Advances in Material Chemistry #1RMEL 2R ¥, 2025, 13(1), 38-47 Hans )Xh
Published Online January 2025 in Hans. https://www.hanspub.org/journal/amc
https://doi.org/10.12677/amc.2025.131006

N =

iR E A F AR it s B A5 AW TR R
ot

®OFYY, Baa, NEE, TR, FRF, RER, 22F
LS PH TS 27 e P B 5 P T AR B TR N
RPN RS ST N e MR T R

SHOM BB BT IR A, T E KN

Wk . 20244F12 200 FHEM: 20254F1H13H; KA H: 20254F1H21H

R

BERETET PRAMRR RS RN, BT RSN a AT E RS8R, BovhiRE &Sk
VIR (IT-SOFC) UMY B FE i o ZSRABHENI AR X A R R re SRR F R, MR, iR
0 RV K R B (TEC) 5 AR AT RIS L S A ) AR R ] T FE NI o AR R — R, B TEE AT IR T B4
BRI & B A BRI IT I  BITBND. Ce. CuFIn R, A B T HESET IR AEKRE,

Rl PRFE T REFHI R EMERE . H] & E A FARNEE I RBAR =A R ERR RIS, ST R
EEILECHE, BRRT IRACRESL, R\ TREE. AR TSGR TSR AR RH BT Bt
BB, BiEERANE. RRKYERRA RS T BRI, FHRE T H— P RNB R TR,
EFRBEE SR RET LTI, DIHRFHES T BRI RN SOFCH KR . RK,
B EABERT BH AR R S AESOFCAUR R E M EEI1EA .

X 5in
B AR st BARATRE, S5 FAMR, Bk AR

Research Progress of Cobalt Based
Perovskite Cathode Materials for
Mesothermal Solid Oxide Fuel Cells

Jie Zhang'23*, Jingjing Gel, Wenfei Liu!, Chuyue Wang?!, Guifang Li?, Xianyi Song?,
Jianrui Cheng!

ICollege of Physics and Electronic Engineering, Zhengzhou Normal University, Zhengzhou Henan
2School of Physics School of Microelectronics, Zhengzhou University, Zhengzhou Henan

EIREE

XEFIH: sk, BEEE, EAE, TN, TR0, KRR, BEE. PEE SRR b AR B AR A k)
WHR R[], FHBME RS, 2025, 13(1): 38-47. DOI: 10.12677/amc.2025.131006


https://www.hanspub.org/journal/amc
https://doi.org/10.12677/amc.2025.131006
https://doi.org/10.12677/amc.2025.131006
https://www.hanspub.org/

ISR

3Zhengzhou Vcom Science & Technology Co. Ltd., Zhengzhou Henan

Received: Dec. 20", 2024; accepted: Jan. 13", 2025; published: Jan. 21%, 2025

Abstract

Cobalt-based perovskite cathode materials have emerged as a research hotspot in the field of inter-
mediate-temperature solid oxide fuel cells (IT-SOFCs) due to their exceptional structural stability,
ionic conductivity, and electrocatalytic activity. These materials exhibit high conductivity and
power density within the tested temperature range. However, their application is limited by the
mismatch between their high thermal expansion coefficient (TEC) and that of electrolyte materials.
To address this issue, researchers have adopted two approaches: doping modification and the prep-
aration of composite cathodes. By doping with elements such as Nb, Ce, Cu, and others, the TEC of
cobalt-based perovskite cathodes has been effectively reduced while maintaining good electrical
properties. The preparation of composite cathodes improves thermochemical compatibility, re-
duces polarization impedance, and enhances power density by increasing the length of the cathode
triple-phase boundary and improving catalytic activity. This paper reviews the research progress
of cobalt-based perovskite and double perovskite cathode materials, including their chemical com-
patibility, thermal expansion properties, and electrical performance. It also proposes research di-
rections for further optimizing doping elements and proportions, as well as preparing high-quality
composite cathode materials, aiming to improve the performance of cobalt-based perovskite cath-
ode materials and the long-term stability of SOFCs. In the future, cobalt-based perovskite cathode
materials are expected to play a more significant role in the field of SOFCs.
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3. SHEAGEAN TARAEL
3.1. {5EAH AR

