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Effect of Electrolyte Surface Microstructure on Interfacial Polarization Resistances
of Solid Oxide Fuel Cell Cathodes

SONG Shu-Xiang, WANG Yun-Long, XIA Chang-Rong

(CAS Key Laboratory of Materials for Energy Conversion, Department of Materials Science and Engineering & Collaborative
Innovation Center of Suzhou Nano Science and Technology, University of Science and Technology of China, Hefei
230026, China)

Abstract: The interfacial polarization resistance (R.) associated with cathode in solid oxide fuel cell (SOFC) is
affected by the electrolyte conductivity. In this work, the effect of electrolyte surface microstructure on the cathode
performance was demonstrated by analyzing electrochemical impedance spectra of symmetric cells which consist of
porous (LaggsSto 15)0oMnO;_s(LSM) and Lag ¢St 4Fep3C0¢,03.5 (LSCF) electrodes with Smg,Ce30,.5 (SDC) elec-
trolytes. The SDC electrolytes exhibited different surface microstructures, i.e. different grain sizes and grain
boundary densities as a result of various sintering conditions. SEM was used to investigate the SDC surface micro-
structure parameters and the relationships between these parameters and the polarization resistance ware discussed.
It is found that R.is greatly affected by the SDC surface microstructures and decreases with the decrease of grain
size, or the increase of grain-boundary density. Moreover, it is demonstrated that the oxygen ion transfer is signifi-
cantly increased by decreasing grain size for the oxygen reduction at the LSM cathode.

Key words: cathode; interfacial polarization resistance; grain-boundary density; electrolyte microstructure; soli-

doxide fuel cell

Wis HEA: 2014-03-31; WEMEFR HHA: 2014-05-14

HETHE: BHEHEE 973 T H (2012CB215403); H 5K AR -3 42(51372239)
Ministry of Science and Technology Project 973 (2012CB215403); National Natural Science Foundation of China
(51372239)

TEHEIN: RPBHE(1989-), %, WiEWFFY4E. E-mail:ssx2007@mail.ustc.edu.cn

BIRAEE: B K%, Z%. E-mail:xiacr@ustc.edu.cn



1254 T ALK R

029 4%

I A S8 AL ) R OR) R L (SOFC) S — Fh 5 AL 3R
B IR AR B A B /ESOFCHLHY
i, BB AR B A F BEL(R) A2 H it P BEL ) SR
B G, R HAR R B4 R R0 0 45 M M %, il TR A
(LSM) HL A I R AT A K T80 A8 4 2k (LSCF) IR, H
A B AE I LSM L), HR ZZAK T R ALSM
HAR IR LUK, R4S L TR L I L vl 3 R th 2
DI, M TR s A Ik, 7 b EC R e I Ak
B SRR BRI SA LB 2 AL B LR T L, R,
R BEARDY, AR 45 H I LSCF oAk, HRIBH T
BAAA Al TR N4, M5 % 8k 20mol %,
H1Smy »,Cens0,.5 (SDC), Reik Fl g /MY,

SR, H TR HL AR o % T ol 465 440 ) 1) OC & W)
ANERE . AR TAELLSDCHy Hufif 5, Lyt 77 v il
7% SDCH &, 18 3 o5 A8 Joe &5 il 5 FH I [R), 743 31 11
SDC HLfif T ELAT AN [F) A R T 5 440, B AT AN TR (1)
i T 5 PR LR /N, I DA ol el g 5 Ok Al
57 Y () B A AL B LSMARILSCF i Ha AL 27 P BE

1 RW7E

1.1 #HRH&

SDC(Smg 2Ce 30, 5) HL fift o #4418 o 3L i e
TIEIRTHIN o 5, (NHa)2COs 1 A UTTE A A 25
BT K, Ce(NO3); Al Sm(NO3); %Ak 2711 b
T B BV R R Eh VR ARG, R TR Eh ¥ I8
TN BIPCUE RIS, T RaR B b, HUisE

Y E 20 Ja, M5BT /KINTEK L5 it =,

B CE T, 80°C T4t 24 h, HETRIFEHET
800°C T Tiike 2 h, 1527521 SDC HLfE TR 4 o

K H SRR R b AR 10 & TR 1 LSM
((Lag $5Sr0.15)0.oMnO; ) F11 LSCF (Layg 6Sro.4Feq s Cog2 5.9,
SIG 0 BN SCHR[S-61 BTk o BT 1) 4 11 BH AR R 1A
800°C FTikE 2 ho BT AL 23R H R 51 [ 24 42 141
2R A R A ]
1.2 EBRRRE&ERREMEN

