40 %5 12 4
2025 £ 12 H

T MM OB AR

Journal of Inorganic Materials

Vol. 40 No. 12
Dec., 2025

Research Letter

DOI: 10.15541/jim20240410

Enhanced Performance of Lag;Sro3Fe0; s Cathode for SOFC
via | mplementation of B-site High-entropy Strategy

LIU Hongming', ZHANG Jinke?, CHEN Zhengpeng', LI Mingfei', QIAN Xiuyang', SUN Chuangi',
XIONG Kai’, RAO Mumin', CHEN Chuangting', GAO Yuan?, LING Yihan’

(1. Guangdong Energy Group Science and Technology Research Institute Co., Ltd., Guangzhou 510000, China; 2. School of
Materials Science and Physics, University of Mining and Technology, Xuzhou 221116, China; 3. Guangdong Energy Group Co.,
Ltd., Guangzhou 510000, China)

Abstract: As classical cathode materials of solid oxide fuel cell (SOFC), Fe-based perovskite materials are favored
for their affordable price, low thermal expansion coefficient and high stability. In this study, B-site high-entropy
perovskite oxide Lag 7Sty ;(FeNiCo)ysMog 1Tip 103 s (LSFNCMT) was prepared by the citric acid-nitrate combustion
method. Due to the faster oxygen surface exchange rate of the high-entropy material, the LSFNCMT cathode shows
excellent oxygen reduction reaction (ORR) activity with a polarization impedance (R,) of 0.11 Q-cm’ at 800 C,
which is much lower than that of the Lay;Sro3FeO;_s (LSF) cathode (0.31 Q-cmz). Furthermore, the high-entropy
material exhibits superior stability due to incorporation of highly acidic Ni, Co, and Mo cations as well as Ti cation
with more negative average bonding energy (ABE) of metal-oxygen. In the 22 h-stability test of the symmetric cell
with LSFNCMT cathode in the Cr-containing atmosphere, R, only increases from 1.07 Q-cm’ to 2.98 Q-cm’, while
R, of the LSF cathode increases from 2.62 Q-cm’® to 7.90 Q-cm” under the same conditions, indicating better
Cr-resistance of LSFNCMT due to the high-entropy strategy. The fact that the maximum power density (MPD) of
the single cell with LSENCMT cathode at 800 °C is 1105.26 mW-cm °, significantly higher than that of LSF
cathode (830.74 mW-cm ), and R, at 800 C is 0.24 Q-cm’, lower than that of LSF cathode (0.36 Q-cm?),
confirming excellent toxicity resistance of the high-entropy cathode. This study shows that B-position high entropy
is an effective way to improve the catalytic activity and chromium resistance of cathode materials.
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SOFC is a promising energy conversion system that performance of the cell'”,

Therefore, the research

can directly convert the chemical energy in the fuel
into electrical energy, and this process is characterized
by high efficiency and low pollution'!. Traditional
SOFCs run at ~1000 °C, causing cathode material
degradation and sealing problems, and greatly limiting
of SOFCs'“.
reducing the operating temperature of the cell is an
inevitable trend in the development of SOFC'.
However, with the decrease in operating temperature,
the electrochemical activity of the cathode material
decreases, leading to the reduced electrochemical

the commercialization Therefore,

focus of SOFC development lies in the advancement
of cathode materials with exceptional catalytic activity
at medium and low temperatures.

In recent years, the research on cathode materials
mainly focuses on perovskite oxides, including single
perovskite, double perovskite and perovskite-like
oxides that possess excellent ionic and electron mixed

13-16]

conductivity' . ABO; perovskite materials have

attracted much attention due to their abundant oxygen

vacancy content, which can provide a variety of

[

conductance mechanisms!'”"?. Among them, Fe-based

Received date: 2024-09-14; Revised date: 2024-12-11; Published online: 2024-12-27
Foundation item: Key-Area Research and Development Program of Guangdong Province (2022B0111130004); National Natural Science

Foundation of China (52272257)