AR [12]K F ] AH 2 8235 73 90 i1l % 1 Bai—LaCoi-,Nb,O3-5 (x = 0.05, 0.15; y = 0, 0.05, 0.10)F!
Ba;Bio.0sZr01Co0ss,Nb,Os 5 (x = 0.0.1; y = 0, 0.05, 0.1) % > & 5 % # Bl , 45 B K B F
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BagssLag 15C009Nbg 105 7E 800 °C i %y i Th F 25 5y 567 mW/em?; #£44 BaBio 0sZr0.1C00.75Nbg 1035 7E 800°C
IR BN 642 mW/em?. G FE 1R A E A NS5 T LaSriCoo.9Sbo 1035 (LSCSby, x = 0.0~0.8) Al
Ba,Sr1-:C009Sbo.103-5 (BSCSbx, x = 0.0~0.8) MM R AP A Bl . SLI64E REW], LSCSby (x=0.0~0.4)[f1 H1 G
REE La & B MBI HTHE K, LSCSbo FE 5 TE 300°C~850°C Vi Bl 4 1 HL 5 3R H 3L 673~1637 S/cm. BSCSb,
(3 28 B Ba 2 LA NG BT N . S PERERE Ba & B IR W 5, 850°CHY, BSCSbos F i
TR % B ik 944 mW/em?, i HLAE 700°CIESHELT 20 h MM RS J LT T EE I

Zhang [18]5F NI 1) Bao.6Sr0.4C00.903-5 (BSCN)AEAA, DL Ni-SDC JyFHH, 800 °C I HLfif Jii SCH# 1K)
H RV B K D B IR B 778 mW/em?. Shao [ 175 Al % T Bag.sSro.sCoo.sFeo 203 7E A IR BA A1 KL
SDC 1E N HLfR FAE 600°C IR % EIAH] 1010 mW/em?, &R B 0T RE I h B B B AT R, 25
FUE[13]381 EDTA-F BB B A 45 5958 K Sri-Ce,Co03-5, x = 0.05 M1 0.1 if, Sri—Ce,CoOs-47E 600°C
~800°C LI 3 Bl N 1 L 2R 90 1A 492~724 FTI 382~435 S/em, PZAK R0 BN 22.01 x 100K F1 21.16
x 1070 K1 Yen-Pei Fu Z5[14]5% 1 [ 2 [ 83241 4% Lao.sSro.sCo0s-s (LSCO)HI Lag 5Sr0.sC00sMo203-5 (M =
Mn, Fe, Ni, Cu) BIRN; oK, JF2H258 T s efiith, 45 3R Ni-SDCISDCILSCO HHLTE 500°C« 600°C 1 700°C
I VA D) 285 B 43 ) 0 387+ 852 Fl1 974 mW/em?; 1fif Ni-SDCISDCILSCO (Cu)HLHiith, 7£ 500°C. 600°C
HT700°C Iy U Ty 3225 543 3l g 284 725 A1 983 mW/em?.

1 B T AR A ) 4 AR B R REXTEE, R 1 AT DA HAEIIRIR X 600°C~800°C 54k
W BAR R L S 2R 8 > 350 S/em, HArsk 3111551 %% 1Y Lag.aSroCo0.9Sbo 105-s BN FEL 5 i 75, 850°C
ik 1637 S/em; FHERH BRI B K ThR % % K Z R0 500 mW/em?, JLrb Shao Z [17145H14 1)
Bayo 5Sr0.5C00 sFe0 2035 AR TR 25 i i sy, 600°C A B KT A 1010 mW/em?.

