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Performance of the Ni-LCCM-GDC Anode for Solid Oxide
Fuel Cells in Natural Gas and Methane

FANG Liang LIU Rui-Quan™
(College of Chemistry and Chemical Engineering, Xinjiang University, Urumgi 830046)

Abstract: The article carried out the Sol-Gel Method to synthesize La,_Ce,CrysMnys0;5 (x=0.05, 0.10, 0.15, 0.20)
(LCCM) nanopowders. The Ni-LagyCeqCrysMngs0; 5-CengGdo,0,5 (GDC) anode-supported cells were fabricated by
dry-pressing process using GDC as electrolyte and LaggSry,Coggke .05 5(LSCF)-GDC as cathode. The crystal forms,
chemical stability and microstructures were investigated by XRD and SEM. The electrical properties of single cell
were tested by using humidified natural gas (3% H,0) and methane as fuel respectively, oxygen as oxidant in the
temperature range from 500 °C to 750 °C. We also detected the composition of anode tail gas by using methane.
The results show that the composite anode have good chemical compatibility, anode and cathode have the better
pore microstructure. At 700 °C, the maximum power density is 28.61 mW -cm™ for humidified nature gas, 31.03

mW -cm™ for methane. Carbon monoxide (CO) and carbon dioxide (CO,) were detected in the anode tail gas at

500~750 °C. The maximum contents of CO and CO, are 2.392 54%, 6.208 91% at 700 °C, respectively.
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Table 1 Composition of the cells
cl Composite anode / Thickness of Flectrolyte (03 g Thickness of Composite
wt% (1.1 g) anode / mm electrolyte / mm cathode / wt%
A NiO(50)-GDC(50) 0.58 GDC 0.2 LSCF(70)+GDC(30)
B NiO(50)-L90C10CM(10)+GDC(40) 0.58 GDC 0.2 LSCF(70)+GDC(30)
C NiO(50)-L90C10CM(20)+GDC(30) 0.58 GDC 0.2 LSCF(70)+GDC(30)
D NiO(50)-L90C10CM(30)+GDC(20) 0.58 GDC 0.2 LSCF(70)+GDC(30)
E NiO(50)-1.90C 10CM(40)+GDC(10) 0.58 GDC 0.2 LSCF(70)+GDC(30)
F NiO(50)-1.90C10CM(20)+GDC(30) 0.58 GDC 0.2 LSCF(70)+GDC(30)

Explanation: Cell A, B, C, D and E were tested by using humidified natural gas (3% H,0); Cell F was tested by using methane.
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Fig.1 Device diagram of the experiment and the

circuit diagram of the experiment
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Explanation: The solid dots show the relation between current density and power density tested at 500~750 °C, and the hollow ones show the

relation between current density and voltage tested at 500~750 C
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Fig.5 Electrochemical performance of cell A(a), B(b), C(c), D(d), E(e), F(f) tested at 500~750 °C

BT GDC & & DR T2 A A TS
S YT R ) A ST X 3T D
E PERER) FRE, Mk ¢ St F s M H
HLt C P PERE L Lt F RS 22 | 32 T T
P BERE SR TR 1 2 KRR, Ja 3 R &
Bt RIRAS A D A % 24 5, 2 (8 H it B
e P BE A AIKLT
24 BHEMPARESSHF

&l 6 LML F BHAR B2 A 700°C, fe KL

FEH 162.36 mA - cm™ B9S85 K] AR S s ik
JERE, RBAT CO.CH,.CO, # i 73h 2.392 54%
75.05132% .6.20891%, XKW CH, £ & A B
11 T R A e A e A A BT
HL M F AR 2 AR 500~750 °C ¥ P 9 €535 & i
B, Hods R % B X Rk R b €O, o, &t
F2 iR B8 R CO,Co, FRESIRELRE  MNAE
8 FIZR 2 Al A . 7E 500~700 CIf T Fl N | bE & iR
BT R, AT CO,Co, bz gk, Hr



844 /TR | R A= = o %526 5

CO, Ty e R B8 & T CO, X4 JE ik 3|

aa 700 CHE,CO Il CO, & 8 H3k B iR A, 48 51N

H0) 2302 54 o 2.392 54%F1 6.208 91%., 3% 2 Hi T Hi % L TH 5 1

2 | o F L TG B B CH, 52 2 BRI 52

050 | | R G A SRR | o e T R T e DRI

" f‘ } \ /N CH, 7552 4 PR A I R 07 s 5 4 A b .

oo ) e HEFHE 750 <C,C0 I CO, & BIFHATHE | B it

M B B0 I FRL 7 25 B R [ | L, 7 52 B AR 26 T 2 i

K6 it F B R/ 700 CRYHY G A %, S8 T CO Fl CO, & i TR,
F1g.63 OChromatogram of the anode tail for cell F at 700 °C 3 z:é': 'L/E

2.5 (1) SR FH i e — B 5 125 1 %8 La,_.Ce,CrosMngs0;5.