SDC M&4E 16 MPa F¥& &l FoaR, 1M Ja7E
AN T REAT e dh, Joe 5T 5 AR 5 1 o) 2 3l Ay
1350°C/5 h. 1450°C/5 h. 1550°C/5 h F1 1550°C/15 h,
HL A S JEE P 240 0.5 mm SDC FEL T 3 T 1 465 W) 5%
F SEM(JEOL, JXA-8100)3E1T3R1E, K H Imagel 4k
P, T8 G4 B SRR ST DL R R . R AR
AT R AE SDC AR T, JHAZ i BT
:(IM6e)Il 5 SDC HL AR T 1 1257 L 26, AL
4 600~750°C .

1.3 FMFREME &S50

W LSM WA SR AT L IELT4E 22 IR EEIR BE 3 h,
TE R AR R, 356 FRIb IR B AE SDC 18 B w i,
TG 1000°CHeSE 2 h, MRV NEERA, R
LSM MI#l# kLT, 4254 600°C#HukbHE 30 min,
733 LSM/SDC/LSM X} Fx Hijth . LSCF X F4 Hi jth )
#4520 B 5 LSM [2R40L, LSCF X FK H i e 45 4 1
0 1100°C/2 hoe FHLAK 22 AT S B0V I 2 Ho AR 1
AR, BP R, #25EH 4 1 MHz~0.1 Hz, 1%
PHEHA 10 mV.

2 HR5HIE

2.1 SDC BRI FTEMEN

Bl 145 T SDC Ui IR Eh i . 755550 4%
PER, USRS S BB B 4k, T, 1350°C /5 h R
1450°C/5 h Ff SR TAE(E DTS AL FIE KA HE
AL W, R AR JTORE i 1) AH S S0 5 3 8 ik
95%. B e 4h il V5 1 T i R RE 25 I A R 2B K,
PANWT KK, fm A A N 982>« H Tmaged BG4,
XPRE S R TTREAT 24T, 15 20 P34 ok R ST (m) BA
Je b A 5 (pm!, Blpm/pm®) g 1 FioR. Bk
SEUREE N 1350°CTHREE] 1550°C, ¥ 8k R <F A
0.83 pm MY N 2 4.89 pm; if 75 L 5 IUAH [ a3,
M 1.2 pm ! BEAEE] 0.23 um™. 75 1550°C F, M4ked
BRI S h G INE] 15 h i, gk R E— 20 14 n 21
7.49 pm, AN R FEE 018 um. BRAN, %1
BT LR TAE 750°C I L SR, Begl Shif=
AFEM R A A K, 17 1550°C/15 h a1
FARS B -

&

15 40 SEI

15 40 SEI

Bl 1 AIFbedi4& A3 SDC HfiRFELIH () SEM HY
Fig. 1 Surface morphologies of SDC electrolytes sintered
under different conditions

(a) 1350°C/5 h; (b) 1450°C/5 h; (c)1550°C/5 h; (d)1550°C/15 h
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Table 1 Average grain size, grain-boundary density, conductivity at 750°C for SDC electrolytes sintered at different conditions

Sintering condition 1350C/5h 1450C/5h 1550°C/5h 1550°C/15 h
Conductivity/ (S-cm™) 0.0380 0.0355 0.0348 0.0305
Grain size/um 0.83 1.51 4.89 7.49
Grain-boundary density/pm™ 1.20 0.66 0.23 0.18
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Fig. 2 Electro-performance of the symmetrical cells with
single phase LSM as the electrodes

(a) Impedance spectrum measured at 750°C; (b) Equivalent circuit used

to fit the impedance
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Fig. 3 Interfacial polarization resistances Versus grain size

(a) Resistance at various temperatures; (b) Resistance at 750°C for the
high and low frequency arcs
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Fig. 4 Electro-performance of symmetrical cells with single
phase LSCF as the electrodes

(a-b) Impedance spectra at 750°C for SDC sintered at different condi-
tions and (c) R, versus grain size of SDC
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