Table 1. Comparison of perovskite cathode performance

= 1. $55KH PRI I RERTEE

—_— B RFATE WOSEE gy g

Bao.gsLao.15C00.9Nbo.103-5 567 800°C Ref. [12]
BaBio.05Z10.1C00.75Nb0.103-5 642 800°C Ref. [12]
Bao.6S10.4C00.9Sb0.103-5 944 850C Ref. [11]
Bao.6S10.4C00.903-5 778 800°C Ref. [18]
Bao 5S10.5C00.8Fe0.203-5 0.055 1010 600°C Ref. [17]
1]33:3325?20: fﬁfxf&‘i ) 0.05 859 700°C Ref. [20]
Sr0.95Ce0.0sC003-5 492~724 600°C~800°C Ref. [13]
Sr0.9Ce0.1C003-5 382~435 600°C~800°C Ref. [13]
S10.9Y0.1C003-5 0.08~0.022 =T 350 353.3~643.1 700°C~800°C Ref. [19]

Smo 5St0.5C003-5 (SSC) 494 600°C Ref. [21]
LaosS10.5C003 5 0.1 974 700°C Ref. [14]
Lao.5S10.5C00.8Cu0.203-5 0.09 983 700°C Ref. [14]
Lao §Sr0.2C003-5 300 700°C Ref. [15]
Lao.6Sr0.4C003-5 492 600°C Ref. [16]
La0.4S10.6C00.9Sb0.103-5 673~1637 300°C~850°C Ref. [11]
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3.2. JSELH FAR

Zhou [24]5538 i 4% 45 1 [E AHTE B 1 & e SmBaCo,0s:5 (SBCO)HM AR, K BIAE 500°C~800°CiE
P SBCO [ HL 5 FAE N 815~434 S/em, #1144 1) Ni-SDC/SDC/SBCO 5 Ni-SDC/SDC/LSGM/SBCO #/>
LR 800°C R A R TH R B FE 4N 641 mW/em?. 777 mW/em?. FKIRL[22]4F Co A& Lbfl(1:1)#B 4%
Fe. Mn. Ni. Cu ZEIF 0 & #8 SmBag sSro25Ca025CoCuOs+5 (Me = Fe, Mn, Ni, Cu; SBSCCMe) i 44 %1,
400°C~800 C i Il N, B Fe Tt I HL F 28— ELAE G IN, FAMAE i il S 28 AR LE IR/, e KB N 180.891
S/lem, H#ZIK ZEHN 16.93 x 10° K'. Yoo 5 A[25]FH Pechini ¥ il & 7 XUE5EKH A ALY
NdBa;—Sr,C0,0s:5 (NBSCO, x =0, 0.25, 0.5, 0.75 1 1.0), 7 BIWASRIFIPERE L S B 2 Ebpl . 45 K H
2B R B S B S ELB BN TH R, x = 0.5 A1 0.75 IR RS GDC B4 57 600°CHY it K
DhEE FEH R ZI N 1.0 W/em?o Kim 55 A [27] % H [ A [ B £ T LnBaCoz-Fe Osis (Ln = Nd, Gd) W4
R BAMR . W Fi 45 AR Fe Ju 3 45 4% T AR B AR A BHE AR 0, 53 4 AR B IK R4 DL
NdBaCo sFeq5Os:s 1 N BH R [ 5L Bt 7ZE 800 °C I i B K THHR 25 N 600 mW/em?.

Park %5 N[26]# 5T T Sr XIS M AT HAL = R RE RIS . SE0 45 IRR W, BEE Sr &= M3gn,
PrBa;-Sr:C020s+5 (x =0, 0.25,0.5,0.75 F1 1) 1) S 23838 K, KR B2 600°CHE, x=0.5 F1 0.75 )
B W% 44 B) o 2 25 B[R] I OA B B KB 1.08 W/em? . 18 # F (8] EDTA- I R B I 7 iE4 % 7
PrBaCo,-,Cu,Os.5 (PBC2-,Cy, x=0.0,0.1,0.2, 0.3, 0.4, 0.5)BA A Bl #FFREHB 448 x=0.3 I PBC1.7Co3
AR A BLTE 600°C~800°C HL T 28 % 151, Nig.oCuo.1-SDC A BH R (1) 5 Ha A K HE T 28 %5 54 531.92 mW/em?.

BTV [23 116 FH v B st B v 1) 4% YBaCop—Cu,Os.5 (YBCCO, x = 0.0, 0.2, 0.4, 0.6, 0.8) RAI M, ZRER
800°CH} YBCCO (x = 0.6) A4k H BH 2 0.041 Q-cm?, L YBCCO (x = 0.6) A [ 4% ) 5 e jtb Tfy 2R 25 i ik 5
644 mW/cm?.