Biography: LIU Hongmin (1996—), male, PhD. E-mail: livhongming@geg.com.cn
X540 (1996-), 53, 4. E-mail: livhongming@geg.com.cn
Corresponding author: GAO Yuan, post doctor. E-mail: tbh371@cumt.edu.cn; LING Yihan, professor. E-mail: lyhyy@cumt.edu.cn
UK, 115, E-mail: tbh371@cumt.edu.cn; ¥, #4%. E-mail: lyhyy@cumt.edu.cn



1434 1 A 7 < = S

540 5

perovskite materials have competitive price and low

thermal expansion coefficient,

matches electrolyte and connector of SOFCs, showing

promising development prospects as cathode materials
7, 17, 20-22]

which perfectly

at low temperatures! . Therefore, extensive
researches have been conducted on Fe-based perovskite
cathode materials, including Lag 7Sty 3FeO; 5 (LSF)[23],
Lag ¢St94C0¢2Fe0 3035 (LSCF)™Y and
Laoﬁceo.lSI‘()'3F€0_95R110'0503,5 (LCSFR)[ZS]. In addition,
in practice the chromium in the connector material of
SOFC inevitably volatilizes and spreads into the
environment, easily reacting with the alkaline earth
metal cations segregated on the cathode surface,
generating inert phases and seriously degrading the
cell®®1 Jiang et al®  found that the
Lay¢Srg4CogoFepsOs3.5s  electrode  reacted  with
chromium on the electrode surface to form insulating
phases in the chromium vapor environment, such as
SrCrO4 and Co304, resulting in increased R,,. Therefore,
the stability of iron-based perovskite cathode materials
in chromium-containing environments is critical for
practical applications.

More recently, high-entropy oxides have attracted
great attention due to their excellent physical and
chemical properties, such as high thermal stability,
unique magnetic properties, high-efficiency lithium-
ion storage properties, great dielectric properties and

[18, 30-33] . ngh-entropy

excellent catalytic properties
oxides are oxides with a single structure obtained by
the solid solution of five or more kinds of metal or
non-metal oxides in equal or similar molar ratio. Due
to the wide selectivity of constituent elements and
contents, high-entropy perovskite oxides have many
novel functional properties and infinite possibilities.
For example, Gao et al.BY designed a medium-entropy
Sri,CoosFeq2Tip 1 Tag 1Nbp 1035 (S1CFTTN, x=0-0.15)
oxide that exhibited both excellent ORR activity and
chromium resistance. Han er al’¥ synthesized
Lag,Prg,Nd,Smg ,Gdy,BaFe,0s s (LPNSGBF) from
PrBaFe;0s s as SOFC cathode, showing excellent
chromium resistance. For perovskite cathode materials,
the catalytic activity is determined by the B-site ion’s
activity, and the presence of uniformly dispersed
transition metals on the B-site offers abundant valence
thereby facilitating enhanced ORR
I, Recently, it was found that doping more
stable elements in the B-site of perovskite can

variability
35-36

activity!
improve the structural and chemical stability of
in oxidizing atmospheres®® ",
example, replacing Co or Fe ions in perovskite with

materials For

Ti*" ions can effectively reduce the coefficient of
thermal expansion and improve the stability of
material*®*!,

Based on the inspiration from previous studies, this
work utilizes high-entropy effect to optimize the
catalytic activity and

traditional Fe-based materials.

chromium resistance of
B-site high-entropy
perovskite oxide Lag;Srg3(FeNiCo)sMog Tip 105 5
(LSFNCMT, Sconfig=1.51R) was synthesized by
uniformly doping a variety of transition metals at the
B-site, and the entropy calculation method has been
described in our previous work”'!. In particular, the
solid solution limit of the elements Mo and Ti restricts
the maximum solubility to no more than 10% (in
molar) in the LSF material. The structural charac-
teristics, compatibility, electrochemical performance
and stability of the material under chromium-
containing atmosphere were studied systematically.

