a comprehensive investigation of cathode materials with the composi-
tion Pri_Sr.Fe;,Co,0s5 synthesized by the self-propagating high-temperature synthesis (SHS) method. The
primary objective is to identify the optimal ratios of Sr and Co that ensure maximum electrocatalytic activity,
low polarization resistance, and strong resistance to degradation within high-performance RSOFCs systems.
In addition, the work aims to determine the key factors governing the long-term durability and operational
characteristics of these cathodes [13—15].

Materials and methods

In this work, a series of praseodymium ferrite—cobaltite perovskites with the general formula
Pri_SrFei,Co,035 (0 < x < 0.4; y = 0.2; 0.5) was prepared using high-purity reagents to ensure accurate
stoichiometry and reproducibility. The starting chemicals were praseodymium nitrate hexahydrate
Pr(NOs)3-6H-0, iron nitrate nonahydrate Fe(NO3);-9H»0, cobalt nitrate hexahydrate Co(NO3),-6H,O (purity
> 98-99 %), and strontium carbonate SrCOj3 (purity > 98 %). All components were used without further puri-
fication [16—18].

The stoichiometric proportions of the precursors were calculated. for each target composition, after
which the reagents were dissolved in 0.1 M nitric acid (HNO3) under continuous stirring until complete dis-
solution. The neutralization of SrCO; by nitric acid yielded soluble strontium nitrate with CO; release, while
the other nitrates dissolved without secondary reactions.

The resulting homogeneous nitrate solution was evaporated to dryness, producing a mixed salt residue.
This residue was dispersed in ethylene glycol (HOCH2CH>OH, > 99 %) at a molar ratio of 2:1 relative to the
total nitrate ion content. Ethylene glycol served simultaneously as a solvent and a fuel for the subsequent
self-propagating high-temperature synthesis (SHS). Upon heating, an intense exothermic redox reaction oc-
curred, accompanied by rapid temperature rise and the formation of finely dispersed oxide powders. Nitro-
gen was identified as the main gaseous by-product, indicating the high selectivity and cleanliness of the syn-
thesis process [19-20].

The as-combusted powders underwent multi-stage heat treatment: first at 400 °C and 700 °C to remove
organics and promote initial crystallization, then at 900 °C for phase development, and finally calcined at
1100 °C for 30 min to achieve complete crystallization of the perovskite structure. X-ray diffraction con-
firmed the high phase purity and orthorhombic GdFeOs-type symmetry (Pbnm) for all samples.

The synthesized compositions and their corresponding abbreviations are as follows:

* PFC-20:  PrFegsC00.,03(x =0,y =0.2)

* PSFC—10201 PI‘o,gSI‘oJFQo,gCOo]O}.& (x =0.1 s V= 0.2)
* PSFC-2020: ProsSro2FensCo00.2035(x=0.2,y=0.2)
* PSFC-3020: PI‘(),7SI‘0‘3F60‘3C00‘203.5 (x = 0.3, y= 0.2)
* PSFC—402OI PI‘o_GSI'()AFeo‘gCOo‘zO}.& (x = 0.4, y= 0.2)
* PSFC-3050: PI‘o,7SI‘0_3Feo_5C00_503.5 (x = 0.3, y= 0.5)

In the sample code, the first two digits represent the molar fraction of Sr (xx100) and the last two digits
correspond to the molar fraction of Co (yx100) in the perovskite lattice. This designation provides a clear
link between composition and the measured physicochemical properties.

Table 1 presents the nomenclature and key physicochemical parameters of the synthesized
Pri_SrFei,Co,03_5 perovskite powders, including specific surface area (Sger), equivalent particle size
(dser), and theoretical density (ymeo). The series encompasses both the undoped composition (PFC-20) and
Sr-, Co-substituted variants (PSFC), enabling the assessment of how A- and B-site cation substitutions influ-
ence powder characteristics.