%2 BT ASFERE ) & XS R A PERERTEE, M 2 AR HAEHRIR X 500°C~800°C 45
BRI BRAL SHATUR 2 B0 04E 0.1 Qrem? BLF, H BB 328155114 (1) PrBaCor.7Cuo30s:5 IAGBHHTHR AL,
800°CHFILE] 0.0162 Q-om?s XUESERA AR 1B KD Z % FEHE > 500 mW/em?, At Park S 552655 £
PrBay sSr0.5C020s:5 F11 PrBag2sSro75C020s+5 BRI % i, 600 °C I 85 K T2 %5 2L 2] 1080 mW/em?,

Table 2. Comparison of double perovskite cathode performance

2. WESERH BAR M REXTEE

=
SmBaCo0205+ 815~434 500°C~800°C  Ref. [24]
SmBag.5Sr.25Ca0.25CoCuOs+s >100 400°C~800°C  Ref. [22]
SmBao.45S10.5C0205+5 0.028 561.4 800°C Ref. [28]
NdBao.5Sr0.5C0205+s 0.112 #3°5 1000 600°C Ref. [25]
NdBao.25Sr0.75C0205+s 0.116 £1°5 1000 600°C Ref. [25]
NdBaCo sFeo sOs:5 600 800°C Ref. [27]
PrBao.sSr0.5C0205+s 0.073 1080 600°C Ref. [26]
PrBao.25S810.75C0205+5 0.076 1080 600°C Ref. [26]
PrBaCo1.7Cu0.30s+s 0.0162 531.92 800°C Ref. [8]
PrBaCo1.85Nio.1505+5 0.03 510.37 800°C Ref. [8]
YBaCo1.4Cuo.60s+s 0.041 644 800°C Ref. [23]
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4. IREHEIST AR S RERY /55K

BEIEES RN IR A RER A DL B BE, SRR AR IR X HEL = 1 TEC 1R 5 5 R A
B IR A S 73 J2 - BT UMR 2 W 7838 B0 42 A2 M B AR A R = P RE I S At _E B AR L AV K 2R 5
3L g AR I K R B BEE AR DL, AT PRALE Lt R e e PE A P 5 . AT PR ARl 2 45 Bk AT
BN AR 28 0 73k T A 15 A Ve A R 2% S5 B AR A

4.1. B84

R [ 1270 FH I A B 323241 4% T Bai—Bio.0sZr0.1C00.855Nby03-5 (x = 0.0~0.8) (x = 0, 0.1; y = 0, 0.05, 0.1)
RYNAWMEL. BiE Nb JGRBREERSET:, il & IR B TEC AWK, X RFIMEHE 30°C
~1000°C G F 44 TEC fH T 20.4 x 100 K F1 18.6 x 100 K 2 [a], F£M Nb L& KIS IH %
KT BARAT R P 2 8. 2670513381 EDTAAF IR & & A ik & K Sri.CeCo03-5, x = 0.05 Al
0.1 I, Sri-Ce,Co0s3-5 7E 30°C~1000 CYEE N, HIZHK RE 77109 19.22 x 10K M1 15.58 x 10°K™!, Ce
TCRMIIMANTE — B2 EFEAK T BRI R 4L