1 Experimental

1.1 Preparation of LSFand LSFNCMT

LSF and LSFNCMT powders were prepared by the
citric acid-nitrate combustion method. According to
the stoichiometric ratio, La,O3, St(NO3),, Fe(NOs)-9H,0,
NiC4H6O4'4H20, CO(NO3)2'6H20, (NH4)6M07024'4H20
and C;¢H3¢04Ti were dissolved in nitric acid (metal
compounds : nitric acid=1 : 1 (in molar)), and citric
acid and ethylenediamine tetraacetic acid (EDTA)
were added according to citric acid : EDTA : metal
ion=0.8 : 1 : 1 (in molar). The solution was stirred and
heated on the magnetic stirrer until it became clear.
Then, an appropriate amount of NH3-H,O was added
to regulate the solution to pH 7, and stirred until
spontaneous combustion occurred. The obtained
powder precursor was calcined at 1050 ‘C for 5 h to
afford LSFNCMT powder. LSF was prepared by the
same method. Other powders such as NiO,
Zr0,85Y0,1502 (YSZ) and Gdo,lceo,gozﬂs (GDC) arc
commercially available (SOFCMAN).
1.2 Fabrication of SOFC

For symmetric cell, 0.25 g of GDC powder was ball
milled and pressed into a finished disc at 200 MPa,
then calcined in air at 1450 °C for 6 h. The resulting
GDC electrolyte pellet was then polished to a uniform
thickness. Before the addition of 2 g of 10% (in mass)
terpineol ethyl cellulose, 1 g of LSF/LSFNCNMT
powder was ground for 30 min. The slurry was ground
for another 2 h to afford the cathode slurry. Finally,
LSF and LSFNCMT slurry were uniformly coated on
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both sides of the GDC electrolyte sheet by screen
printing method, and calcined at 1000 ‘C for 3 h to
afford the symmetric cell LSF|GDC|LSF and the
symmetric cell LSFNCMT|GDC|LSFNCMT with the
cathode effective areas of 0.24 cm?.

The anode support of single cell was prepared by
the dry pressing method. NiO-YSZ anode powder was
prepared by ball milling with NiO, YSZ and starch as
raw materials according to a mass ratio of 6 : 4 : 3. In
this process, alcohol was used as ball milling medium
and polyester/polyamine (KD-1)
dispersing agent. 0.4 g of dried NiO-YSZ powder was

copolymer as
pressed into #15 mm anode substrate. The anode
substrates were sintered at 1000 C for 3 h to afford
the anode support body. 10 g of YSZ powder was ball
milled with 2% (in mass) KD-1 dispersant, 20 g of 5%
(in mass) terpineol ethyl cellulose and 25 g of acetone
for 24 h to afford the electrolyte slurry. Electrolyte
films were prepared by the spin-coating method. YSZ
slurry was spin-coated on NiO-YSZ anode substrate
for 3 times at 6000 r/min, and then sintered at 1400 C
for 10 h to prepare the NiO-YSZ|YSZ half cell. A
GDC buffer layer was further added between the
electrolyte and the cathode. The preparation process of
GDC paste is the same as that of YSZ paste above.
The GDC slurry was uniformly spin-coated on the
surface of YSZ at 5000 r/min for 30 s, and sintered in
air at 1300 C for 3 h to afford the barrier layer. The
cathode paste was coated on the surface of the barrier
layer by the screen-printing method, and then calcined
in air at 1000 ‘C for 3 h to afford single cells
NiO-YSZ|YSZ|GDC|LSF and NiO-YSZ|YSZ|GDC]
LSFNCMT with effective cathode areas of 0.24 cm®.
1.3 Characterization

The phase structure of the cathode powder and its
chemical compatibility with the electrolyte were
characterized by X-ray diffractometer (XRD, Bruker 8
Advance) at room temperature within 26=20°-80°.

Scanning electron microscopy (SEM) was used to
analyze the morphology of cathode materials and cells,
and energy dispersive spectroscopy (EDS, Oxford
Instrument Aztec Energy) was used to analyze the
distribution of elements in the samples. The electro-
performance, including
(I-V), electrochemical impedance spectroscopy (EIS)

chemical current—voltage
and steady-state voltage, was tested using an electro-
chemical workstation (IM6, Zahner). The electro-
chemical process of the cell was analyzed by the
relaxation time distribution (DRT) according to the
range of characteristic frequency of EIS data.

