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Fig. 6. Total conductivities of a pure phase BaCuGd,O;, a com-
posite consisting of 70 v/o BaCeO; and 30 v/o of BaCuGd,O; and
of BaCe;;Gd,,0;. All conductivities were measured in air using
impedance spectroscopy.

that of the gadolinia-doped barium cerate measured in a
similar concentration cell. Figure 7 shows the total and
ionic conductivities for the barium cerate-BaCuGd,O; com-
posite tested here in comparison to those for BaCe, ,Gd,,0;.

Electrode applications.—To determine the usefulness of
the BaCuGd,O; and the composite as cathode materials on
barium cerate electrolytes, test cells using these materials
as electrodes were constructed to determine the interfacial
resistances. In order to eliminate any bias introduced by
the electrolyte, the standard silver electrode and the test
electrodes were constructed on the same electrolyte, as
seen in Fig. 8. The electrodes produced from the ceramic
powders were somewhat crude, being thicker than ulti-
mately desired with noticeable cracks in the film after sin-
tering. Silver paste was applied over the ceramic electrodes
to act as a current collector for the possibly discontinuous
cracked ceramic cathodes.

The cells were tested using impedance spectroscopy in
air at temperatures from 200 to 800°C. Typical impedance
spectra obtained from the two pairs of electrodes of a test
cell are shown in Fig. 9. The area of each electrode was
produced as consistently as possible to allow easy compar-
ison between the new electrodes and the standard silver
electrodes. This direct comparison method which utilizes
the same electrolyte for both the test electrode and the

0.06

0.054

0.04

0.03+4

0.024

Conductivity (Q‘l emly

8

aCe
5 8Gd°-2°3 (lonic)

661 Composite T‘\‘\‘

T T T
09 095 1 1.05 11 115

1000/ Temperature (°K 'l)

Fig. 7. Total and ionic conductivities for a barium cerate-
BaCuGd,O; composite and a BaCe, ;Gd, ;O; electrolytes measured
in an oxygen concentration cell with a configuration of Ar,Aglelec-
trolytel Ag, air.
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Fig. 8. An SEM micrograph of the cross section of a symmetrical
cell with the composite electrodes and Ag current collectors.

standard, quickly shows the differences in interfacial
resistance between the two. Comparison of the two spec-
tra clearly shows the advantages of using the new elec-
trode materials over silver. The interfacial resistance, R,,
can be calculated from impedance data and the ionic
transference number, t,, as

Rp e Rr - Rb 21
ti |:1 - _&(1 - tl):|
R

b

where R and R, are the total and bulk resistance as
determined from impedance spectroscopy.'® Estimates of
the ionic transference number have been reported™ to be
on the order of ¢, = 0.6 for BaCe,;Gd,,O; in air. The inter-
facial resistances of the BaCe,,Gd,,O, cells using differ-
ent electrode materials are shown in Fig. 10. All of the
materials have a similar slope; however, the interfacial
resistances of the cell using silver electrodes are ten to
fifteen times greater than those of the cell using the
BaCuGd,0,-BaCeO, composite electrodes.
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Fig. 9. Impedance spectra of symmetrical cells with different
electrodes: silver, BaCuGd,O;, and a composite.
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