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Gd,,Cey50; B 7% LaN igel 90.40355H g %&'I‘i BE

FEFST, W, RITE, I, Th&, 3R, 3
(LA A A HUB 310 T2 B, RORHH B SE 7 , 15 200240)

L 022 W R R 1 4 LaNigsFe0iOss /SCo1Zr0sO 105 /LaNigsFeo O X R EL L. LA 2 4l FIAY FR 2L J5
BEATRERRVEBRE B A 1, GdoaCeosOA(GDC) A K LaNiyFe,,0s5 (LNF)F IR, 52368 , 75 750 °C TAFIRE T,
4l LaNiggFeo 015 B AT AL LA 0.70 Q- cm?, 1 21.3% (by mass,  [[], AN TCHERFRE Y 54380 GDC .5
1 LNF-GDC & & 914 i Ak B BELE /1N 0. 13 Q- cm?), i AL AE 1 1(136.80 kJ - mol™), i H Bk MR fE A (. GDC 1y,
TENEE T AR/ A /PR S5 = A SR 1 S L X ) Bt i, BRI T B A L B

KFER ;AL HRR LM ; LaNigeFeo Oy BIME ; GdoxCeosO, 17 ; HRALHLFH ; 22 R IT

FESES . TMIINI

T [ A S A6 9 498 L it (Solid Oxide Fuel
Cell, SOFC) ¥y & e il B vpr | A AT ke i o 1 1 o
G H L T 3R B ) R . AR H v TR
K& P (600 ~ 800 °C), NIREHE & AR YRR
P U8/ IR 7, K LTt A5y, 8 Rl BRAN A 42
J& A A Ay vl b B SRR AR A RHL Cr BE 5 4 TR
A RAME BN T, B SRR PR
FE P g T R Ui A S SR A S UG A T A B A I
{1 SRR A A 619, Cr 364542 FH T SOFC 114 XU A
B, SIS Cr b B o & LS MR CrOy(s)
T BFI R/ P i o A T ) 2B i SR 4RI SOFC
B ERL A P RECY . L CrOs(g) Fll CrO5(s) I 5 B
PR (La,Sr)MnO, 2 07 A= B 4 2% 11 22 & 41 A
(Cr,Mn);04(s), B & A B “Cr Hh 8" LG 0, ffi Hy
PR RE 2UR TR

# Chiba 2524238 | LaNiyFe).40:5(LNF) 800 °C
LRk 580 S+ em, ML GE A LagsSro.MnO5(LSM)
(180 S-cm)i®y 3 £, H:Z L ~ 1000 °C FAJE ik R 4L
N 11.4 x 100K, BT T HL BT YSZ(Yttria Sta-
bilized Zirconia, Y 0sZresO10s ) BT K R %L 10.0 x
10° K. Zhen Z59F5¥ .38 B LNF [ LSM EAAH
Fa e B AL 2E R BE  Fe-Cr & & A7FAERT, HA i |
A Cr JUH, LNF A3t Cr #ALVEH. SRAEAATR] ()
PRAEIREE LNF A8 LSM 5 5710, FLra fifg i w419,
W= F 1000 °C B LNF 5 ZrO, JEH fiff o 5 o7 A il

B‘Cﬁ**ﬂ_‘iﬂﬁg A

2625 1) La,Zr,0,, R H b RE. T LNF BAR AL R
TE TAETRE T B B A S BB 5 1 S 28 0 e 1Y)
TR # i LNF B4R 09 9] 46 14 58 T B . Stodolny
SR gE L T CrOs(g) B CrO,(OH),(g) %
¥ % ME W) W) 5T 5 P A% LaNigeFeo 055 & A S N 1M
et JH T v, BEL RS £ H LS . A SOy R AR
W, ECHEEM LNF IR X aE — 2
Gdo2CensO(GDC) A K UKL il 1, LNF-GDC & 4[]
B, % DI Y T F MR AR 35, AT RHUE LNF 5
fi# J5t ScSZ(Scandia Stabilized Zirconia, Scy;Zrq6O5)
e A 251 La,Zn,O,, A3 K T4 AL - i £ o
AR SO AR =AU , el LNF IR MERE.

1.1 LNF-GDC £ &R EHI&

#% La:Ni:Fe = 1:0.6:0.4(by mole)FR I — & &= )
La(NO;);-6H,0 Ni(NO;), 1 Fe(NO5);- 9H,0 At ili
BV, A — 2 LB AT IR (PP I6E 1R 5 i Rk
A2 B FE T3 T 12 DL Sk YY) 2K IR &
W e, B 120 °C iR &, A ATk
Ji2 BT L (300 °C TR RS FHE 2 600
°C 1Bhe 2 h I3 28 LaNieFeo4Oss (LNF) HHAHA
BE. TEAH AR AT A8 51 2 DL SR,

¥ LNF BN R i 22 9 Bl 35 35 T ScSZ
A (JR25 200 wm) Ffllf, 1050 ° CHBE 2 h BRI
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LNF/ScSZ/LNF PRt (A 1em x 1 em =1
cm?).

