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Abstract - For the purpose of finding new cathode materials for medium-temperature (700~800°C) solid oxide fuel
cells, Gd,(Ca,,Co,,Fe,0; (x=0.0~0.5) are prepared, and their thermal stability and conductivity characteristics are
investigated. Also, the cathodic activities are measured after the cathode layer being attached on CGO (cerium-
gadolinium oxide) electrolyte disk. The X-ray analyses indicate that the materials prepared by calcining the citrate-
gels at 800°C have the orthorhombic perovskite structure without discernible impurities. The thermal stability of
the undoped Co perovskite is so poor that it is decomposed to the individual binary oxide even at 1300°C. But
the partially Fe-doped cobaltates exhibit a better thermal stability to retain their structural integrity up to 1400°C.
The observation whereby both the undoped and Fe-doped cobaltates melt at ca. 1300°C leads us to perform the
electrode adhesion at <1300°C. The cathodic activity of Gd,,Ca,.Co,Fe,0, (x=0.0~0.5) electrodes is superior to
La,,Sr.,MnO, and, among the samples of x=0.0~0.5, the x=0.2 cathode shows the best activity for the oxygen
reduction reaction. It is likely that the Fe-doping provides a better thermal stability to the materials but in turn
imparts an inferior cathodic activity, such that the optimum trade-off is made at x=0.2 between the two factors.
The total electrical conductivity and ion conductivity of Gd,,Fe,,Co,.Fe,,0, are measured to be 51 S/cm and 6.0%
10* S/cm at 800°C, respectively. The conductivity values illustrate that the materials are a mixed conductor and
the reaction sites can be expanded to the overall electrode surface, thereby providing a better cathodic activity
than La,Sr,,MnO,.

Key words : Medium-temperature solid oxide fuel cells, Gd,sCa,,Co..Fe,0;, Orthorhombic perovskites, Mixed
conductor, Ac impedance, Electrical conductivity
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Fig. 1. A schematic illustration of the cell configuration. Note
the size and shape of each electrode.
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Fig. 2. X-ray diffraction patterns of Gd,;Ca,,Co,.Fe,0,(x=0.0~
0.5). Si powder was added as the internal standard. The lattice
parameters of each sample are listed in Table 1.

Table 1. Lattice parameters of Gd,;Ca,,Co,,Fe O,

Composition (x) a (A) b (&) c A
0 5247 5.380 © 7.463
0.1 5.260 5.394 7.475
0.2 5.275 5.411 7.492
0.3 5.284 5.434 7.521
0.4 5.292 5.451 7.535
0.5 5.307 5.463 7.550
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Fig. 3. X-ray diffraction patterns of Gd,;Ca,.CoO;. (a) as-pre-
pared, (b) after a heat-treatment at 1300°C for 1.5 h, and (c)
after a heat-treatment at 1400°C for 1.5 h. Note that this
material is decomposed to the individual binary oxide at
>1400°C.
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Fig. 4. X-ray diffraction patterns of Gd,;Ca.,Co,Fe,;0;. (a) as-
prepared, (b) after a heat-treatment at 1300°C for 1.5 h, and (c)
after a heat-treatment at 1400°C for 1.5 h. Note that this
material is thermally stable up to 1400°C.
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Fig. 7. Evolution of total resistance at the Gd,;Ca,,Co,.FeO;
cathodes according to cell operation time. The resistance values
were extracted from the ac impedance measurements at 800°C
under air. The results obtained with the La,,Sr,,MnQO, (LSM)
cathode are included for comparison.
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lent circuit is depicted in the inset.
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Fig. 9. Steady-state polarization curves as a function of Fe
doping contents (x) in Gd,;Ca,;Co.,Fe,O; and La,sSr,,;MnO;
(LSM) at 800°C under air.
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Fig. 10. Total electrical conductivity of Gd,,Ca..Co,;Fe,;0, as a
function of temperature. The measurements were made by the
dc 4-probe method.
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Fig. 11. Ton conductivity of Gd,;Ca,,Co..Fe,;0, as a function of
temperature. The measurements were made by the ac 2-probe
method.
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