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Table 1 ~ The LSM composite cathodes with various YSZ additions and sintering temperatures

Electrode Compositions Current collecting Sintering
w(LSM) w(YSZ) layer temperature (K)
L1-4 40% 60% No 1573
L1-6 60% 40% No 1573
L1-8 80% 20% No 1573
L2-4 40% 60% LSM 1573
L2-5 50% 50% LSM 1573
L2-6 60% 40% LSM 1573
L2-8 80% 20% LSM 1573

il B LA RN 2 L R AR R R Pe R, FHERIRI Y 5 28 0 40 SR BT YSZ WA Y o —
M, 76 970 THHHE 1 h, FIFFHIXTEMEEUN 0. 64 cm?, SRR 0. 08 ecm?, 1 HE A N
5—10 pm.
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fE HL . { A Princeton EG&G173 AY, fit A5 376 HLIL L0 A, pRE R A= 45 R H GFG-8019G
(575), BUHKRACRH EG & 5204 7, & i Ab~A AU 2435 25 PC-486 N AIHRAMLEE T
SCHGIT, LSM B A ik . Pt X H M S L H R E TR Au MOE R HRICER, BRS Au
W (29 60 H ) Z [0 38 28 5 fin e A ORARE R A 2 i, AR A B RN S LR AR 20 0l 42 25 L 1, 2
FMER AL BB R E AT RN AT, FERRRE TN, WEN 100 mL -
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Fig.1 The microstructure of double-layer cathodes with various YSZ additions
@20 % YSZ, b0 % YSZ, ¢)50 % YSZ, d)60 % YSZ
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Fig. 2 AC impedance spectra of the Fig. 3 AC impedance spectra of the double-
single-layer cathodes with various layer cathodes with various YSZ addi-
YSZ additions at 1223 K tions at 1223 K
W20 %, ® 40 %, A 60 % W20 %, ® 40 %, A 50 %,V 60 %
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Table 2 The effect of YSZ addition on the linear polarization resistance (R), ohmic resistance ( Row)

and electrochemical resistance ( R.) of LSM composite electrodes

Elect- 1223 K 1173 K 1123 K 1073 K

rode Ri Rotm R. R Rotm R. R Rotm R. R Rotm R.
L1-8 1.4 0.29 1.11 2.48 0.35 2.13 4.79 0.43 4.36 8.77 0.58 8.19
LI1-6 1.18 0.9 0.28 1.7 1.24 0. 46 2.63 1. 68 0.95 4.72 2.46 2.26
L1-4 2.42 1.35 1.07 3.8 1.6 2.2 5.51 2.0 3.51 8.65 2.66 5.99
L2-8 2.28 0.47 1.81 4.31 0.55 3.76 7.73 0. 66 7.07 23.5 0.83 22.7
L2-6 0.78 0.36 0.42 1.32 0.43 0.89 2.46 0.55 1.91 5. 00 0.74 4.33
L2-5 0.30 0.12 0.18 0.52 0.15 0.37 0.98 0.20 0.78 2.02 0.27 1.75
L2-4 0.31 0.15 0.16 0.45 0.17 0.28 0.83 0.21 0.62 1. 74 0.28 1.46

P FAFTEE Y 0. 5 Hz ~ 100 kHz, 1545 5 | EQUIVCRT “53% H I 43 B 4K 14 7 it
FIBEL, SO A5 B AR AT Ri(R. Q1) (Rs Qo) WOIEZ . Horh Ry vl i) RRCARF FRLBHL
(R.= R: + Ry) MM AT AL LB (Bl ank 2). A 2 ATLVE N, 7E 1223 K T, &1 1 ik
Wi YSZ it 20% 3R E 40% , WAL (R) 22/, HBEE YSZ & it — P K H)
60% , AL LB RT3 S . 17 F A Y R L BHL ( Ron ) ASBTEE K . R 51 2 XUZ K G HUAE YSZ
(1445 44310 BT PN ) P A 2 ri BELRIT IR LB S AR B Y SZ 7 S 3G R0 /)y . 45 Al P 2 Pl A
FEL L TR Fi, LR FR A2 F B DL 36 2 BT AR AL AE — 10 mV ~ 10 mV BB N #E1 T .

