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Composite Anodes with Ni Impregnated LST-SSZ for Direct Methane Solid
Oxide Fuel Cells

LIU Ya-Di, YUAN Chun, ZHOU Yu-Cun, ZOU lJie, XIN Xian-Shuang, WANG Shao-Rong

(Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: Solid Oxide Fuel Cells (SOFCs) is one of the most attractive energy conversion devices because of their
high efficiency, low pollution, and fuel flexibility. La,SrysTiO; (LST) anode material shows its potential utilization
in direct oxidation of methane fuel without carbon formation. In this paper, LST powders were synthesized by tra-
ditional solid-state method, and then mixed with scandia-stabilized zirconia (SSZ) in mass ratio of 5: 5 to prepare
the composite anode materials. Symmetrical cells with LST-SSZ composite anode were fabricated and measured.
Their polarization resistances in hydrogen at 700°C, 750°C and 800°C were 5.3, 3.0 and 2.0 Q - cm’, respectively.
Considering the insufficient conductivity of LST, 10wt%Ni was impregnated into the composite anode to improve
the anode performance. The polarization resistance of the symmetrical cell with 10wt% Ni impregnation load is ob-
viously reduced. The maximum power density of a cathode supported single cell with 10wt%Ni-LST-SSZ compos-
ite anode are 225 mW/cm® and 175 mW/cm® in hydrogen and in methane at 750°C, respectively, and the single cell
shows its stability running in methane fuels.
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Fig. 1 XRD patterns of LST powders sintered at 950°C,
1200°C and 1400°C, and reduced at 800°C for 10 h
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Fig. 6 EIS and Bode plots of 10wt%Ni-LST-SSZ/YSZ/10wt%Ni-LST-SSZ anode symmetric cells in (a, b) hydrogen and (c, d)
methane

7 WA 10wt%Ni-LST-SSZ/YSZ/10wt%Ni-LST-SSZ Bk
XS R T SEM T35

Fig. 7  Cross-sectional SEM images of the anode in
10wt%Ni-LST-SSZ/YSZ/10wt%Ni-LST-SSZ anode symmetric
cell after test

B MR S 3 R s i, JLAE 750 CEART K
TR Yy 325 mW/om?, KR 48 BH Ht F1 8% A6 B ¢ 45
W4 0.125 Q- cm® 1 2.1 - Qem®. HIMLTT 40, KA
LST E R =AM EL, &35 Ni Ja, BRI Hy
WD TAEGE AR NIO [l FH &, SUATARE B A%
SO R R et 7R SR R RE AT /N R PRI
V)AL, LST A5 FHA AR Ni A& 1 7Y
FHAR mT LLE A B B i Pak DU AR B ), (LA v R
FEELEH ¢ SOFC W o & 9 S 12 i HE it 7F e
PRRL R IE L IR 2R 1, fES PTG 4 h P, Hh
PEBE HT T LSM B AR AR I FoL 8 175 A 2050 BV 1 e 2 48

L, IR FEAGRRRRRE, HEASCRETRM 9 h R
WY FE . AR, JE Sk AR Tl i IR L K
I T e 1

K AL A R LST M & R UF ik
T MERAL A . K5I SSZ A& Lol VR A 1F
H A A RN, HAEES 0 700,750 T 800 C
I B AL B HT 4 500 5.25. 3.0 F12.0 Q- cm’. 24
A 10wt%[¥ Ni 235t 8 A& P i, A AL BT
W, SV 700, 750 K1 800 CHE 43k
1.0, 0.62 F10.37 Q- cm®. L 10wt%Ni-LST- SSZ ff
hy BH AR A1 2% 8 B A SZ 4% 78 SOFC e, #F 750 C
DAELASOR R e RIS, d5 K Bh 2R 8 15 4y ) T ik
225 mW/cm?* Fl 175 mW/em?, AHZEHANK o BRUGFH AT
05021 Q- e, BALFHFTZ 514 1.8 F13.5 Q « en’,
%t E e R TP R RO 9 h, PRERESE AR
SE, D EPUBA G . 7T 10wt%Ni-
LST-SSZ & A M EME Jy H 4 bt SOFC 1 FH A A4
W R D), e m LR IR AL 25 5
JLRK RS e M e 2k TAE M .



1126

TN MR IR

029 4%

1.2
1.0

oo

Voltage / V
=
(3] E= (=21

=

L e
S th O W

—Z../ (£rcm?)
G

i
o

0

0.7
0.6
0.5

=04

2
<03

N 02

0.1

(a) |—=— H,
2—e—CH,

.
2
2
\ %

250

1200

1100

(=]

0.2 04 0.6
Current density /(A cm™)

2 | (b)o.2o

=
&
[

e CH

-
B —

~Z (Qem?)
)
=
|38

.
=
[=]
2
.
.
i,

B 0

0.10 0.15 020 0.25

i Z, 1/ {Qrem?) -~
L P - J

0 05 1.0 15 20 25

P o AP

Z.(Lem?)