The Sger values lie in the range of 4.8-6.4 m*/g, which is relatively high for oxide materials obtained by
SHS. A gradual increase in specific surface area is observed with the introduction and growth of Sr content,
as well as with partial substitution of Fe by Co. This trend may be associated with the impact of heterova-
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lentcation substitution on the combustion process during SHS, where changes in thermal release and diffu-
sion rates can limit particle coarsening and promote the formation of a more developed surface morphology.

The equivalent particle sizes (dger), calculated from BET data, range from 65 nm in PFC-20 to 50 nm
in PSFC-3050, confirming the nanoscale nature of the powders. The observed reduction in particle size for
Co-rich compositions can be linked to the higher exothermicity of the reaction and shortened grain growth
stage, leading to enhanced dispersion. These fine particle dimensions are expected to facilitate improved
contact area with the electrolyte and more efficient gas diffusion in the cathode layer.

Table 1
Nomenclature and key physicochemical parameters of Pri-.SrxFe1yCo,03-5 perovskite powders
Sample composition Sper(m?/g) dper(nm) Viheor, g/S3

PFC-20 4.8 65 6.36
PSFC-1020 52 60 6.29
PSFC-2020 5.6 56 6.22
PSFC-3020 59 54 6.16
PSFC-4020 6.1 52 6.09
PSFC-3050 6.4 50 6.21

where:
— Sger — specific surface area determined by the Brunauer—Emmett-Teller (BET) method;
— deer— equivalent particle diameter, calculated from Sger data assuming spherical particles;
— Ymeor — theoretical density of the bulk perovskite phase, calculated from crystallographic parameters.

Theoretical density values (yumeor) vary only slightly (6.09-6.36 g/cm®) across the series, reflecting the
fact that density is primarily determined by the crystal structure and average atomic mass of the constituent
elements. Minor variations arise from the substitution of Pr** by Sr** in the A-site and Fe** by Co®" in the B-
site, which slightly modify the lattice parameters.

Overall, the powders synthesized via SHS demonstrate a combination of high surface area, nanoscale
particle size, and phase purity, all of which are advantageous for cathode applications in RTFCs. The inter-
play between composition and microstructural characteristics revealed in Table 1 provides a basis for corre-
lating synthesis conditions, structural parameters, and functional performance in subsequent electrochemical
testing.

Table 2 summarizes the key ionic characteristics of the cations incorporated into the synthesized perov-
skites Pri_.Sr.Fei,Co,03-5, including their valence states, coordination numbers (CN), ionic radii (r), and
electronegativities () according to the Pauling scale. These parameters determine the strength and nature of
cation—anion bonding within the crystal lattice, which in turn directly governs the coefficient of thermal ex-
pansion (CTE), electrical conductivity, and the overall electrochemical performance of the cathode materials.
In particular, variations in these ionic properties critically influence lattice stability, conductivity, and the
resistance of the materials under operating conditions.

A comparison of the ionic parameters of the A-site cations (Pr** and Sr**) reveals that Sr*" possesses a
significantly larger ionic radius (1.44 A vs. 1.179 A) and a lower electronegativity (0.99 vs. 1.13). Substitut-
ing Pr** with Sr** enhances the ionic character of the A—O bond and leads to an expansion of the A-site sub-
lattice, which can contribute to an increase in the coefficient of thermal expansion by weakening the covalent
component of the bonding. Moreover, the incorporation of Sr*‘requires charge compensation through the
formation of oxygen vacancies. These vacancies not only enlarge the lattice parameters but may also strong-
ly influence the transport properties of the material.

For the B-site cations (Fe**and Co’"), smaller ionic radii are characteristic (0.645 A for Fe** and 0.545—
0.61 A for Co®*, depending on the spin state), along with higher electronegativity values (1.83—1.88). Incor-
poration of Co** not only alters the size and symmetry of the BOs octahedra but can also induce spin-state
transitions at elevated temperatures. These transitions result in the elongation of B—O bonds and consequent-
ly contribute to an increased coefficient of thermal expansion (CTE). At the same time, such effects influ-
ence electronic and mixed ionic—electronic conductivity by modifying the orbital overlap between O 2p and
B 3d states.