GDC % (WL 3CHREY) . #22 Gd:Ce = 1:4(by mole)
H—5E 81 Gd(NOy); - 6H,0 Fl Ce(NO,),-6H,0 5
— A LA AE TR T 281K, B
Gd* ¥R 0.4 mol - L AR B & LNF Bk
BAMEW, 7EMKTF 200 MPa B 55 & R {£4F 30
min, R FE /01 LNF, OB H RS B 4L 75

% 600 °C, iR 2h #% Db IREZER, B
Gdy:Ceys0, (GDC)( < 50 nm) fUA ) LNF X}FRHL
b, 0P Ay F AR
1.2 LNF-GDC £ &tk HIRAE

SR FH BT HOK A HE /K 23 GDC A7 Y LNF
BHMAEE 5 BYFLER R, {8 FH Solartron 1260 FHT{3GM
IH AR BHST (P, MRS 10 mHz ~ 100
kHz, 32 AT AL 20 mV, TAEIRIE .650 °C.,
700 °C.750 °C 800 °C F1 850 °C. i FHHH T
¥4 (SEM, PHILIPS 515 %) g4 RHVOWIE 5.
2 #BRGiTiR
2.1 LNF-GDC £ & FRREA4E

1 44 H1UR[F GDC U &= /) LNF-GDC B &
PR A FLBR . W LA HY , 4 LNF B A FLIR A
38.1%, 248 | WL f5 , HALBR AN 32.2%,GDC 1
BN 4.7%(5.9% ,by volume). {178 R B0 hn
GDC i s th iz st 3, HLBAM AL BURIEAIE. 28 6
KA GDC, H I LR EE R 0.05%.

# 1 KR[F GDC ) LNF-GDC & A B LB R 240
Tab. 1 Porosity and GDC loading of the impregnated LNF

cathode
Coating cycle 0 1 2 4 5 6
Porosity/% 38.1 322 246 13.1 6.2 0.05

Loading/% (bymass) 0 47 8.1 159 213 269

Loading/% (by volume) 0 59 135 25.0 319 38.1

1R 21.3% (A)FIT 26.9% (B) GDC f3.7 =
) LNF-GDC & & FI##9 SEM 8 . AT LA
P 5 21.3%I0, GDC Pk 5% T LNF ki m , %
HCHGE , JE M. G S 2 26.9%0),GDC i
HEIEFE I AL, T BAARALBR 3 T R

Kl 1 21.3% (A)F1 26.9% (B) GDC {78 &) LNF-GDC
AW SEM B
Fig. 1 SEM images of 21.3%(A) and 26.9% (B) GDC-
impregnated LNF-GDC composite cathodes

2.2 LNF-GDC £ 5 AR B ALF 468

2 %5 A GDC w2 1 LNF-GDC & &
A 43 S 7E 750 °C(A)FI 800 °C(B) TAEIRE FHY
22 it BT 3 [ A8 L 5 11 (). Hh LRI i BEL e
Tk Pl 2 H A RTARR AR BIR ZE ol i Aok i, ¥ 1
e/ F A o A ) PR P2 B N At R (R AR A F BEL
ol L far 5338 FLRE. R ) , AERASUIONS B F S AR Hiad A
(WAL HRE R ), B AL FLRH R, = R+ RZ™,
Ro A% Bk H s A B i L RHL. B GDIC A 3 s 19
LB B L fr A5 s LR R B AL ELf, Tk 224 1k
HLBH R W, BRUHLRH Ro JLPANAE. (LB I 5
26.9% , BRI FLRH Ro S 338 I, B ik 22 4% £k i BHL
Ry W33, 650 °C 700 °CLA K 850 °C TAEIRE T
BT 1 A PG L BAT TRl i A 3

3 1 4 535 45 O R TAEIREE T GDC
A 78 T 55 00 K P L P DR L BEL R B A B FL
BH R, FUSC R & MIEIEEL, FTAERE R GDC
0 B 21.3% , HHHR Lt A R b e BHL L
ANAE I BB T L PR T RAARR. 54K, GDC
e R b 23 T FL AR B FRL AL A PE BB, GDC A7 TR
TS S A /B A/ PSS — AR A T R X AR
T8, B B B Ak H BP9, GDC U8 2l 21.3%HY
LNF-GDC & £ BAM , Hopk £k i BH 1%, 7 850 °C,
800 °C 750 °C 700 °C F 650 °C T 1f i Ji At 43
8 0.03 Q-cm?, 0.06 Q-cm?, 0.13 Q-cm?, 0.29
Q-cm? F1 1.47 Q-cm?; Wi 4L LNF B #Z #4854k
RHAE AR . TAEIRBE T 20 %18 0.12 Q -em?, 0.28
Q-cm?.0.70 Q-cm?.1.91 Q-cm? Fi1 5.62 Q-cm? 750
°C I} ,GDC 1178 &} 21.3%H) LNF-GDC & & B
e B % AL FE BHL(0.13 Q -cm?) Fe 2l LNF B4 1942 4k
HLFH(0.70 Q- cn?®)FEAIL T K2 4 4%, (B 256078 b
3 26.9% , HLICHR H BE 2RI, BA AR AR Ak H BE R
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Fig. 2 Electrochemical impedance spectra of the LNF-GDC composite cathode with different contents of GDC measured at
750 °C(A), 800 °C (B) in air and the equivalent circuit for data fitting (C)
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Fig. 3 Plots of ohmic resistance of symmetrical cell versus

