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Synthesis and Electrochemical Properties of La, Bi .CuQO, Cathode Material

PANG Shu-Tong ZHAO Hui”*
(College of Chemistry, Chemical Engineering and Materials, Heilongjiang University, Harbin 150080, China)

Abstract: The cathode material La, Bi CuO, (x=0, 0.05, 0.10) for solid oxide fuel cell was synthesized by glycine-
nitrate method. The phase of the material was analyzed by X-ray diffraction (XRD) method. The results show that
the material crystallizes in peroskite-type single phase oxide. Due to the increase doping amount of bismuth, the
space group of the material changes from Fmmm to [4/mmm. The unit cell volume increases with the doping amount
of bismuth. La, Bi CuO, cathode materials were found to show no chemical reaction with the electrolyte
Sm,,Ce,0,, (SDC) at 950 °C for 24 h, indicating the good chemical compatibility of La,_ Bi CuO, with SDC materi-
al. The bismuth doping significantly increased the electrical conductivity of the material. The highest conductivity
reached 90.3 S-cm™ at 350 °C for La,,Bi,,Cu0O,. The temperature programmed desorption (TPD) measurement
proves that bismuth doping promotes the surface oxygen absorption ability of La, Bi CuO, material, and
La, 4Bi,,CuO, shows the largest amount of oxygen vacancies among the Bi-doped materials. The electrochemical
properties of La,_Bi CuO, cathode materials were further studied by AC impedance spectroscopy under different
oxygen partial pressures. The polarization resistance of La, ,Bi,,Cu0, was 0.26 Q -cm” at 700 °C in air. The peak
power density (PPD) at 700 °C was 308 mW -cm™ for the SDC electrolyte supported single cell NiO-SDC/SDC/
La, oBi, ,,CuO,. The reaction rate limiting step is identified to be a mixed step involving the gas oxygen diffusion

through the porous cathode and the surface adsorption process.
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Table 1 Cell parameters of La,_ Bi CuO, materials
Sample Space group a/nm b/ nm ¢/nm V/nm? R, 1% R, /% X
LC Fmmm 5.359 5.401 13.155 380.74 8.378 10.877 1.523
LBCO0.05 14/mmm 3.798 3.798 13.176 190.10 12.385 16.357 3.372
LBCO.10 14/mmm 3.799 3.799 13.186 190.29 11.537 15.170 2.731

AR R R4S 24 he 8 1e M LBCO.10+SDC FI LBCO.10+
Laossro,lGao,sMgo.zoz.ss(LSGM)*)/J\MgE’@ XRD K|, Hﬂ ]
U, #5111 5F e 4351 U5 J& 4 LBCO.10,SDC 1 LSGM
) 5 AIF 16, & B 2% A0 A= s B 1d A LBCO.10+
CeyoGdy,0,0(CGO)Y LA B2 LBCO.10+Zry5,Y 160, 00(YSZ)
IREBMIERKXRDE . 5 CGO . YSZ¥HAR XRD & %t
Fb Al AL TR A R AR R CGO AT S I K A E RS B
ORI R La” B 122 KT Ce*, 2 LBCO.10 H1 11 La
BAF CCOH, T CCO By FHMIARFE K, 75 4k, 1A
FE LT A JE T LBCO.10 F1 CGO ) Z& I, 1] fig J2&
La* M LBCO.10 H ¥ HL 2 CGO 77 2 i i 41 BIAL &
Y (Ce, Gd, La)0,,, ZAb& Wi — Pl s 7 gL T
CGO ALY B 7 SR, X BB M BE A 52 i %) T
LBCO.1+YSZ R & , i #L TAJ& T LBCO.10 F1 YSZ
(%06, T J& N La,Zr,0, Be g A BAL-S ™ Kt
FEUE S IZ W) AH BH P 2 - 0 A% i, DAL 25 ™ 5 5% )
FIRR A RE 5 DA 25 5 32 B 7E 950 “CLAPY LBCO.10 #4 %}
55 HLff 5T SDC AT LSGM B AT R 47 i Ak 2 AR 2 1
A TAEH R SDCAE N Hf T, A TR a2 .
2.2 La, Bi.CuO,HJABMKINKEBEXRSH

1E R SOFC 1 B A BE , AN ZE SRk AR T ARl
JEE 3 PR P LA e v T L R T LR SR I K R
BR 5 HEHTHILE .. R ERATR T &R 51
W RE Y BRI K Bl 2k, I 2a B R o S AT,
La, Bi,CuO, 5 5 #4 B i #A I ik 52 B (TEC)TE 1.210x
107°~1.302x10~ K™ [l 4 , 1T SDC HAL i 51 1) 24 ik
RN 1.23x107° K, A B A BAF 9 $4 BK D fid
PEfE .