2 Resultsand discussion

2.1 Phase structure, microstructure and chemical
compatibility

XRD patterns of the cathode materials LSF,
LSFNCMT and the standard LaFeO; (PDF#75-0439)
are shown in Fig. 1. Both materials possess single
perovskite structure, and no second phase is detected
(Fig. 1(a)). After doping with B-site elements, the main
peak of LSF moves toward higher angle (Fig. 1(b)),
which is attributed to the disparity between the ionic
radius of the doped element and that of the B-site
cation, resulting in a contraction within the lattice
structure of the material.

In order to achieve chemical compatibility between
cathode material and electrolyte, cathode material was
mixed with electrolyte YSZ and GDC at a mass ratio
of 1 : 1 and calcined at 1000 C for 10 h. The impurity
peaks of calcined LSF-YSZ and LSFNCMT-YSZ in
XRD patterns (Figs. 2(a, b)) indicate the occurrence of
a phase reaction between the cathode material and the
YSZ electrolyte. XRD patterns of LSF-GDC and
LSFNCMT-GDC powders (Figs. 2(c, d)) exhibit a
physical superposition of diffraction peaks corresponding
to LSF and GDC (Fig. 2(c)), as well as LSFNCMT and

() (®)
~ ﬂ |  LSFNCMT |~ LSFNCMT
\‘?’/ | \‘?./
| | LsF |5
i | S E
L PDF#75-04
‘ aFeO, PDF#75-0439 LSF
1 L | | L | L 1 L . L L L L L L
20 30 40 50 60 70 80 30 31 32 JEE 34 35
20/ (%) 20/

Fig. 1

XRD patterns of (a) LSF, LSFNCMT and LaFeO; (PDF#75-0439) samples; (b) Local zoom of main peaks



1436

I e

@ *: Impurities

LSF-YSZ
* *
LSF
A A JL A A

“‘ YSZ

Intensity / (a.u.)

20 30 40 50 60 70 80

Intensity / (a.u.)

%40 %
(b) v: Impurities
v LSFNCMT-YSZ
YWy, v 7 M v
A\ LSFNCMT
‘\‘ YSZ

20 30 40 50 60 70 80

20/ (°) 20/(°)
© o «: LSF a: GDC @ o 5: LSFNCMT 6: GDC
' *a a LSF-GDC . Se 0 o LSENCMT-GDC
~ *| ~~
g1t e The  se iR 5 S5 % s 9%
z 2 LSFNCMT
§ LSF E
k= ‘ = ‘
M GDC H GDC

20 3 40 50 60 70 80
20/ ()

20 30 40 50 60 70 80
20/ ()

Fig. 2 XRD patterns of mixture of electrolyte materials YSZ with LSF (a) and
LSFNCMT (b) and GDC with LSF (c¢) and LSFNCMT (d)

GDC (Fig. 2(d)), without any new impurity peaks.
Therefore, it is imperative to incorporate a GDC
barrier layer between YSZ electrolyte and the prepared
cathode material. Fig. S1 shows the microscopic
morphology of LSFNCMT powder. In SEM image of
the LSFNCMT sample sintered at 1050 ‘C for 10 h
(Fig. S1(a)), the particles are homogeneously distributed.
In EDS spectra of LSFNCMT (Fig. S1(b)), La, Sr, Fe,
Ni, Co, Mo, Ti and O distribute uniformly without
any segregation.
2.2 Electrochemical properties

