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Iron-based Perovskite Material LagsMq75Fe03 s (M=Ca, Sr, Ba): Preparation
and Performance as Cathode for Solid Oxide Fuel Cells

YANG Henggiang, ZHANG Xinyue, MA Yichu, ZHOU Qingjun

(College of Science, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The performance of solid oxide fuel cell (SOFC) is mainly constrained by the cathode's oxygen
reduction reaction (ORR), which is crucial for overall cell efficiency. In this study, Lay,sM,75FeO;_s (M=Ca, Sr, Ba,
abbreviated as LCF, LSF, LBF) perovskite cathodes were synthesized based on tolerance factors and structural
design, and effects of Ba, Sr, and Ca doping on electrochemical performance was examined. Different alkaline earth
elements have a significant effect on the crystal structure. LBF is Pm-3m cubic phase, LSF is R-3¢ rhombohedral
phase, and LCF is a composite phase of P21ma orthogonal and Pcmn rhombohedral. Difference of crystal structure
also leads to various thermal expansion coefficient (TEC) and electrical conductivity. LCF possesses the smallest

TEC (1.38x107° K "), while LSF possesses the highest conductivity, which reaches 404.4 S-cm ' at 550 °C. All
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three Fe-based cathodes exhibit excellent stability in air and CO, atmospheres, as well as chemical compatibility

with electrolytes. In addition, different alkaline earth elements also affect catalytic activity of the material. LSF and

LBF have low area specific resistance (ASR). At 800 °C, their ASR are only 0.022 and 0.027 Q-cm’, which are

better than the 0.351 Q-cm” of LCF. The higher oxygen reduction activity is attributed to its crystal structure,

oxygen adsorption and dissociation ability. In view of the advantages and disadvantages of Ba>", Sr°" and Ca®" in

cathode performance, medium/high-entropy design can be effectively introduced in A-site in the future to give full

play to their respective advantages to obtain SOFC cathode with excellent comprehensive performance.

K ey wor ds: solid oxide fuel cell; perovskite; cobalt-free cathode; electrochemical performance
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(a) XRD patterns and (b-d) Rietveld refined XRD patterns of LBF, LSF and LCF samples
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Tablel Lattice parametersof LBF, LSFand LCF
powders

Space WA
group

LBF Pm-3m 3.964
LSF R-3c 5.480
LCF-1 P21ma 5.450
LCF-2 Pcmn  5.425

/A Vokl}me/

62.264 8.59
349.249 8.12
341.347 14.33
448.293 14.33

b/A

3.964 3.964
5.480 13.428
11.265 5.560
14.775 5.593

Sample Ryy/% GOF

1.28
1.62
2.12
2.12
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Fig. 2 Stability of LBF, LSF and LCF samples and their compatibility with GDC
(a-c) XRD patterns of (a) LBF, (b) LSF and (¢) LCF calcined in 5% CO,-air at 800 ‘C for 10 h, and calcined in air at 800 ‘C for 72 h;
(d) Thermal expansion curves of LBF, LSF and LCF; (e) XRD patterns of LBF-GDC, LSF-GDC and LCF-GDC calcined at 1100 C for 5 h



212 80 MfER, 4 BRIEESERET Lag,sMo7sFeOs s (M=Ba, Sr, Ca) il % S HAE N E A A nsk ksl i v B AR A4 B R RERIF A 1369

148 5T B AR R B, 75 iR~
5 GDC $ZflA 5y A IR S T A I, A
R &5 1) 1D B AW AR i Ay 485 40 1 PR I T e B 45 5 IR
FF& A R B
23 O 5 Fe =M ERE

i 3 4 LBF. LSF. LCF ] XPS i, A[E#f
KL Ols Fl Fe2p W12k 4 fig S FLVETHI AR |5 Lu o)+
% 2. B 3(a~c) A Ols XPS Ei, Hr4s&aeifik
(529.03~529.15 V)1 HFAE U X B2 A4 AL 1 8 4% 4
(O, G5 BEHE(531.50~531.87 e V) HIHFAE I %]
TR T W Bt 280(Oa), 45 A RE 5t e PR AR7 A0 I 0T 1
BER K, Oug 1 EE(O4ag/(Oag+Orae)) I K /INIFE
N LSF>LBF>LCF. BHMA KRSk S EE S
AICJFE RN O AKX, MEREA G, A
JER TG Oaa 25 50 MM RL 2R THI B 74 338 1 7= A= 41
Bz b4, B 3(d~D)¥] Fe2p XPS i1 Ay 3L ik, Fe®*
5 R IERE S P AR, Rt EE B KNI N
LSF>LBF>LCF, 5 0, d 7 —3 (0 &S
Fe* i EL IFAH%). iX 368 LSF 1 LBF ] Fe* %,
5 XRD 43 #7453 3] LSF A1 LBF #1428 K5 72k

& Fe HHENIE .
24 MBMBSERSW

&l 4(a)’y LBF. LCF Al LSF (¥ H2 5:% (o) Bl I FE
(300~800 C)FIAE{LHHZE, LBF 5 LSF I 5K H4T
B A P (R T s e v R, S RAT A RO R
SRS S HENER, ERERET o 258
12.5(LBF). 404.4 S-cm '(LSF). ifii LCF 7E %A &
DX [8] N 200 SRR S AT N, 75 800 CHf o A
10.3 S-em ' LBF. LCF [¥] o S54R3# (1 [F 25 7 45 6k
W AEAL, 1 BagosLagosFeOs_s (11 Srem ™, 450 °C)120),
Bay sSro sZng,Fep 055 (9.4 Sem ', 590 C)*", LSF
HL 5 0z 1 T [F) 28 8 S R Fe EE5ERAT, AHEL Co
JEBAML (41 BagsSros(CoosFen2)ooY0103 5 (16 S-em ',
700 C)*¥1. Bag oPr.;CogsFep 30355 (35 S-em ',
700 ‘C)?%1, BagoNdy CogsFeq3035 (20 S-ecm™',
700 “C)*Ny 2 A3t . LSF HL 5 3R 50 v 14 S R 1 5
e O HEE s, S REZ AN E T
WF, YGRS S BB S, 1 i
TResh, RSt EZ TR S5 S H
L. A4, K 4b)AHFHEM Arrhenius % R K,

%2 LBF., LSFMLCF#RH Ols#l Fe2p AR ABEFEMSETHL
Table2 Binding energiesof Olsand Fe2p and theionic area content percentagesin LBF, LSF and L CF samples

Sample O,4/eV On/eV Fe*'/eV Fe*'/eV
LBF 531.77(70.40%) 529.13(29.60%) 710.25; 723.25(55.85%) 712.69; 725.57(44.15%)
LSF 531.87(71.67%) 529.03(28.33%) 710.29; 723.59(62.71%) 712.12; 724.95(37.29%)
LCF 531.50(66.93%) 529.15(33.07%) 710.18; 723.17(45.36%) 712.15; 725.40(54.64%)
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Fig.3 XPS spectra of LBF, LSF and LCF
(a-c) Ols and (d-f) Fe2p of (a, d) LBF, (b, ) LSF and (c, f) LCF
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(a-c) EIS results of LBF, LSF and LCF cathodes at different temperatures; (d) Equivalent circuit;
(e) Corresponding Arrhenius plots of the ASR; (f, g) DRT curves of EIS at 600 and 700 C
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