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Abstract: The conventional Ni-YSZ anode as a cermet for solid oxide fuel cells (SOFCs) suffers from several short-
comings typically including low resistance to carbon coking, re-oxidation as well as sulfur poisoning. Perovskite anode
as a potential substitute for Ni-YSZ anode has drawn much attention due to its impressive merits regarding carbon
coking and re-oxidation resistance ability. In this study, a novel Nb-doped Fe-based perovskite anode candidate
LayoCagFeq9Nby 1055 was developed in which the addition of Nb greatly enhanced the structure stability in reducing
atmosphere while the thermal expansion behavior was subtly influenced. The thermal expansion coefficient of the
novel Nb-doped Fe-based perovskite anode changed from 11.67x10° K™' to 11.57x107° K" after Nb doping while
the electrical conductivity was greatly improved as well. At 800°C, the electrical conductivity of the novel

Nb-doped Fe-based perovskite anode in H, reached up to 1.95 S/cm. The cell with Lay¢CagFe9Nbg ;055 anode pre-
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pared by infiltration method presented high electrochemical performance. The maximal power densities in H, and CO at

800°C were up to 539 and 491 mW/cm”, respectively. It is remarkable that the cell has impressive long-term stabil-

ity in pure CO at 800°C for as long as 200 h. The results indicate that the perovskite LayoCag FeyoNbg ;0;.5 material

is electrochemically active for both H, and CO oxidation which can be taken as a promising anode candidate for

SOFCs practical applications.

K ey wor ds: SOFCs; perovskite; wet impregnation; anode
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Fig. 1 XRD patterns of the materials doped with different Nb contents after heat-treatment at 850°C for 4 h in air (a) and H; (b), respectively



B RRNL, % BRI IR B ERD” LagoCag FeooNbo Ox.s BERHGH 4 L HEREWE 5 1191
900 850 800 750T/ BC700 650 600 HI T LCENDO.1 g™ i 4 i il i i
s Wifty SEM B . MIE 4(a) il LB H, BT ScSZ
7 - LCINbO1 intl, v LCPin S AL R R T B G . 5% LCFNbO.1 R 1E

6f SeSZEILE PR T —BHANZILE, AEILE
§op e Eleldm R IEE RIS AR, W AR, KR
4 . AL HRT LU I 4(c)l7 T 20745 AL ARSI ERE . ol
S3F : W2 L2 BN BRI R, M 4(d) T DA
Far T2 SEURL (R 540299 100~200 nm, L th, 2 B3 53441
i 3l IR, R TAER BRI T — 58 B R,
o FERT BRI R R B AR TR A TR I 2B R0k, S
(1000/7) /K- A R 41 A T 0 s 43 AR T 35458 T ISR S L

K2 LCF fl LCFNbO.1 BHRHE S hE i S %5 g RL T, BIR UG iR s, s Y el DL
i A YIS BIE SeSZ BT . FRE BN ST

Fig. 2 Temperature dependence of the electrical conductivity
of LCF and LCFNDbO.1 in H; and air, respectively

RATLLEH, B Nb #2257 MRHEE RS+
S HIfE
2.3 MREIRBEBKITA

& 3 Ff7~ 4 LCF A1 LCENDO.1 ARG A IK 47
A, ATLLE H LCF K R E0Ch 11.67%107° K7,
B4+ 10%NDb JERRHIHIZAK R E0h 11.57x107° K
YA N Nb XM BRI REGE IR N A H
B FR AR A IK R A R I F AR SR R
VLICAFAR LT, 0 ScSZ, SDC (CeosSmgr0,.)2 018,
X AT DU R0 PR AL A vt Bl o i e = A R 28
Bj b HA 5 R R (RS, A R TR e i s
17740 .
24 EMHMEEHI(SEM) 1T

BB Nb n] B s RHEE S
H S HE 5AEG Ni JEFIA AR L, e S 4
SR, BRI T S IR RHS AR ) B 5 38, 15 318
UFRPEAR PERE, AT 7R IR BHEAE £ L ScSZ