Fig. S2 and Fig. 3(a) show EIS spectra measured at
650-800 °C for symmetric cells prepared with LSF
and LSFNCMT materials, respectively. To investigate
the impact of high entropy at the B-site on R, of the
cathode material, Figs. 3(a, b) and Fig. S2 are
presented with the Ohmic impedance (R,) of the
symmetric cell eliminated. R, of the LSF symmetric
cell at 650, 700, 750 and 800 °C are 5.01, 2.00, 0.77
and 0.31 Q-cm?, respectively (Fig. 3(c)). Conversely,
R, of the LSFNCMT symmetric cell are only 1.21,
0.49, 0.22 and 0.11 Q-cm’ at the same temperatures,
indicating enhanced ORR activity of the LSFNCMT
electrode. Fig. 3(d) shows R, and corresponding
Arrhenius curves of both electrodes. The activation
energy (E,) of two cathode materials was obtained by
slope calculation. The fact that £, for LSFNCMT is

124 kJ-molfl, which is 18.4% lower than that of LSF
(152 kJ'mol™), indicating that LSFNCMT cathode
material possesses a lower oxygen exchange energy
barrier, which is beneficial for the oxygen exchange
kinetics and ORR activity of high-entropy material, as
confirmed by EIS tests below.

The mechanism of ORR on the oxygen electrode
and its rate-limiting steps are further clarified by EIS
tests and corresponding DRT diagrams under different
oxygen partial pressures (p(0;), N,/O, mixture).
Fig. 4(a) and Fig. S3 show EIS spectra of LSFNCMT
and LSF cathodes under different p(O;) at 700 C,
respectively. R, of the cathode increases as the p(O,)
decreases from 2.1x10* Pa to 1x10° Pa, indicating a
strong correlation between the catalytic activity and
the oxygen concentration. Due to the fact that ORR is
a process of oxygen dissociation/adsorption and bulk
oxygen diffusion, R, is dependent on p(0O). To
distinguish the rate-limiting step in ORR process, DRT
analysis is further performed (Figs. 4(b, ¢)), revealing
three distinct peaks at low frequency (LF),
intermediate frequency (IF) and high frequency (HF)
reaction processes. In Fig. 4(c), DRT results show that
the resistance of the high-entropy electrode in the LF,
MF and HF regions is significantly less than that of
LSF, indicating faster oxygen surface exchange rate of
the high-entropy electrode. According to the
relationship between R, and oxygen partial pressure:
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Fig. 3 Electrochemical performance of symmetric cell under different temperatures in air
(a) EIS spectra of LSFNCMT electrode; (b) EIS spectra of LSF and LSFNCMT electrodes at 800 C;
(c) R, and (d) corresponding Arrhenius plots of two symmetric cells
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Fig. 4 Electrochemical performance of symmetrical cell under different p(O,) at 700 'C
(a, b) EIS spectra (a) and DRT curves (b) of LSFNCMT; (c) DRT curves of LSF and LSENCMT under p(O,) of 2.1x10* Pa at 700 C;
(d) Dependence of each R, as a function of p(O,) for LSFNCMT. Colorful figures are available on website

R,=k(p(0,))”", the value of the reaction order (n) reaction at the cathode encompasses intricate
corresponding to R, is calculated to determine the processes, with the n values corresponding to distinct
main rate-limiting step of ORRM. The electrode electrochemical reaction processes. Fig. 4(d) shows n
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values corresponding to HF, IF and LF under different
p(Oy) are 0.21, 0.26 and 0.22, respectively. Among
them, n=0.21 (HF) is related to the transfer of O*
across the electrode—electrolyte interface™), #n=0.26
(IF) is related to the dissociation of O, to 20,4; and
O, to Oa{lm], and n=0.22 (LF) is related to the
adsorption/desorption of oxygen and ionic diffusion of

oxygen on the bulk/surface!*.