18 BecTHuk KaparaHgmMHCKoOro yHusepcureTa



Investigation of the Functional Characteristics ...

Table 2
Ionic parameters of cations Pri-.SriFe1yC0,03-5 perovskites

Sample Oxidation Coordination
composition state Number (CN)

Electronegativity

(Pauling) Structural influence

Tonic radius r (A)

Larger CN reduces bond
Pr3* +3 9 1.179 1.13 distortion; higher y leads to
stronger A—O covalency
Lower y increases A—O
Sr2 +2 12 1.44 0.89 ionicity; larger radius ex-
pands lattice, affects CTE
Small radius stabilizes octa-
Fe’* +3 6 0.645 1.83 hedral B-O bonds; higher y
strengthens covalency

+3 . . & )
. Spin-state transitions at high
Co** S 1(111(/)1: i h 6 0(')52115 ((III?V;;—_SSPIEI))/ 1.88 T lengthen B~O bonds, in-
piving ’ gh-sp creasing CTE
spin)
where:

— CN (Coordination Number) — the number of nearest neighboring oxygen ions bonded to a given cat-
ion within the crystal lattice;

—1(A) — the ionic radius corresponding to the specific coordination;

—x — the Pauling electronegativity, reflecting the ability of an ion to attract electrons.

Thus, the values presented in Table 2 provide a fundamental basis for interpreting the experimental re-
sults. They clarify why the Pri_.SriFei,Co0,03_5 Pri_.SriFe;,Co,03-5 series exhibits a nonlinear dependence
of the CTE on Sr content, along with a steady increase in CTE as the Co fraction rises. Moreover, these pa-
rameters offer a physicochemical rationale for the observed trends in electrical conductivity and polarization
resistance.

Results and discussion

To establish the correlation between chemical composition, structural features, thermal expansion, elec-
trical transport behavior, and polarization resistance of the cathode materials, a series of experiments was
carried out on synthesized perovskites PriSriFe;_,Co,03s with controlled Sr and Co contents.

The linear CTE was measured using a Netzsch DIL 402C dilatometer over the temperature range from
room temperature up to 1000 °C at a heating rate of 5 °C/min. The influence of Sr and Co on the CTE can be
explained by their ionic characteristics (Table 2):

— substitution of Pr3* (x = 1.13, r=1.179 A, CN = 9) with Sr** (x = 0.99, r = 1.44 A, CN = 12) enlarges
the A-site sublattice and modifies the strength of the A—O bond, which can either increase or decrease the
CTE.

— the incorporation of Sr** requires charge compensation through the formation of oxygen vacancies,
which expand the lattice and promote higher CTE values.

— doping with Co*" (particularly in its high-spin state) leads to elongation of the B~O bonds at elevated
temperatures due to spin-state transitions, thereby producing a consistent increase in the CTE.

Electrical conductivity was measured on rectangular bars (3x2x30 mm) prepared by uniaxial pressing
followed by sintering at 1100 °C for 4 h. Platinum electrodes (0.2 mm) were applied with platinum paste and
subsequently fired at 900 °C for 1 h. Measurements were carried out in air using a four-probe DC technique
(Solartron SI-1260/1287) over the temperature range of 300-950 °C with 50 °C increments. Increasing the Sr
content up to x = 0.2 reduced the activation energy (£,) and enhanced the conductivity due to a higher carrier
concentration and reduced lattice distortions. At higher Sr levels (x > 0.3), the conductivity effect tended to
stabilize, indicating saturation of the defect structure.