MR 2 ATLVE L FE 1223 K L, R0 1 CRJZHEOBEE YSZ &M 20% 3 K2 40% , Ak
LA HL AN 1.4 Q- cm? FREE] 1,18 Q- em?, 1024 YSZ &K F] 60% I, A Ze M L
HLBH R I3 K # 2,42 Q- em?. PHTZ 3L, BiE YSZ (035244, b=l fH B B R R, Ak 20% 1574
1 1. 11 Q- cm? F| 40% B4%11 0. 28 Q- cm?. XZEF MRS YSZ Frat i3k, Ry — 405w
B Mo —J7 1Y YSZ & i KT 40% B percolation IIfi 45, LSM % 431 BUAS 2 22 (1) ki
5, i LSM + YSZ W SR EHY L S A TR/ (YSZ BRI/ T LSM L), B
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2L BHBE YSZ B SR s N, i LR F B A B S R R B A, LSM ARG EH
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E./ RT,#3L In( T/ R.) ~1/ T, o] LIAS A R0 iR IE AL RE , ansk 3. K 3 TR,
251 BEE YSZ e, BWIEILREM 1. 61 eV TIEH] 1. 37 V. RFI 2 1R TG AE N
AR RS 1 B, 1.97 eV FFER 1. 79 eV. SCHRIA R EFE LSM HL A 35 17 0 fi7t 125 W B 2
RIS ERE R 2.0 eV, THEE TN =AF R YSZ s L5 TS ALEEN 1.0 eV .
;AT A RE Y AE AL AT URIERE S YSZ 7 m A3 K, — ARG R, B S e 48 7E R e THT 1Y)
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Fig.4 Polarisation curves of the single-layer Fig. 5 Polarisation curves of the double-layer
cathodes with various YSZ additions cathodes with various YSZ additions at
at 1223 K 1123 K
W20 %, ® 40 %, A 60 % W20 %, @40 %, A 50 %,V 60 %
®3 AFE YSZ SENRRAIRUELEE
Table 3  The effect of YSZ addition on apparent activation energy of LSM composite electrodes
Sample L1-80 L1-60 L1-40 L2-80 L2-60 L2-50 L2-40
E./eV * mol™' 1.61 1.50 1.37 1.97 1. 86 1.82 1.79
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TR T — RGN FH AR B Ak, SR AE ., el iAo 5 BUE, S Rmm eih 4 . 78
1123 K T &5 1 MFRS 2 sai b th & an il 4 FEl 5. WK 4 TR, 251 1 BB YSZ &%
A 20% 3 KF 40% , HRGT AR AR, 7R PRI BE O 200 mA - em 2 B, SE LA 300
mV FFER] 100 mV, (BFE YSZ & H I — L INE] 60 % , WA AL AN, R i sk
fEPERES 20 % BYTEOUAIRL, X538 BLBT AL A AL 1 AR L A A — 2. FERS 2 Hh, itk
W HAIBEE YSZ A K — BT, 24 YSZ &R 50% I, i ik Bl fe/ )y, 18 FL %
41000 mA * cm =2 B, i B 298 350 mV. 24 YSZ & &8 K E] 60% B, EAR IR BB, 75 i
H 60% YSZ B HLA i LA H 7 A 50% YSZ A HL AR A LA /N, AR R AL (KT 200
mV) B, E5H 50% YSZ 0 R LA 5 52 60% YSZ 1 LR HL (/)N - 3X AT RS R R
50% YSZ & 60% YSZ TE = (I HLAL T A RR B e =AM FLm i e = stk th 2 4, 78
il AL, R EBIE RIS, TR T, R AR R 2 W R R T
LSM A ARMEAR A T BE T F A2 16 AN o 2 B

3 &

(1)  LSM M F484% YSZ HLAR T, e A S0h Y K E M — FLAR T — SR = AR, fli e fk
SRR S . HE R YSZ B AN Y- 1 HBEE K i ELAE F AR AT R BN, B
HL AL PERE T IE . 40 % YSZ 1B 5 G il Ak 2= Ph RE I s

(2)  FH LSM Fl LSM + YSZ ZH i XUZ & A AR AN R AR 9 — AR S 1w, (W] 0
TH B B 48 44 o T rL L3 K, 2 g A g P S R b, A v B3 R ) s i

(3) 50 % YSZ BIMAZE A, 78 1223 K T, ALHF N 0.3 Q- cm?, B85
M H AL 2E NG BAE 1073 K iR R AL EE 1. 74 Q + en?  AT5ASRET I i T 9K

(4)  YSZ HLf# 1B AR LSM HIA , B0 T 480 Ji 2 g 1) S R 42 il 2L TR
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Preparation and Structure and Performance Examination of Double-layer LSM/
LSM +YSZ Composite Electrodes”

Lu Zigui  Jiang Yi  Yan Jinwang Dong Yonglai  Zhang Yihuang
( Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023)

Abstract  Single layer LSM + YSZ and double layers LSM/LSM + YSZ composite electrodes
with varying YSZ content in the LSM + YSZ layer have been prepared. The electrochemical
properties and microstructures of the electrodes were investigated and compared. The electro-
chemical performance of the single layer LSM + YSZ electrodes was improved when a certain
amount of YSZ was added due to the increase of the three phase boundaries (TPB) by the addition
of YSZ, while excessive YSZ addition (60 % ) caused a decrease in performance, because the
in-phase resistance of the electrode increased so high, leading to a reduced effective electrode area.
The problem was eliminated by a double-layer LSM/LSM + YSZ composite electrode, in which a
pure LSM layer functioned as a current collector and reduced the in-phase resistance. As a result,
both large TPB area and low ohmic resistance were assured in this kind structure. At 1223 K, the
double-layer composite electrode with 50 wt. % YSZ has the lowest polarization resistance of 0. 3

Q- cm’

Keywords: SOFC, Composite LSM electrodes,  Double-layer electrodes, = AC impedance
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