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Recently much attention was paid to the development
of solid oxide fuel cells (SOFC) operated at
intermediate/low temperature such as 500-800°C. In order
to reduce the increased electrolyte resistance with
decreasing operating temperature, reduction in the
electrolyte thickness and development of high ionic
conducting electrolyte materials such as gadolinia-doped
ceria (GDC) were adopted [1-4]. Beside that, the
improvement of cathode performance and the
development of cathodes with low overpotentials at low
temperature become increasing urgent for the
development of high performance intermediate
temperature SOFC (IT-SOFC) [5].

Doped lanthanum cobaltite such as (La,Sr)(Co,Fe)Os
(LSCF) have been considered as cathodes for
intermediate/ low temperature SOFCs, especially with
ceria-based electrolyte because of their high electronic
and ionic conductivities as well as their high catalytic
activities for oxygen reduction [6-8]. However, the exact
oxygen reduction mechanism has not been clarified yet.
The clarification of reaction mechanism could enable usto
suggest the optimum interface for LSCF/ceria-based
electrolyte. In this paper, the impedance of oxygen
reduction at LaygSro,CopoFeyg0s; (LSCF)/GDC interface
under different oxygen partial pressures (from 1 atm to
0.0011 atm) and different temperatures was investigated.
Results show that there are at least three reaction steps
involved in oxygen reduction at LSCF/GDC interface.

Fig. 1 shows the impedance of oxygen reduction at
LSCF/GDC interface measured at 800°C as a function of
oxygen partial pressure. Two depressed arcs are observed
under high oxygen partial pressure such as 0.21 atm and 1
atm. Under oxygen partial pressure below 0.21 atm, an
additional arc appeared at very low frequency, the
resistance of which increased with deceasing oxygen
partial pressure. The polarization resistance corresponding
to the high-frequency arc showed the weak dependence on
oxygen partial pressure, which suggests the high-
frequency arc is due to oxygen diffusion in the LSCF bulk
cathode. The polarization resistance corresponding to the
intermediate-frequency arc showed strong dependence on
oxygen partial pressure, which suggests the low-frequency
arc is due to dissociative adsorption of oxygen and/or
surface diffusion of oxygen-containing species. The
polarization resistance corresponding to the additional
low-frequency arc is approximately proportiona to the
reverse of oxygen partial pressure, which suggests the
additional low-frequency arc is due to mass transfer of
bulk oxygen in porous L SCF cathode.

Fig. 2 shows the impedance of oxygen reduction at
LSCF/GDC interface measured at 800°C for two mixed

gas. N»-O, and He-O,. The oxygen partial pressure was
0.01 atm and 0.0011 atm. The additional low-frequency
arc can be seen to change noticeably in N,-O, and He-O,
under oxygen partial pressure of 0.0011 atm, which
supports that the additional low-frequency arc is due to
mass transfer of oxygen in bulk LSCF cathode. The
polarization resistance corresponding to the additional
low-frequency arc is reduced significantly in He-O,
because of higher gas phase diffusion coefficient in He-O,
thanin N5-O..

0.2

vV
A AAA A v Vg
0.14 vV vv

S %

i3

S 0018

(o] 5

N 18 O latm

" 014¥ o 0.21atm
g A 0.01atm
e v 0.0011 atm

T

T T T T T T
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Z'/Qcm’

Fig. 1 Dependence of impedance spectra measured at
800°C of LSCF electrode on oxygen partial pressure.
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Fig. 2 Impedance spectra measured at 800°C of LSCF
electrode with different balance gases.

References

1. S.deSouza S. J. Visco, L. C. de Jonghe, Solid Sate
lonics, 98, 57 (1997).

2. R.Doshi, V.L. Richards, JD. Carter, X. Wang, M.
Krumpelt, J. Electrochem. Soc. 146, 1273-
1278(1999).

3. C. Xia M. Liu, Solid Sate lonics, 144, 249-
255(2001).

4. Y.J. Leng, SH. Chan, S.P. Jang, K.A. Khor, Solid
Sate lonics, in press (2004).

5. SP.Jang, Y.J. Leng, S.H. Chan, K.A. Khor,
Electrochem. Solid Sate Lett., 6, A67-A70(2003).

6. B.C.H. Steele, J.-M. Bae, Solid State lonics, 106,
255-261(1998)

7. V.Dusastre, JA. Kilner, Solid State lonics, 126, 163-
174(1999).

8. E.P.Murray, M.J. Sever, SA. Barnett, Solid State
lonics, 148, 27-34(2002).