Polarization resistance (Rn) was determined by electrochemical impedance spectroscopy (EIS) using
symmetric cells with dense YSZ and GDC electrolytes. Electrolyte discs (~12 mm in diameter, 0.3 mm
thick) were pressed at 300 MPa and sintered at 1450 °C (YSZ) or 1350 °C (GDC). Cathode layers with a
thickness of 20-30 um were deposited by screen printing from a slurry composed of perovskite powder, iso-
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propanol, polyvinyl butyral, and triethylene glycol dimethacrylate. The firing process was carried out at
1050 °C (for PSFC-3020) to optimize adhesion to the electrolyte and minimize the formation of secondary
phases.

Impedance measurements were conducted in the frequency range of 0.1 Hz to 1 MHz with an amplitude
of 10 mV in air at 600-900 °C, using 50 °C increments. By combining thermomechanical, electrical
transport, and electrochemical characterization with an analysis of the cationic ionic parameters, it was pos-
sible to establish a balance between structural stability, high electrical conductivity, and low polarization re-
sistance. Among the investigated compositions, PSFC-2020, PSFC-3020, and PSFC-4020 demonstrated the
most promising performance as cathode materials for RSOFCs when paired with YSZ and GDC electrolytes.

Figure 1 illustrates the variation of the linear thermal expansion coefficient (CTE, a) in the low-
temperature region for the Pri_.Sr.Fe;,Co,03_5 (PSFC-x20) series with different molar fractions of Sr (x = 0—
0.4), as well as for the specific composition Pro 7Sro3FeosCoos03.5 (PSFC-3050).

The PSFC-x20 curve exhibits a distinctly nonlinear behavior. In the range 0 < x < 0.1, a'slight increase
in o is observed, followed by a decrease at x = 0.2 and 0.3. The lowest CTE values are recorded at x = 0.3,
indicating an optimal balance between lattice parameters and defect concentration in this compositional re-
gion. With further Sr substitution up to x = 0.4, a sharp rise in a occurs.

This behavior can be explained by the competition of two mechanisms:

— the enhancement of the ionic character of the A—O bond when Pr** (x = 1.13) is substituted with the
less electronegative Sr** (y = 0.99) increases lattice rigidity and reduces its tendency toward thermal expan-
sion.

— at the same time, the growth in oxygen vacancy concentration, required for charge compensation upon
Sr** incorporation, weakens interstitial bonding and promotes higher CTE values.

For compositions with x < 0.3, the first mechanism dominates, resulting in a reduction of o, whereas for
x > 0.3 the second mechanism prevails, leading to an increase:

The specific composition PSFC-3050, which containsa higher Co fraction (y = 0.5), exhibits a marked-
ly higher CTE compared with PSFC-3020 at the same St content (x = 0.3). This behavior is consistent with
the well-documented effect of spin-state transitions of Co®" upon heating, which are accompanied by the
elongation of Co—O bonds and, consequently, an increase in thermal expansion.

W1 T
[ =0~ PSFC-x20 o 1
O PSFC-3050
16| N
"3 L i
< 15} &
(.?
o | d
5 A
S 14} A=
13 | -
. I I

0,0 0,1 0,2 0,3 0,4
X, (mol. fraction)

Figure 1. Dependence of the linear thermal expansion coefficient (a) of Pri_.Sr,Fe;,Co,03.5
and Pry 7Sro.3Feo 5Co0.503-5 compositions on Sr molar fraction (x) in the low-temperature range

From the standpoint of minimizing the CTE and achieving better thermomechanical compatibility with
solid electrolytes (YSZ and GDC), the most promising compositions are those with moderate Sr content
(x =10.2-0.3) and reduced Co content, particularly PSFC-2020 and PSFC-3020.