Ao
o
LFS)
>

. 0.47597 2—e— CH,

.y,
. o, 15473
A

- .,
1 ™ .::
Ty il ik, " il

- 1o 10! 10* 10° 10

8
single cell

110
100

90

80

70

Power density / (mW-cm™2)

60

50
0

9 10wt%Ni-LST-SSZ/SSZ/LSM-SSZ/LSM H.Hi 71 Fl kst
kL AR e

Fig. 9 Performance stability of 10wt%Ni-LST-SSZ/SSZ/LSM-

Frequency / Hz

10°

Discharge 0.7V

T

I I i I

2 4 6 8
Time/h

SSZ/LSM single cell running in methane fuel

Power density / (W-cm™)

10wt%Ni-LST-SSZ/SSZ/LSM-SSZ/LSM . H b [f1 12 fig
Fig. 8 The performance of 10wt%Ni- LST-SSZ/SSZ/LSM- SSZ/ LSM

2% 3k

(1]

[2]

[3]

(4]

(3]

(6]

[7]

8

[t

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

SAVANIU C D, MILLER D N, IRVINE J T S, et al. scale up and
anode development for La-doped SrTiO; anode-supported SOFCs.
Journal of the American Ceramic Society, 2013, 96(6): 1718—
1723.

ZHANG X H, ZHANG J, YUAN C, et al. Synthesis and properties
of LST-x%Bi,0; anode materials for solid oxide fuel cells.
Advanced Materials Research, 2011, 347-353: 3325-3329.

ZHOU X, YAN N, CHUANG K T, et al. Progress in La-doped
SrTiO; (LST)-based anode materials for solid oxide fuel cells. RSC
Advances, 2014, 4(1): 118-131.

ATKINSON A, BARNETT S, GORTE R J, et al. Advanced anodes
for high-temperature fuel cells. Nature Materials, 2004, 3: 17-27.
YE X F, HUANG B, WANG S R, et al. Preparation and perform-
ance of a Cu-CeO,-ScSZ composite anode for SOFCs running on
ethanol fuel. Journal of Power Sources, 2007, 164(1): 203-209.
ZHAN Z L, BARNETT S. Use of a catalyst layer for propane
partial oxidation in solid oxide fuel cells. Solid State lonics, 2005,
176(9/10): 871-879.

TAO S, IRVINE J T, PLINT S M, et al. methane oxidation at redox
stable fuel cell electrode Lag 75S1925Cro sMng sOs.5. J. Phys. Chem. B,
2006, 110(43): 21771-21776.

RUIZ-MORALES J C, CANALES-VAZQUEZ J, PENA-MARTINEZ,
et al. On the simultaneous use of Lay75Sr25CrosMngsOs-s as both
anode and cathode material with improved microstructure in solid
oxide fuel cells. Electrochimica Acta, 2006, 52(1): 278-284.

LIU Q, DONG X, XIAO G, et al. A Novel Electrode Material for
Symmetrical SOFCs. Advanced Materials, 2010, 22(48): 5478-5482.
HUI SAND, PETRIC A. Valuation of yttrium-doped SrTiO; as an
anode for solid oxide fuel cells. Journal of the European Ceramic
Society, 2002, 22: 1673-1681.

MARINA O A, IELD N L, STEVENSON J W, et al. Thermal,
electrical, and electrocatalytical properties of lanthanum-doped
strontium titanate. Solid State lonics, 2002, 149(1/2): 21-28.
PILLAI M R, KIM I, BIERSCHENK D M, et al. Fuel-flexible
operation of a solid oxide fuel cell with SrygLag,TiO; support.
Journal of Power Sources, 2008, 185(2): 1086-1093.

KIM G, GROSS M D, WANG W, et al. SOFC Anodes Based on
LST-YSZ Composites and on Y 04Ce4sZ104502. Journal of The
Electrochemical Society, 2008, 155(4): B360-B366.

KIM H S, YOON S P, YUN J W, et al. St99,Y0.0sTiO3-5/Smg2Ceo 5055
anode for solid oxide fuel cells running on methane. International
Journal of Hydrogen Energy, 2012, 37(21): 16130-16139.

YOO K, PARK B H, CHOI G M, et al. LST-GDC composite
anode on LaGaOs-based solid oxide fuel cell. Solid State Ionics,
2011, 192(1): 515-518.

YOO K B, PARK B H, CHOI G M, et al. Stability and
performance of SOFC with SrTiOs-based anode in CHy fuel. Solid
State Ionics, 2012, 225: 104-107.

YE XIAOFENG, ZHOU J, WANG S R, et al. Reasearch of carbon
depositon formation and judgement in Cu-CeO,-ScSZ anodes for
direct ethanol solid oxide fuel cells. International Journal of
Hydrogen Energy, 2012, 37(1): 505-510.

YUAN C, LIU Y, ZHOU Y, et al. Fabrication and characterization
of a cathode-support solid oxide fuel cell by tape casting and
lamination. International Journal of Hydrogen Energy, 2013,
38(36): 16584-16589.