Yen-Pei Fu [ 141K [ 25 S B 24l % Lag sSrosC003-5 (LSCO) T Lag 5Sro.5C00.sMo203-5 (M = Mn, Fe, Ni,
Cu) (LSCO(Cu))BA %, Ml 3K B 7E 25°C~650°C LSCO F1 LSCO(Cu)i] TEC {H43#8 21.4x 10°° K™ F1 19.8
x 10°K'e A, JI7E LagsSrosCoOs-s B B f735 A Cu Al DA S IK 2K REWTEC)H, 3%
MR B Re R = RE, JRAE— AR R s I A D) e B . KR (1 1R A R R 46 T L
,S11-:C009Sbo 103-5 (x = 0.0~0.8) (LSCSbx) ! Ba,Sr1-,C00.9Sbo.103-5 (BSCSbx, x = 0.0~0.8)H > R F 454k 8 BH
WA kL, MR B L aSr1-Co09Sbo.103-5 (x = 0.0~0.4) I A% HEL T 2 il La 5 & (B4 &8 K, LSCSbx (x
= 0.0~0.6) K RE(TEC)ME La JUER & EAIEIMZEHPEML, LSCSb0.6 FEFTE 30°C~900°C [l N i
TEC 5 18.50 x 10 °K™!'; BSCSbx [JHL T3} Ba & & [ N BT T B, BSCSbx (x=0.0~0.6)1) TEC Ff
Ba JC & & R iz Hi F#%, 30°C~1000°C 3z HE BSCSb0.6 ] TEC Jy 18.4 x 100K,

BT [23 15548 F ¥ IR (sol-gel) Bt JI v il 2% Hi [ S8 A P RE Lt [T ). YBaCo,-CuiOsis (YBCCO, x =
0.0, 0.2, 0.4, 0.6, 0.8) RFIFE L, WK E/R YBCCO FffH7E 30°C~850°C 2 1], ~PIJ#HIZAKE N 17.8 x 107°
K'~13.4 x 10 K™, X Cu JuE I EAUH RFEMC 7 YBCO MHRAIEZIK R %L

BEF[8]H EDTA-IFRREZH % T PrBaCo,-.Cu,Osis (PBC2,Cy, x = 0.0, 0.1, 0.2, 0.3, 0.4, 0.5)F1
PrBaCo,-,Ni,Os+5 (PBCy-N,, x = 0.0, 0.05, 0.10, 0.15, 0.20) ™ R 5 AL KL, MR BILE 30°C~800°C it %
Cu 245 N, PBCo—.C, BB A HZIK R B x=0.0 I 23.8336 x 10 ° K™ N [% % x=0.5 I} 17.4840
x 10°K™"; 7E 30°C~800°Clfi# Ni B4 & M3, PBCo.N. BAMRAFE & HIZAK REN x=0.0 B 1) 23.8336
x 1070 KT R x = 0.20 B 1) 21.5765 x 10 K ™!, KB Cu I Ni B # e 24 [FIFZ B B&{k PBCO
) Ik R B . KO [22] 4 Co A% EL ] (1:1)#B 244 Fe. Mn. Ni. Cu % U Fh T % # &
SmBay 5Sr0.25Ca0.25CoMeO0s.5 (Me = Fe, Mn, Ni, Cu; SBSCCMe) AR, iR 3& BH7E 30°C~850°C i Vu [H
P SmBay 5Sr¢.25Ca0 2sCoCuOs.s I AR RECN 15.57 x 100K 1,

3B T A FERELH S 3 BT T K R EOR R T, AR 3 BT LLE HZEIHATE X 30°C
~1000°C, JCE B AR AAEA [FIFE R EFRAC 785 800 B3 B 0 B K & 8, o sk [22] 55 il 4% 11
SmBay sSr925Ca0.25CoCu0s.; FZAK R AL, 30°C~850 CHHMILE 15.57 x 10K, it 5 44 BRIAS 4R [
WRATHRAEZI R E, I e F it R AR e PR AL 5

4.2. SEFABRHR
o L T A R B — e LE B NI BN AR A L ep, P AT B A, v DUE S KA = A0 S )
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KRE, RIS IOR T AR RET S A iE A i, AT A5 A AR X S R AL i VE AR B R v . LA,
A R AR % B0 B P AR B AR SR 88, SRS 1 BN R 55 AR i 2 ] 1 #A e
SVCECE, AR T b R AR P 5T

Table 3. Comparison of doping regulation on thermal expansion coefficient of cathodes