the contents of GDC obtained at different tempera-

tures
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Fig. 4 Plots of polarization resistance of LNF-GDC com-

posite cathodes versus the contents of GDC ob-

tained at different temperatures
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Fig. 5 Arrhennius curves of LNF-GDC composite cath-
odes with different contents of GDC

Kl 5 25 AR GDC {4 /= 1) LNF-GDC & &
AR R BT JE 2 i ph 2%, X

1 E,
Ry kT)

R, Ao (1

Horb A E Bk R R %G 2 WA E IR ARRE
R, A AL L BH. DABATAE 2 2 37 il £ bR vl 1516 4L
fig, 4l LNF Bt 9% fLBE A 164.81 kI -mol”,4.7%
GDC .8.1% GDC.15.9% GDC .21.3% GDC ,26.9%
GDC {3 % ) LNF & & B & 19 3% 1L 88 4 5l -
142.25 kJ -mol" 137.52 kJ -mol",137.25 kJ -mol" .
136.80 kJ -mol" Fl 137.86 kJ -mol™. H ' 21.3%
GDC 117 ) LNF-GDC & & B 036 L RE Fe /)N,
HAERE I AE.
34 i

RS B A A L 45 1) LNF AR 2 w0 7
GDC il ) LNF-GDC & & ¥tk , i GDC fufd i
(< 21.3%) 340, FHERR I BHIL-F- A4S Bk L fE
T ZE /N 521.3% GDC A1 78 H UK AR 5322 il B ik
IGCIE 2%, Tl GDC A7 53 &8 26.9% HWiR 14 5
B4R AL, WAt Fe BH I 238 0. 21.3% GDC . 1Y
LNF-GDC & & Bt 5E fefE. 7F 850 °C 800 °C,
750 °C 700 °C F1 650 °C T4 Tk & bk Ak A BH. 43
4 0.03 Q-cm?.0.06 Q-cm?.0.13 Q-cm?.0.29 O -cm?
1 1.47Q -cm?, 40 LNF B #5945 1k B BE 4 531 A
0.12 Q-cm?.0.28 Q-cm?.0.70 Q -cm?.1.91 Q -cm?
F15.62 Q-cm? 750 °C TAEHREERS,21.3% GDC 3
7 51 LNF-GDC & A IR % 1k H BH A4 LNF B
e A A% A H B ARR 2 4 £, TR BE N 136.80

kJ-mol”, Btk A1 A"~ L AEf .
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Fabrication and Performance of LaNi,/Fe,0;; Cathode Modified
by Coating with Gd,,Ce( 3O, for Intermediate Temperature Solid
Oxide Fuel Cell

REN Rui-xuan, HUANG Bo®, ZHU Xin-jian, HU Yi-xing, DING Xiao-yi,
LIU Zong-yao, LIU Ye-bin
(Institute of Fuel Cell, School of Mechanical Engineering, Shanghai Jiaotong University,
Shanghai 200240, China)

Abstract: The symmetric cell of LaNigFeq0:5/Sco 1 Zrys0 05/LaNiyFe 055 was fabricated with screen printing method. A
LaNiy¢Fe(40s5 (LNF) cathode was modified by coating with nano-sized gadolinium-doped ceria (GDC, Gd,,Ce,z0,) prepared using
a simple combustion process within the pores of the cathode. According to the electrochemical impedance spectra (EIS), the
polarization resistance of the pure LNF was 0.70 € -cm? at 750 °C, while 0.13 € -cm? for the 21.3%GDC (by mass)-coated LNF
cathode at the same temperature, which was only 1/5 of that of the pure LNF cathode. The activation energy of the 21.3% GDC (by
mass)-coated LNF cathode (136.80 kJ-mol™) is the smallest among those of GDC-coated LNF cathodes with different contents of
GDC. The 21.3% GDC (by mass)-coated LNF cathode showed the optimum performance. The results indicated that GDC coatings
significantly affected electrocatalytic activity of the LNF cathodes towards O, reduction reaction. The improved performance of

GDC-coated LNF cathode was attributed to the extended triple-phase boundary (TPB) and enhanced ion conductivity of oxide.

Key words: solid oxide fuel cell; LaNi,Fe,.0;; cathode; Gdg,Ceys0, coating; polarization resistance; electrochemical

impedance spectroscopy
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