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Electrochemical Performance of the Solid Oxide Fuel Cell
with Different Thicknesses of BSCF-based Cathode
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Abstract >> In order to reduce the costs and to improve the durability of solid oxide fuel cell (SOFC), the operating
temperature should be decreased while the power density is maintained as much as possible. However, lowering
the operating temperature increases the cathode interfacial polarization resistances dramatically, limiting the
performance of low-temperature SOFC at especially purely electronic conducting cathode. To improve cathode
performance at low temperature, the number of reaction sites for the oxygen reduction should be increased by
using a mixed ionic and electronic conducting (MIEC) material. In this study, anode-supported fuel cells with
two different thicknesses of the MIEC cathode were fabricated and tested at various operating temperatures. The
anode supported cell with 32.5um-thick BSCFZn-LSCF cathode layer showed much lower polarization resistance
than that with 3.2/m thick cahtode and higher power density especially at low temperature. The effects of cathode
layer thickness on the electrochemical performance are discussed with analysis of impedance spectra.
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Fig. 1 SEM Microstructure of anode-supported fuel cells (NiO-
YSZ/ScSZ/GDC/BSCFZn-LSCF) with cathode layers coated
from slurries with (@) 8% and (b) 20% PVB
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Fig. 2 Power density and current density of single cell with

different cathode thickness. (a) 3.2um thick cathode layer,
(b) 32.5um thick cathode layer
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Fig. 3 Impedance spectra of single cell at temperatures
between 800 and 650T in dry air. (a) cathode thickness
1 3.2um (b) cathode thickness : 32.5um
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Table 1 Resistance extracted from A.C impedance at
different temperatures, (a) cathode thick 3.2um (b) cathode
thick 32.5um

Temperature(C) | Ro(Qem?) | Ry(Qem?) | Rioga cm’)
(a) 0.30 0.25 0.55
800
(b) 0.17 0.07 0.24
(a) 0.47 112 1.59
750
(b 0.26 0.15 0.41
(a) 0.66 335 4.01
700
(b) 0.44 0.31 0.75
(a) 1.01 10.28 11.29
650
(b) 0.78 0.76 1.54
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Fig. 4 The equivalent circuit used to fit the electrochemical
impedance spectra in at 650C data of Fig. 3, (a)equivalent
circuit. Rs : ohmic resistance; R1 : high frequency arc resis-
tance; CPE1 : high frequency arc resistance constant phase
element; R2 : Low frequency arc resistance; CPE2 : high
frequency arc resistance constant phase element, (b)fitting
Nyquist plot about unit cell of cathode thick 3.2um, (c)fitting
Nyquist plot about unit cell of cathode thick 32.5um
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Table 2. Result of fitting EIS at 650C. ( ) : Error%
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(R7s" (R7s"
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~<um (2.10) 9.37) (2.14) (1.99) (0.61) (0.33) (0.49)
15 0.79 9.07-10* 0.72 0.57 0.23 0.55 0.20
~Hm 0.7) (13.71) (2.25) (3.72) (11.62) (9.08) (11.30)
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Fig. 5 Long term behaviour of single cell at 800C with
different cathode thickness
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