% 3. BRIV AR BT RI EE

BRRATR TEC (x10K™) WA Yk
Bai-xBi0.05Z10.1C00.85-yNbyO3-5 20.4~18.6 30°C~1000°C Ref. [12]
Sr0.95Ce0.0sC003-5 19.22 30°C~1000°C Ref. [13]
Sr0.9Ce0.1C003-5 15.58 30°C~1000°C Ref. [13]
Lag.5sSr0.5C003-5 214 700°C Ref. [14]
Lao.5Sr0.5C00.8Cu0.203-5 19.8 700°C Ref. [14]
Lao.6S10.4C00.9Sb0.103-5 18.5 30°C~900°C Ref. [11]
Ba0.6S10.4C00.9Sbo.103-s 18.4 850°C Ref. [11]
YBaCoz—+ CuxOs+s 17.8~13.4 30°C~850C Ref. [23]
PrBaCo2—+CuxOs+s 23.8336~17.4840 30°C~800C Ref. [8]
PrBaCo2-Ni.Os:s 23.8336~21.5765 30°C~800°C Ref. [8]
SmBao.5S10.25Ca0.25CoCuOs+s 15.57 30°C~850C Ref. [22]

RELZE[29]0F 58 1 PBCO [HARA RN SDC HUf# A B S & AR, RIL SDC HIIA R BLBH &
B IR IO 4544« B SDC ISR, A B0 A Ve R e PR S T i o AUt BB itk ik
KPLEE S SDC F &8N 30 wi%elf b2 e fE, PBCO-30SDC {51 Ak AL HLBHA A 0.0353 Q-cm?,
X 54 PBCO M) SR AL HIBH.(0.121 Q-emd) AL, TR T4 71%, £ T KBRS B @ AR
A T A IR L AT DU SR T B A B B . BRI [30] 48 A VA B B IS v A B T PrBaCo20s:s
(PBC), ¥ PBC B 5 B fi i A1kl SDC 4, il % 1 PBC-40%SDC 7£ 850°C I () Hi 5 H A (K 108.05 S/em
800°C HIMI BRI E T, HALPHIIME R A& e 0E K, 1£ PBC-30%SDC I, FHAFUERAL)Y 0.027 Q-ecm?.

KRB R AP B E AvkH % T LagaSrosCo0.9Sbo103-5 (LSCSb)-xCeo sSmo 2019 (SDC)E & FAM AT K,
ZE R B LSCSb-xSDC (x = 0~50)FF i (I FEL 52 B SDC 25 & (B I & 8 R B, 1E 300°C~850°C il 5 [X [i]
LSCSb-xSDC Ti A it Y HL 3 2 1)K T 100 S/em, #1501 TEC B SDC &5 & ¥ 3 iz #i 1%, 30°C~900°C
Y PN LSCSb-50SDC (1) TEC X 13.1 x 10° K™'s B SDC & &4 i1 LSCSb-xSDC Ff i fill £ ¥ B eyt 1
AEIZWT T, 850°C i AL HA i F ) 5 55 B vy I8 793 mW/em?, T HLYE 700°CE4LIE 4T 20 h MRS .

Leng Y J [31715 N\ R [EAH S S| £ T Lag.6Sro.4Coo.2Feos03-5-CeosGdo201o HA AN, F73 7K H
Ni-Ceo.sGdo.201.0 FI CeosGdo.2O1.0 1 BHAR AN HL A A4 AL 4 B FL M, 600 °C A Ha b (14 fj K )y 6.4 i m DAk
F] 578 mW/cm?. Wang K [32]%25 A\ 7E Bag 5Sto.5C0o0sFe0203-5 F I T 30 wt.%H] SDC HLf# 5 , #ill % T BSCF-
SDC & A A . 45 L3R 0H, BTl £ 1) 2 & BIARAE 600°C I FHTH HLFH A 0.064 Q-cm? (BSCF 4 0.099 Q-cm?),
IR IR EE N 1050 mW/em?, R T FHHHRE, $&5 7 IhR%E . Zhang L L [18]% K F & H J b
12445 T Bao 6Sr0.4C00.9Nbg 103-5-Gdo.1Ce0901.9 (BSCN-GDC) E & B AT kL, GDC & &4 20%) 14 BE &AL,
700°C IS ARAL ST )9 0.042 Q-cm?, 800°C I Hijth iz K T3 %5 5 04 880 mW/em?. Liyan Chen [20]55FF K | —
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ISR

' Bag9Coo 7FeoaNbg.103-5 (BCFN)-BaCeo 7Z10.1Yo0.1Ybo.103-s (BCZY Yb) & & T, T # MK R2EUE M 30
% 800 CF#MLE 15.7 x 10° K. £ 700°C' N, HF BCFN-BCZYYb (MR H b SZHL T 859 mW/em? [
WEEIh RS, HAME 600°C 150 mA/cm? NEEIZAT 100 /N A R LI A .