The high-frequency
region remains relatively constant as p(O,) decreases,
while the MF/LF region gradually increases (Fig. 4(b)).
This observation suggests that the rate-limiting steps
of the ORR process in LSFNCMT are associated with
oxygen dissociation, electron transfer and mass transfer.
2.3 Cr-tolerance and stability of half-cells
application of SOFCs, the
volatilization of chromium in the connection material
the

cathode materials and chromium vapor, resulting in

In the practical

leads to reaction between Sr/Ba-containing

the formation of an insulating layer and subsequent
This
chromium poisoning, primarily occurs due to the

cell degradation. phenomenon, known as
interaction between nucleating agents and chromium
vapors that readily separate at the surface and react
with each other™™ . The stability and chromium
resistance of the LSF and LSFNCMT cathodes are
assessed by the variation in R, under a cathode current
density of —200 mA-cm’, an operating temperature of
700 °C and a flow rate of ambient air of 30 mL-min .
EIS spectra of LSF cathode and LSFNCMT cathode in
the presence of Cr,O; are shown in Fig. S4(a) and
Fig. 5(a). The presence of Cr vapor significantly
the performance of LSF cathode
(Fig. S4(b)), as evidenced by the notable increase in
R, for both Cr-LSF cathodes (from 2.62 Q-cm > to

7.90 Q-cm %), suggesting a decline in ORR activity

deteriorates

due to the presence of Cr,O;. However, it is worth
noting that the LSFNCMT cathode (Fig. 5(b)) exposed
to Cr,03 exhibits relatively lower increase in R, (from

4
(@) Cr-LSFNCMT 700 ‘C  * 5 min 10h
(200 mA-cm2) 410min ®12h
v15min  *20h
3 *1h *22h
‘" “6h
o
8
|
1t
§;; "] j‘ ‘t&'}ii
0 -
0 1 2 3 4

Z'/ (Q-cm?)

1.07 Q-cm? to 298 Q-cm?), indicating improved
chromium resistance due to high-entropy doping at the
B-site of the LSF cathode. On the one hand, Ti—O
bond in LSFNCMT possesses a more negative ABE
than Fe—O bond, suggesting that Ti—O bond is stronger
than Fe-O bond™",
replace Fe with Ti for the stability of the material. On
the other hand, Ni, Co and Mo cations possess higher
acidity than Fe cation at the same valence!*”. Thus,

Therefore, it is beneficial to

under a Cr-containing atmosphere, these cations are
less likely to react with highly acidic Cr vapors, which
is conducive to the stability of the material.
2.4 Performance of single cells

I-V curves and power density curves for the single
cells using LSF and LSFNCMT cathodes with wet H,
as fuel and air as oxidant are illustrated in Fig. S5 and
Fig. 6(a), respectively. The MPD of the single cell
using LSFNCMT cathode remarkably increases by
33.13% (in volume) at 800 C, compared to the cell
using LSF cathode (Fig. 6(b)). The superior
electrochemical performance of LSFNCMT cathode is
attributed to its enhanced ORR activity. The open
circuit voltage (OCV) of the single cells decreases
with the temperature increasing (Fig. 6(c)). At 800 C,
OCV of the single cell with LSFNCMT cathode is
1.072 V, close to the theoretical value under these
conditions, indicating effective sealing of the cell.
MPDs of Ni-YSZ|YSZ|GDC|LSF single cell are
159.62, 305.86, 530.93 and 830.74 mW/cm® at 650,
700, 750 and 800 ‘C (Fig. 6(d)). MPDs of the
Ni-YSZ|YSZ|GDC|LSFNCMT single cell at 650, 700,
750 and 800 ‘C are 242.18, 425.74, 666.08 and
1105.26 mW/cm?, respectively. The high-entropy
doping at the B-site facilitates the kinetics of oxygen
migration, thereby augmenting the electrochemical
performance. EIS spectra of two single cells in the
open circuit state are presented in Fig. S6 and Fig. 7(a),
respectively. Impedances for both cells decrease with

5

() —— LSFNCMT

4l Cr-700 C-(—200 mA-cm™)
T3}
o
<
\n 2 L
=<

1L

0 1 1 1 1 1

0 5 10 15 20 25
Time /h

Fig. 5 EIS spectra (a) and variation of R, (b) of LSFNCMT symmetric cell within 22 h in Cr vapor at —200 mA-cm 2 and 700 'C
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(a) I-V and power density curves of LSFNCMT cathodes; (b) /-7 and power density curves of LSF and LSFNCMT
cathodes at 800 ‘C; (c) OCV and (d) MPD varied with temperature of different single cells
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Fig. 7 Electrochemical performance of the anode-supported single cell at 650-800 ‘C in wet H, (3% (in volume) H,0)