LS 23 1 R (IR RN R 5 BB AE A SOFC B
WA B — AT bR . b, FRATR DU 7
%) La, Bi, CuO, M RHIEAT 51 i HL S 2R I3, 45 2R 4n
Kl 2b iR . AT UL Bi B 24022 T La,CuO, 1Y S HLAT
Ko La,CuO, 11 HL T 2R 25 0 30 3 1) ) v 22 344
IS, RIS AT R, MIXT LBCO.05
FTLBCO.10, 1A 2 (1) i 5 25 it o 00 308 B2 1 o v, 22
S Se G KIS /N a3 78 350 CHBL ) . X
Al RS2 48 Bi PP B (R 8 2% 2538 40 d A s 11 o

FiAN, Bi B BE R T T La,CuO, Y HL 5%, 3/
oA Ak I 3R R S T A 1 e A R 3R 4331 O 6.64
55.31#190.30 S-em™ . % JEH| La, Bi, CuO, M EHEA
RS ERT S50 , 2RI T 3 BAE b -1 PN L 4
JE— S AT A, B Uk A RAR U La® A 17
Bi JLZ 1 65 IR HL -7 Cu—O i P By L 115 5
o B HESIE T, UL B H SR B 2 Bi B4k i
(R I 328 T 1 R

0.016
(@) -

ool TEC /K °
@ x=0 1.295x107°

0012F g x=005 1210x10° °
ool @ x=010  1302x10%

Fitting line
T 0.008 |-

AL/ L,

0.006 |-

0.004 |-

0.002 |-

0.000

_04002 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900
Temperature / C

48
(b)
46+ . 09°%°
)
44+ o QOOQOOQQQ
= ® 0% 90900000
£ 42 o°
¥ @ QLC
@ 40 @ LBCO0.05
= @ LBC0.10
5 338 °
= 9
°°°
36 %ag,
°°°°°

34l °°°°°°nam..,,%

1 1 1 1
0.8 1.3 1.8 23 2.8 33
1000/T /K™

B2 La, Bi CuO, BRI () BIZIK LA (b) FL T
Wt L JEE A A T

Fig.2 (a) Thermal expansion curves and (b) variation of

conductivity versus temperature for La,_ Bi CuO,

materials

2.3 La, Bi CuO,### O,-TPD 5> %7

R T WFFE R W C4ERE T, 54T O,-TPD
B RME 3R, — BRI, FEFEM R TAH « B



12 PEIRIEAE : La,_ Bi CuO, B AT BHA A B HL Ak 241 i 2189

Fly =Bt 8 o, P A A I B L £ 5 (/D
T 400 °C)XT iz 2% T A9 Ab 2 B4R, B - S8 i 5 15
S AE IR BE (T 700 C)XF I 14 fa ks 48, B A -
Y5 3 (552 T 400 F1 700 CZ2 0] 1 Ky B-SE 8 i, ixX
P 0T 5 A B AR AR I R b A G . 1B 3 iR AE
350~550 CZ[R] 3R AT B4 & A o- M B-SA M . 18

A 0T 1 v ) R AT I UL, TR 0T 0
R 2). Al WLEEE BiB 2% & BN, a-F1 -84
B4 5 i A O (M TR AR ). X TR Bi BB A%
AT AL Hh a2 (57 35 S 4 0 ] 35 1 R B 42 19
JIHE 5 XA T B AL A SRR

LC

@ Measured data Peak 1

Fitting line

LBCO0.05

@ Measured data

Peak 1
Fitting line 7

1 1 1 1 1 1
100 200 300 400 500 600 700 800
Temperature / °C

1 1 1 1 1 1
100 200 300 400 500 600 700 800
Temperature / °C

LBCO0.10

@ Measured data

Fitting line

Peak 1

Peak 2

1 1 1
100 200 300 400

1 1 1
500 600 700 800

Temperature / °C

E3  La, Bi CuO, MK TPD HiZE
Fig.3 TPD curves of La,_Bi CuO, materials
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Table 2 Peak fitting values of TPD curves of La, Bi CuO,

Peak 1 Peak 2
Sample
Temperature / °C Area Temperature / °C Area
LC 371 45.8 456 20.6
LBCO0.05 378 64.7 469 79.6
LBC0.10 384 92.6 508 85.2
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different oxygen partial pressures
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