P 4 BV TSR AR ] % 1R A IR, R 4 AT LB I ENIE X 600°C~800°CAB4RT"
BE AN AL TR Z HERAE 0.07 Q-em? PUR, Hor FREBR[30] 5541 4% 1) PrBaCo,05+5-50%SDC AL FH
UG, 850°CHMIKE 0.027 Qem?s RUNERHE & PIN K KD % E# > 500 mW/em?, ' Wang K
SE[32]% 1 % 1 Bag.sSrosCoosFe203-5-30SDC H A AR IR % e i, 600°C I B RINFRE FEIEE] 1050

mW/cm?,

Table 4. Comparison of composite cathode performance

* 4. EATAMKIIERERTEL

=, =1 4
BB ?ﬁﬁ? W?Efjg m(j;%ff)& (xlg(ljcl) B #IE
PBCO-30SDC 0.0353 Ref. [29]
PrBaC020s:5-50%SDC 0.027 >108.05 850°C  Ref. [30]
LSCSb-xSDC(x = 0~50) >100 793 (850°C) 13.1 300°C~850°C Ref. [11]

Lao.6Sr0.4C00.2Fe0.803-5-

Ce0.8Gdo201.9 378 600°C Ref. [31]
Bao 5Sr0.5C00.38Fe0.203-5-30SDC 0.064 1050 600°C Ref. [32]
Bao.6S10.4C00.9Nbo.103-5-20GDC 0.042 880 800°C Ref. [18]
Bao.9Coo.7Fe0.2Nbo.103-s(BCFN)- 859 (700°C) 157 30°C~800°C  Ref. [20]

BaCeo.7Zr0.1Y 0.1 Ybo.103-5(BCZY YD)

5. Zit5RE

BEIEAS R BAARAT R R AR SRR E I 2 L S A L AR AR %5 T A DR 38 T O FE A R T
et 0l X PR S e P 3 R M ) 3 B A L O BT AR KT I 1) TT-SOFC BRRA ) o [ e At 2 495 BT 9
WA BLAEAE (9 AR 22 5015 R BRORREAS DL 0 45 1) RSO AR RIS P BB o AN SC 2 BEERIR T Al S 45 B
AXUES ERR™ B AR AR ERIRIE FU 2 R S M A5 T 3-A B vt Bl S 405 A I AR W 3 14 7 9«

BIARUEA & E AP, LB A Nb.y Ce. Cu FIoEK, AR T AWM B RIEZK 245, [
I PR T RAF AV e B ) 2 A5 Bk R G BIR, AMUem 1S E, I BGE T ALz I RetE,
BEAR 1 AALBEAT, $w 1 Zh R

JE B EESERE A R B TE RS T 2 SO, (EAVEAEVE 2 BB UR A e (). ASCIR Y T
B BRAB A TCER A LG i) 26 = PR R A I R R T T 18, DOEE— P4 i B 2R E5 R0 A Aps
BHPEREART SOFC KR EYE. AR, BEEW T ABIRAMBER K AR, SRR A
MBS AE SOFC AU A % 58 I F 2L /F

EL£mAB
AT H B 2022 WA HARRRER S - TUH , N E S E R — EA sk R ALY RE RS AL
PEAF 97(222300420378), 11 e 44 RS2 AEQE I 2Rt R H (202412949013), 0] g 48 = 55 22 A% B SURH I H

(23B140008), 2024 V] 7 44 ZUM 2L E AL SCEHT AT H (2024-JSTYZD-027), AMIHTE AP 28— iR fe i
W H (XSYLKC221851), A JH Jfidis 24 B K22 AR E Il 2k iR H (DCZ2023003)$E 4L 245 2% 37 HF
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