Figure 2 presents the temperature dependence of the electrical conductivity (o) for a series of perovskite
compositions with varying Sr and Co contents in the range of 350-950 °C.
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For the PFC-20 composition (x = 0, y = 0.2), which does not contain Sr, an exponential increase in con-
ductivity with temperature was recorded, showing no indication of saturation-behavior typical of thermally
activated charge transport. A similar trend is observed for PSFC-1020 (x = 0.1, y = 0.2), though at a noticea-
bly higher conductivity level. This enhancement is attributed to the effect of Sr?*, which promotes the for-
mation of oxygen vacancies and increases the concentration of mobile charge carriers.

Compositions with higher Sr contents (x = 0.2—-0.4) exhibit nontrivial temperature-dependent behavior:
in the conductivity curves of PSFC-2020, PSFC-3020, PSFC-4020, and particularly PSFC-3050, a distinct
maximum is observed, followed by a decline at elevated temperatures. Such behavior is characteristic of
mixed-conducting oxides, where increasing temperature enhances oxygen release. The resulting oxygen loss
reduces the concentration of hole carriers (e.g., Fe*"), thereby disturbing the balance between ionic and elec-
tronic conductivity.

The temperatures corresponding to the conductivity maxima (7max) systematically shift toward lower
values with increasing Sr content. This trend reflects the role of oxide non-stoichiometry: higher Sr** concen-
trations accelerate the generation of oxygen vacancies, lowering the lattice stability against thermal degrada-
tion. At the same time, varying the Co fraction for instance, in PSFC-3050 with y = 0.5 leads to a significant
increase in the absolute conductivity values, while exerting only a minor effect on the position of 7.

T,°C
700

1000 900 800 600 500

200 f —0— PFC-20
—O— PSFC-1020
—O0— PSFC-2020
2150 b =A— PSFC-3020 ]
= —t— PSFC-4020
o ——PSFC-3050
G 100 |

50_%
O-I A L A L A L '

0.8 0.9 1 1.1 1.2 1,3
1000/T, K™

Figure 2. Dependence of the linear thermal expansion coefficient (o)
of temperature-dependent electrical conductivity of Pri_Sr.Fe;,Co,03-5

The coincidence of T,..c with the inflection points in the CTE curves—as demonstrated earlier—
highlights the close relationship between the electrophysical and structural properties of the investigated ma-
terials. Among the studied compositions, PSFC-2020 and PSFC-3020 exhibit the most stable conductivity
within the operating temperature range, maintaining a balance between sufficient mobile carrier concentra-
tion and resistance to oxygen-related degradation. These materials are therefore particularly promising for
cathode applications in RSOFCs operating under high-temperature conditions.

Of particular interest is the PSFC-3050 composition, which exhibits an anomalous temperature depend-
ence of conductivity. This behavior necessitated the calculation of two distinct activation energy values:
16.0 kJ-mol™! in the 300-600 °C range and 30.5 kJ-mol™! in the 600-850 °C range. Such a distinction sug-
gests a change in the dominant charge-transport mechanisms across different temperature intervals.

The polarization resistance values also clearly highlight the advantage of Sr-rich compositions. The
lowest Rn values (1.9-2.5 Q-cm?) were recorded for PSFC-2020, PSFC-3020, and PSFC-4020, indicating
high-quality cathode/electrolyte interfaces and reduced losses associated with electrode reactions.

Thus, the most promising candidates for application as dense cathodes in RSOFCs are PSFC-4020 and
PSFC-3050, which combine high electrical conductivity, reduced polarization resistance, and acceptable
thermal stability.
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Figure 3 illustrates the dependence of the polarization resistance (Rn) of the PSFC-3020 cathode mate-
rial on the sintering temperature applied to bond it with the YSZ solid electrolyte, measured at an operating
temperature of 850 °C. The results clearly show that the polarization resistance reaches its minimum when
sintering is carried out at 1050 °C.