20 (x=0.05,0.10,0.15,0.20), >4 x<<0.1 B B3 1A i) AH 45

2 :Z 4 Ry B — B B ER A 4548 5 4>0.1 B R A b i B0

0..5 WA AAH, R Ce 7 LaCrO; H [ BR 7E 10mol%
0.0 ZuN

50 100 150 200 250 300 (2) & & B NiO-LaggCeqiCrosMnys0;_~GDC 7E

t/ min

1300 CHE4E 6 h, &Y BT Z (8] R KA Oy, R B &2
A PR BT B I A2 A A 1
different temperature (3) KA -ILBR 45 15 1l % T Ni-L9OC10CM-
GDC(5:2:3)/GDC/LSCF-GDC . Hi ith | At #% 55 Fi fiff ot
of Zco, 2 [ el 6 eh i BB 9 B LA B 1 LR 25
1, 7€ 700 CHF, LLRIR SRR, e K HL T % B
R K H D% 58 131.96 mA -em™,28.61 mW -
em; DL FVE AR RHA | H5 K FL 4 B R R K LT R
718 162.36 mA-em?,31.03 mW-em™2,
(4) 7E 500~750 CIE M, CH, 765 & FAA R m
J R g5 ROEE A A AL e 2 | ALILAE . 7E 500~700
500 550 500 650 700 750 CIEFE N ERE T, BEAH W CO,CO, &
Temperature [ C Bz 4K, Hd co, RGN A HOR ) B T

K8 co. co, ﬁfﬁﬁ’g*%%’ 0,700 CHt CO,CO, & ft ik BB KA, 4 51 %
Fig.8 D f é :
ig.8 Dependence of CO and CO, contents on temperature 2.392 5491 6.20891%.

k2 BEHMFHARESSESRABRETEXRSR

Table 2 Relation between the maximum current

Bl 7 il F AR AE 500~750 CH B Y (@ g 1A
Fig.7 Chromatogram of the anode tail for cell F at the

Content / %
w
T

density and contents of the anode tail

gas for cell F
[1] Murray E P, Tsai T, Barnett S A. Nature, 1999,400:649-651

Temperature /  Maximum current Contents of  Contents of [2] Weber A, Tvers-Tiffée E. J. Power Sources, 2004,127:273-
C density / (mA-cm™) CO/ % CO,/ % 783
200 2092 028090 0.960 06 [3] Park S, Vohs J M, Gorte R J. Nature, 2000.404:265-267
350 66.16 0-558 51 1.972 24 [4] Zhao X Y, Yao Q, Li S Q, et al. J. Power Sources, 2008,185:
600 98.97 0.579 70 2.217 38 104-111
650 133.01 094325 3166 57 [5] LIU Jiang(X] iT). Prog. Chem.(Huaxue Jinzhan), 2006,18
700 162.36 2.392 54 6.208 91 (7/8):1026-1032

750 14891 142340 467726 [6] YOU Hong-Xin(H % #7), MAO Xiao-Feng( B 14), DING




553 T A RARAUR I g [ A AL MR L T R Y Ni-LCCM-GDC PR PEREWF5Y 845

Xin-Wei(T 15 1), et al. Mod. Chem. Ind.(Xiandai Huagong),
2003,23:8-11

[7] Lin Y B, Zhan Z 1, Liu J, et al. Solid State Ionics, 2005,
176:1827-1835

[8] Gorte R J, Vohs J M. J. Catal., 2003,216:477-486

[9] ZHENG Yao(¥5 35€), ZHOU Wei(J4 ), RAN Ran(#%
5R), et al. Prog. Chem.(Huaxue Jinzhan), 2008,20(2/3):413-
421

[10]Natile M M, Glisenti A. Chem. Mazer., 2005,17(13):3403-3414

[11]Murugan B, Ramaswamy A V. Chem. Mater., 2005,17 (15):
3983-3993

[12]HAO Hong-Xia(#8 £ ), LIU Rui-Quan (X% ). J. Inorg.
Mater.(Wuyji Cailiao Xuebao), 2009,24(3):539-544

[13]Tao S W, Irvine J T S. Nai. Mater., 2003,2:320-323

[14]Lay E, Gauthier G, Rosini S, et al. Solid State lonics, 2008,
179:1562-1566

[15]LI Mao-Hua (% % %€), LIU Rui-Quan(X| % ). Chinese J.
Inorg. Chem.(Wuji Huaxue Xuebao), 2008,24(2):195-200

[16]Liu R Q, Xie Y H, Wang J D, et al. Solid State lonics,
2006,177(1/2):73-76

[17]MAO Zong-Qiang(E 5% 3#). Fuel Cell(#% #F & &), Beijing:
Chemical Industry Press, 2005.

[18]Liu J, Barnett S A. Solid State Ilonics, 2003,158:11-16

[19]Tao S W, Irvine J T S. Chem. Rec., 2004,4:83-95

[20]Sfeir J, Buffat P A, Mckli P, et al. J. Catal., 2001,202(2):
229-244

[21]Ding C S, Lin H F, Sato K, et al. Ser. Mater., 2009,60 (4):
254-256