(a) EIS spectra of LSFNCMT cathode; (b) EIS spectra of LSF and LSFNCMT cathodes at 800 C;
(c) R, at different temperatures and (d) corresponding Arrhenius plots of different single cells

increasing temperature, but at the same temperature, cell at 650, 700, 750, 800 °‘C are 2.74, 1.17, 0.59,
the LSFNCMT exhibits a smaller R, compared to the 0.36 Q-cm?® for LSF cathode, and 1.11, 0.47, 0.37,

LSF (Fig. 7(b)). As shown in Fig. 7(c), R;, of the single 0.24 Q-cm’ for LSFNCMT cathode, respectively. £, of
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Fig. 8 Cross-sectional SEM image of single cell with
LSFNCMT cathode

LSF (108.1 kJ'mol ") and LSFNCMT (81.5 kJ-mol ™)
single cells are calculated from R, at different
temperatures (Fig. 7(d)), indicating that high-entropy
doping at the B-site significantly enhanced the ORR
activity of LSF cathode materials.

Cross-sectional SEM images of LSF|GDC|LSF and
LSFNCMT|GDCILSFNCMT  after
presented in Fig. S7. GDC electrolyte exhibits

testing  are

relatively high density, and the thickness of cathode
material is approximately 20 pm. Cross-sectional
SEM images of two single cells are shown in Fig. S8
and Fig. 8, respectively. The thicknesses of both
electrolytes are around 12 pm without any evidence of
cracking or detachment at the cathode/electrolyte and
anode/electrolyte interfaces after testing. These results
highlight that both half-cells and single cells of
LSFNCMT cathode material and LSF cathode material
exhibit good stability.

3 Conclusions

In this study, B-site high-entropy perovskite oxide
Lag 7Srg3(FeNiCo)ysMog 1 Tip 1055 is designed and
used as the cathode material for SOFC. LSF and
LSENCMT exhibit excellent chemical compatibility
with electrolyte GDC. At 800 C, R, of the symmetric
cell with LSFNMCT cathode (0.11 Q-cm?®) is lower
than that with LSF cathode (0.31 Q-cmz), indicating
the superior ORR activity of LSFNCMT material.
Furthermore, LSFNCMT exhibits superior chromium
resistance compared to LSF, which can be attributed to
the outstanding stability derived from the high-entropy
design. The performance of single cell reveals that the
B-position high-entropy design enhances catalytic
activity of LSF material, resulting in a higher MPD of
the single cell (1105.26 mW-cm ™~ at 800 ‘C) with R,
of 0.24 Q-cm’. In general, the high B-site entropy of
LSF cathode improves the catalytic activity and

chromium resistance, making it a promising candidate
for SOFC applications.

Supporting materials

Supporting materials related to this article can be
found at https://doi.org/10.15541/;im20240410.
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Fig. S1 SEM image (a) and corresponding EDS element mappings (b) of LSFNCMT
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Fig. S2  EIS spectra of symmetric cell with LSF electrode ~ Fig. S3  EIS spectra of symmetric cell with LSF electrode
in air at different temperatures under different p(0,) at 700 C
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Fig. S4 EIS spectra (a) and variation of R,, (b) of symmetric cell with LSF electrode
within 22 h in Cr vapor at —200 mA-cm ™~ and 700 C
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Fig. S5 [-V and power density curves of single cell with LSF  Fig. S6  EIS spectra of single cell with LSF cathode at
cathode at 650-800 C with wet H, (3% (in volume) H,0) 650-800 ‘C with wet H, (3% (in volume) H,0)

Fig. S7 Cross-sectional SEM images of symmetric cells with LSF (a) and LSFNCMT (b) electrodes

Fig. S8 Cross-sectional SEM image of single cell with LSF cathode