8 1 X 1 s 1
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2 |- -
1 " 1 N 1

1000 1050 1100
Sintering Temperature, °C

Figure 3. Influence of the sintering temperature on the polarization resistance
of the PSFC-3020 cathode in contact with a YSZ electrolyte

Figure 4 presents the dependencies of electrical conductivity (c) and polarization resistance (Rn) for
cathode materials of the composition Pri_.Sr.FeosCo00.035 as a function of the Sr molar fraction (x) at
850 °C.
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Figure 4. Effect of Sr Content on the Electrical Conductivity and Polarization Resistance
of Pri_Sr.FeosCo0.03-5 Cathodes at 850 °C

Up tox = 0.2, a clear correlation is observed between the two parameters: as electrical conductivity in-
creases, polarization resistance decreases significantly. This relationship indicates improved kinetics of oxy-
gen electrochemical processes, driven by a higher density of charge carriers and enhanced interfacial charge
transfer.

However, for x > 0.2, the trend changes: despite the continued rise in electrical conductivity, polariza-
tion resistance begins to increase. This discrepancy is most likely associated with chemical interactions be-
tween Sr-enriched cathodes and the YSZ electrolyte during thermal treatment, leading to the formation of
low-conductivity secondary phases at the electrode/electrolyte interface. This effect is particularly pro-
nounced in the PSFC-3050 sample, which exhibits high R despite its relatively high o, supporting the above
interpretation.

Therefore, the optimal balance between high electrical conductivity and low polarization resistance is
achieved at Sr concentrations in the range of 0.2—0.3 molar fraction. Within this composition window, PSFC-
2020, PSFC-3020, and PSFC-4020 show the most favorable electrochemical performance among the studied
materials.
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Conclusion

This work presents an in-depth study of the structural, electrical, and electrochemical characteristics of
perovskite-type cathode materials based on Pri_SrFeo3Co0203-5, synthesized via a self-propagating high-
temperature synthesis route. By systematically varying the Sr and Co content, a series of compositions was
prepared and thoroughly evaluated in terms of thermal expansion behavior, electrical conductivity, and po-
larization resistance under conditions relevant to reversible solid oxide fuel cells (RSOFCs).

It was shown that moderate strontium substitution (x = 0.2—0.3) leads to improved electrochemical per-
formance due to enhanced oxygen vacancy concentration and optimized lattice parameters, which facilitate
effective charge transport. The incorporation of cobalt further promotes electronic conductivity and structural
flexibility, though excessive Co levels (e.g., in PSFC-3050) were found to negatively impact polarization
resistance, likely due to undesirable interfacial phase formation with the YSZ electrolyte.

Among the studied compositions, PSFC-2020, PSFC-3020, and PSFC-4020 demonstrated a balanced
combination of high electrical conductivity (up to ~186 S-cm™' at 800 °C) and low polarization resistance (as
low as 1.9 Q-cm? at 850 °C), along with favorable thermal compatibility with common electrolytes. Notably,
PSFC-3020 exhibited optimal performance at a sintering temperature of 1050 °C, minimizing interfacial deg-
radation and ensuring good adhesion to the YSZ substrate.

These findings confirm that tailored A-site (Sr) and B-site (Co) substitution within the Pr-based perov-
skite structure enables precise control over the functional properties of cathode materials. The study high-
lights the potential of PSFC-type materials as high-performance cathodes for advanced RSOFCs systems,
offering improved energy efficiency, electrochemical stability, and long-term durability.
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Pri-.SriFe1yCo0y03_; Herizinaeri nepoBCKUT KATOATAPBIHBIH QYHKIHUOHAIIBIK
KacHeTTepiH peBepCUBTI KATTHI OKCHATI OTHIH 3JIeMeHTTepPi YIIiH 3epTTey