1.0x102 | ——1LCF
—— LCFNb0.1
8.0x107 -
5 6.0x10° -
3 4.0x10°3 +
2.0x1073 +

0 Ly
0 100 200 300 400 500 600 700 800 900 1000
Temperature / “C

K3 LCF Al LCFNbO.1 A R MK AT N
Fig. 3 Linear thermal expansion (AL/L,) of the LCF and
LCFNbO.1 rectangular samples measured in stagnant air

W 225 K6 K A R T SR AE FAR B B, R 2 ALE
HRAELE IR /INBURE, 0] DL H AL 2 ) R AR L TR 22
(s VEAL AL, AR T8 I I B AT N . T Ah,
ScSZ ‘H B R 1H ) LCENDO. 1 8 i 45 #y ek /N 17 k2111
e AR, BRAR T AR5 71, A8 7+
FLG R 1 1) 8, AT AR F v R Al AL B . DA |
1 7 THT 35145 1) F b CHR T R R $E v
25 TERMEEES

AHIEFE o IR B AE Hy A1 CO H B
Aeo M S 1T LAE HTE P RS0 o it o 2% LR 2
£ 1.0 V BA L, HEUR AT 2 (1 2 v R B 0,
Tt B i 2% 1 FEL AR T B0 O B R AF, WA IRAM
%o B 5(a)/ HIBTE Hy HF A R 2R, AR AT B
F HAE 700, 750 A1 800°C I, HRLth ) 5 K Ty 2 5 g
43919 232 400 A1 539 mW/em?. Tl 5(b)FTws, H
WAE CO R RIIFREL 70N 196, 314 M
491 mW/cm®, W] LLE HHMAE CO BT H,
HH R R RS, X H T HER . COo ML) 1
A5 i g JEE PR 200, (L P R A R R e A
ir, UiH] LCFNbO.1 FHMRAE Hy AT CO bR 3
IRGFHTBORPERE, XX T M B & Hy A1 CO BIBA KL
BAEERE LA, IWE S BT LUE L, HIhTE
K HLR B B H B iR E A B %, 1K 0
K PR B ] 46 10 B AR B 45 A B 8 R T IR B A
AR AT B, TR R T — PR BEAR I HE AR 45
o KONG SR H] T 5 AR MR ik dl % 1
% fL LCENDbO.1 Hi#), 7£ 700, 750 F1 800°CHf, Hi
WAE Hy W R K% E 558 370, 521 A
610 mW/em®, SR A AT A5 45 HH b B AR 44 R 72
CO W RO K . FTE H, HR IR s R M i
RE 5 B AR s Y R I A O, (R A,
PHRR I35 554 40%, 1A TAE AR PHAR IS B 30%.



1192

AL M OB IR

32 %

ScSZ scaffold

b

. A
N e 1\ 1
SUB000 10,0kV/8/7mm x5. 00k SE(U) 5A412019)12:33 © ./

ScSZ scaffold

i «j 1 1
SUB000 10.0KV 8.5mm x11.0k SE(U) 5/14/2016 11:46

V. e W
10.0um,

' Tl
5 00um

. ; ".-{.* § % - G 28 ;;I"
§0B000,10,040.8:5mmix4.00k SE(U)5M4/2016 41:48 *

; |
SUB000 10.0kV'8 5mm x70.0k SE(U)5/14/2016 11:49"

T
B

Vo
10.0um

T s sk

500nm

Kl 4 LCFNbO.1|ScSZ|LSM/ScSZ Hiitliff] SEM & F
Fig. 4 SEM images of the cell with configuration of LCFNb0.1/ScSZ|ScSZ|LSM/ScSZ
Cross section of the porous ScSZ layer before (a) and after (b) infiltration along with EDS mapping results; The magnified
cross-section of the LCFNDbO.1 anode (c) and the magnified surface of the LFCNbO0.1 anode (d)
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