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Preparation and Properties of Bi;_.Ca,FeQ;_; Cathode Materials for
Intermediate-Temperature Solid Oxide Fuel Cell

FENG Weiwei, ZHAO Huifen, SHEN Muyi, CHEN Han, GUO Lucun
(Nanjing Tech University, College of Materials Science and Engineering, Nanjing, 211816, China)

Abstract: Developing cathode materials with superior electrochemical activity is of great importance to the application of
intermediate-temperature solid oxide fuel cell (IT-SOFC). In this paper, Bi,_,Ca,FeO;_s (BCFx, x=0.1, 0.2 and 0.3) compounds were
synthesized via solid-state reaction as a cathode material for IT-SOFC. The phase structure, electrical conductivity, oxygen transport
performance, and the electrochemical performances of these compounds were evaluated. The as-prepared BCFx compounds show a
single-phase perovskite structure. Among the BCFx materials, BijgCag,FeOs ;5 (BCF0.2) oxide has the maximum electrochemical
catalytic activity. The polarization resistance of BCF(.2 cathode on symmetrical cell is 0.06 Q-em? at 750 C in air. Meanwhile, the
maximum peak power density of Ni—(Y,03)0.0s(Z102)0.02(Ni—8YSZ) anode-supported single cell reaches 730 mW-cm? at 750 C. As is
indicated by the electrical conductivity relaxation, the favorable oxygen reduction reaction catalytic activity of BCF0.2 can be
ascribed to the higher oxygen bulk diffusion and surface exchange coefficient. The results of oxygen reduction kinetics reveal that the
dissociation of adsorbed molecular oxygen is a limiting step for oxygen reduction reaction on BCF0.2 cathode.

Keywords: solid oxide fuel cell; cathode; electrical conductivity relaxation; electrochemical performance
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Table 2 Oxygen bulk diffusion coefficient (D) and

surface exchange coefficient (K,.,) of BCFx at
750 °C

=Z"[(Q-cm?) =Z"[(Q-cm?)

-Z"/(€-cm?)

Sample Dchem/(cmz-s’l) Kchem/(cm-s’l)
BCFO0.1 1.85x107* 1.61x107
BCF0.2 2.92x107* 2.49x107
BCFO0.3 1.40x107* 1.27x107
.ut.
2.5 BAL=EMRENRK

&l 7a 4 BCFx R FIFAAE 600~750 CHiALRH
b E T2k, & 7a AT, BEE IR E T
B BEANRE AR AL BB W BRI, R B HLAL
S ARAE SR N A S 3 AT . AR B A0 BE BT R I
(*) Arrhenius X R 1HHGHFEMN BCFO.1. #i
BCF0.2 FIFEfh BCF0.3 HIVEILAE 51N 128.64
128.1 kJ/mol A1 129.2 kJ/mol. P 7b ¥ BCFx &%l
FAMRAE 750 C I FEAL 22 A8 T B B0 (BIS), 8% &
BRI AT B 5 S Bl 1) A R 2 2 AR SR B AR I B Ak
BHHT Ry, BCARHTEFERE, O RKEBEBLEAT
VA ALFE . BES BCFO.1. BCFO0.2 FlkE i BCFO0.3
£ 750 “CI HIARALFLFIZ BI04 0.067. 0.060 Q-cm’
10.083 Q-cm®, AT SCHRHRIE (1350 73 JE B B A A4
BHEE 3). bAh, FES BCF0.2 HAk BHPUIR T #E 5
BCF0.1 FIFE g BCF0.3, #R¥E ECR MIRSE R, #f

0.03 10°Hz 10 Hz BCF0.1
0.02 Wooo“““% 10" Hz
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0.00 :
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Z'(Q-cm?)
0.03
0.02 10’ H7 g000090 "o 1 'Hz peroz
0.01 W IOHZ 102Hz
0-09 00 0.06 0.09
Z'(Qcm?)
0.04r 10°Hz 10Hz BCF0.3
J 1
o.ozw 2000092020900 QQQZHZ
0-99,00 0.06 0.09
Z'I(Q-cm?)

(b) EIS of BCFx cathodes at 750 'C

E, is the activation energy obtained from the arrhenius plot between polarization resistance and temperature

Kl 7 BCFx (x=0.1+

0.2+ 0.3)BA AR AL BELBT(R,) B FEAZ Ak il 26 R 750 “CH 1) BCFx BAARAZ it BT i

Fig. 7 Variations in polarization resistance (R;) values with temperature for the BCFx (x = 0.1, 0.2, 0.3) cathodes and
electrochemical impedance spectroscopy (EIS) of BCFx cathodes at 750 ‘C
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Table 3 R, of various iron-based cathodes

Cathode Electrolyte R,/ (Qcm?®) Temperature/'C  Reference
B sSrosFeOs5 GDC 0.210 750 [38]
BaFe9Bij 1055 GDC 0.133 750 [39]
LaggSro,FeOs s SDC 0.175 750 [40]
Biy sBag sFeO; s BZCY 0.185 700 [22]
BCF0.2 GDC 0.060 750 This work

GDC is Ceo_ngo_lol_g; SDC is Smo_zce(]_gO%g; BZCY is BaZro,ICemYo_zO;,(;.
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& 04r
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(b) Fitting results

L is inductance; Ronm is the overall ohmic resistance; Ry is the high-frequency Ry, Rir is low-frequency R,; CPEyr and CPEjf are the constant phase elements

K8 600~750 'C, BCF0.2 B F A 2 A2 e BT AN 2 R R B AU 45 45 R
Fig. 8 EIS of BCF0.2 cathodes at 600—750 “C and fitting results of EIS plots of BCF0.2
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(a) EIS at 750 C under different oxygen partial pressures
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(b) Variation of Ryr and Ry r with oxygen partial pressure

K9 750 ‘CH} BCF0.2|GDC|BCF0.2 TEA A4 5 R 1 EIS LAK Rye A Ry g
Fig. 9 EIS, Ryrand Ry of a BCF0.2|GDC|BCF0.2 symmetrical cell at 750 ‘C under different oxygen partial pressures
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