Pri«SrsFe1yCoyO3-5s KypaMbIHIAFbl MEPOBCKUTTIK KATOATHI MaTepHaIiapAblH (QyHKIIMOHAIIBIK KacHeTTepi
O3/IiriHEH TapayaThlH JKOFaphl TEMIEPaTyPajblK CHHTE3 OMicCi apKbUIBI 3epTTENIi. 3epTTeyniH Heri3ri
MaKcaThl — PEBEPCHBTI KATThl OKCHATI OThIH sneMeHTTepinne (RSOFCs) omapnblH KyMBIC THIMIUTITIH
aptTelpy. Sr koHe | Co M30MOP(THIK OpBIH OacybIHBIH OKBUIYJBIK YiFalo  Kod((HuIueHTiHe,
ANEKTPOTKITIIITIKKE JKoHE IMOJISIPU3ALMSUIBIK Keleprire acepi KapacThIpbULABL [IMIaTOMETpUSIIBIK Tajjay,
TOPT-30HATHI OJIICY SJiCi HKOHE JIEKTPXUMHUSUIBIK UMIIEIAaHC CIHEKTPOCKONUs HATHXKeNepi Sr-IbIH opTamia
momepi (x =0.2-0.3) eH THiMIl TeHrepiMIi KaMTamachl3 €TETiHIH KOPCETTi: KYPBUIBIMIBIK TYPAaKTBUIBIK
CaKTasaJpl, OTTEKTIK BAKaHCHSIIAP/IBIH KOHIIEHTPAUsICH apTabl )KOHE TOp IapaMeTpliepi oHTalinaHanbl. by
(hakTOpIIap >KOFaphI ANEKTPOTKITIIMITIKKE KOHE TOMEH MOJIAPU3AIMSIIBIK KeJIEprire KO RKeTKi3yre MyMKIHIIK
Oepeni. KoOambT KOCYABIH 3IIEKTPOHIBIK TaCHIMAIAAYIbl KYIICHTETIHI aHBIKTANAbI, anaiifia OHBIH IIaMaJaH
TeIC Moumrepi (y=0.5) XbpUTyJbIK YiIFal0 KOd(O(GUIMEHTIH >KOFapBUIATHII, JICKTPOJHUTIIEH OPEKEeTTECYdiH
HOTIDKECiHe MHTep(a3alblK KelepriHi apTTeipagsl. 3eprrenreH yirinep iminge PSFC-2020, PSFC-3020
skaHe PSFC-4020 en >xkorapbl SIEKTPXMMHSIIBIK CHNATTaMallapAbl KOPCETTi: AJIEKTPOTKI3TIIITIK IIamMaMeH
~186 S-cm! sxone momspuzamuansik keaepri 1.9 Om-cm?-ka aeiiin Temen 850 °C Temmeparypanga. byn
HoTmkenep Pr—Sr—Fe—Co HeriziHzeri mepoOBCKUTTEPIiH KOFAaphl TEPMOMEXaHHKAJIBIK YiIeciMIiTiriMes,
THIMZAI 3apsA] TachIMaIaybIMEH J>KOHE Y3aK Mep3iMai TypakteutbirbiMeH RSOFCs karonmrapsl petiHze
MEPCIIEKTUBAIIBI €KCHIH JTONICIICH .

Kinm ce30ep. peBepcuBTi KaTThl OKCHATI OTHIH dneMeHTTepi (RSOFCs), mepoBckut karoarapsr, Pr—Sr—Fe—Co
OKCHTEPI, )KBUTYJIBIK YIIFA0, IEKTPOTKI3TIIITIK, TOJSPU3ALUSIIBIK KEACPTi, dICKTPXUMHSUIIBIK OHIMITIK
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Investigation of the Functional Characteristics ...
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M.M. Ky6enoa, A.H. Amanroxaesa, P.C. buceken

HccnenoBanne GpyHKIMOHAJBHBIX CBOHCTB IEPOBCKUTHBIX KATOAOB Pri_.Sr.Fe;,C0,035
AJISl peBepCHBHBIX TBEPAOOKCHIHBIX TOIUVIMBHBIX 3JIEMEHTOB

