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Preparation and Properties of Erbium-Doped Ceria (EDC) for
IT-SOFC Anodes in Natural Gas

HAO Hong-Xia LIU Rui-Quan™
(College of Chemistry and Chemical Engineering, Xinjiang University, Urumgi 830046)

Abstract: The article carried out the Sol-Gel Method to synthesize Ce,_Er,0, (x=0.00, 0.10, 0.15, 0.20, 0.25, 0.30)
(EDC) powders, as the anode materials of intermediate temperature solid oxide fuel cell (IT-SOFC). The NiO-EDC
anode-supported cells were fabricated by dry-pressing process using CeysGdy,0,5 (GDC) as electrolyte and
LaggSro,Copgk 0205 5(LSCF)-CegsGdo20,5(GDC) as cathode. The crystal forms, microstructures and chemical stability
were investigated by XRD and SEM. The performances of single cells were tested by using humidified natural gas
(3% H,0) as fuel and oxygen as oxidant in the temperature range from 400 °C to 700 °C. The results show that
the anode of the cell represents good open-framework; The 50% NiO-50% Ceygskry;50, (E15C85) anode-supported
cell demonstrates the best electrochemical performance among the eleven cells composed of different anodes. The

maximum current density and power density are 117.84 mA -cm™ and 24.37 mW -cm™ tested at 650 °C respectively.
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Table 1 Composition of the cells

Cell Composite Thickness of Electrolyte (0.25 Thickness of Composite
anode / wt% (1.00 g) anode / mm electrolyte / mm cathode / wt%
A NiO(50)-CeO4(50) 0.55 GDC 0.15 LSCF(60)+GDC(40)
B NiO(50)-E10C90(50) 0.55 GDC 0.15 LSCF(60)+GDC(40)
C NiO(50)-E15C85(50) 0.55 GDC 0.15 LSCF(60)+GDC(40)
D NiO(50)-E20C80(50) 0.55 GDC 0.15 LSCF(60)+GDC(40)
E NiO(50)-E25C75(50) 0.55 GDC 0.15 LSCF(60)+GDC(40)
F NiO(50)-E30C70(50) 0.55 GDC 0.15 LSCF(60)+GDC(40)
G NiO(10)-E15C85(90) 0.55 GDC 0.15 LSCF(60)+GDC(40)
H NiO(20)-E15C85(80) 0.55 GDC 0.15 LSCF(60)+GDC(40)
I NiO(30)-E15C85(70) 0.55 GDC 0.15 LSCF(60)+GDC(40)
J NiO(40)-E15C85(60) 0.55 GDC 0.15 LSCF(60)+GDC(40)
K NiO(60)-E15C85(40) 0.55 GDC 0.15 LSCF(60)+GDC(40)




1844 oAl Ak

A 525 %

B BRES  E S A EIE A PR R A
1.2 HEMHTHE
1.2.1  PHAR S 45 0% W i o R A il %

B 1.00 g ffF S G (9 BH AR R 4K B T RS R S 3%
YL TH SRR PRI 0.25 ¢ GDC HL R 5T & F FH AR F
& &, T 120 MPa Bl 1a] & 77 F R il B EL 728 25
mm, JEH 1.23 mm B f, K5 E T ek
Fie o5 7 THR A3 °C-min™) L& 1250 C, K5 4% 6
h, SR EHAEZAH 21.6 mm, BE L4 0.70 mm 1 FH
P S I L
1.2.2 TR A AR AA Ak ] A 2 Fi it

¥ LSCF #1&5 GDC ¥y 1A LL 6:4 (who) IR
AL MAGE JEICK QB TR B8R 1 h,
IR A AR | Br 2 oK S B BN AGE & (1 |
A T T D 2075 21 2 R 422 (who) TR A T B P R 45 791
il S A R 4 s S 1 BF AR S ARk v PR S A 11
W % i LR T — N R 72 h BRI AR E
FRiREEE I T 1 150 CCbe4s 2.5 h, 155 E
FER 0.77 mm FHL R (RN 1),

1.3 HREHERRSH

F H 7S MAC 22 R4 721 M1SXCE 0 X 44l
S XRD)X BT il 43 4 EDC 199 AH 1517 2544 53 At
B % K 0.1540 56 nm, FAHETEH 10°~80°,

fif FH 75 [ LEO-1430VP A 43 # T & il B8
(SEM) X 4 i A 17 17 1) S 1k 445 A 1E AT O O S
30T,

1.4 Eib AL AR

SEUGTHT, Sk F b RN R 2 2 IR FH AR 22 3%
SR e W JE P R TR K U R I R A B A R o -,
Ag-Pr PRI, IR KSR (3% H,0) K #E K
LTSN 40 mL-min™, A AR, TR 30
mL-min™, WK B TE 400~700 CHY L AL 2= PERE L T
B E WA 1,

Natural gas Rheostat
e _ \
&
 — /
Tail gas Ampere meter

]

Reflux water

~— Thermocouple

Reflux water

Voltage meter

P e v R ik A g 1]
Fig.1 Device diagram of the experiment and the

circuit diagram of the experiment
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Fig.2 XRD patterns of the Ce;_Er,0,(x=0.10, 0.15, 0.20,
0.25, 0.30) powders sintered at 1250 °C for 6 h
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Table 2 Lattice constants of Ce,_Er,0,(x=0.00, 0.10,
0.15, 0.20, 0.25, 0.30)

x Lattice constant a / nm  Lattice volume V / nm’
0.00 0.541 100 0.158 43
0.10 0.541 134 0.158 46
0.15 0.542 962 0.160 07
0.20 0.542 326 0.159 51
0.25 0.541 472 0.158 76
0.30 0.540 647 0.158 03
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Fig.3 XRD patterns of the E15C85 powders sintered

at different temperature for 2 h
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Explanation: The solid dots show the relation between current density and power density tested at different temperature,

and the hollow ones show the relation between current density and voltage tested at different temperature
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Fig.7 Electrochemical performance of cell A(a), B(b), C(c), D(d), E(e) and F(f) tested at different temperatures
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