TIpoBeneHO KOMIUIEKCHOE MCCIIEIOBaHHE NMEPOBCKUTHBIX KAaTOJHBIX MaTepHasioB cocTaBa PriSriFeiyCoyOs-s,
CHHTE3MPOBAaHHBIX METOJIOM CaMOPacHpOCTPAHSIONIETOCsS BBICOKOTEMIIEPATYPHOTO CHHTE3a, C LEJIbI0 ONTH-
MH3aIIH UX SKCIUTYyaTaI[MOHHBIX XapaKTePHCTHK B PEBEPCHBHBIX TBEPJOOKCHIHBIX TOIUIMBHBIX 3JIEMEHTAX
(RSOFCs). Ocoboe BHIMaHNE YAEISIIOCH BIMSHUIO 3aMelleHust Pr cTpoHIeM U koOanbToM Ha Koddhunu-
€HT TEIUIOBOTO PacIIMPEHNs, HIEKTPOIPOBOAHOCTE U MOJIIPH3ANNOHHOE CONPOTHBICHHE B YCIOBHUAX PaOOTHI
3JIeMEHTa. JIMIaTOMETpUYECKHEe HCCIEA0BAaHUs, U3MEPEHHS MPOBOAUMOCTH YETHIPEX30HIOBBIM METOJOM U
3IEKTPOXUMHYECKass UMIIEAAHCHAS CIIEKTPOCKONMA MOKa3ald, YTO yMepeHHoe conepkanue St (x = 0.2-0.3)
obecreynBaeT ONTUMAIBHOE COUYETaHHE CTPYKTYPHON CTAOMIIBHOCTH, BHICOKON KOHIIEHTPALMK KACIOPOIHBIX
BaKaHCHH M OJaronpHATHBIX MapaMeTPOB PEIIETKH. DTU (HaKTOPBI CIIOCOOCTBYIOT POCTY JIEKTPOIPOBOIHO-
CTH IPH COXPAaHEHWH HU3KOTO MOJIAPU3ALMOHHOTO CONpPOTHBIICHUA. BBeleHHe KoOaibTa YCHIMBACT JICK-
TPOHHBIH TPAHCIIOPT, OJJHAKO €r0 W30BITOYHOE KOJIMYecTBO (HampuMmep, y = 0.5) BBI3bIBaeT pocT K03 humu-
€HTa TEIUIOBOTO PACIIMPEHUs M YBeIWIEeHHE MEK(pa3sHOIO CONPOTHBICHHS BCIIEACTBHEC B3aUMOIEHCTBHS C
JNEKTPONIUTOM. Hawiydiine 3/1eKTpOXUMHUYECKHe XapaKTepUCTHKH IPOAEMOHCTpHpoBain coctaBsl PSFC-
2020, PSFC-3020 u PSFC-4020, o6ecnieuunBIume mpoBoauMocThb 10 ~186 S-cm™! n monspusanuonHoe conpo-
TuBieHue He Gonee 1.9 OM-cm? pu 850 C. IMosydeHHbIE PE3yIbTaThl HOATBEPHKIAIOT NEPCIIEKTUBHOCTD TIe-
poBckuToB Pr—Sr-Fe—Co B xauectBe 3 dextuBHBIX KatogoB 1t RSOFCs Gnaromaps WX BBEICOKOH TepMOMe-
XaHMYECKOH COBMECTHMOCTH, YJIYHYIIEHHON MPOBOIUMOCTHU U JJOJITOBEYHOCTH.

Kniouesvie crosa: peBepcuBHBIE TBEPAOOKCHAHBIE TOIUTUBHBIEC 31eMeHTHL (RSOFCs), mepoBCKUTHBIE KaTOBL,
oxcunpl Pr-Sr—Fe—Co, TemnoBoe paciimpeHue, 3JEKTPONPOBOAHOCTD, MOISIPU3ALOHHOE COIPOTHUBICHHUE,
INEKTPOXUMUYECKast SPPEKTUBHOCTD
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