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than that in other barium cerate-based compounds stud-
ied. The conductivities of the composite sample were, as
expected, between those of the two pure phases. The
impedance spectra for the BaCuGd2O5 showed negligible
interfacial loop, suggesting that it may have a significant

Fig. 5. X-ray dot mapping for cerium, copper, and gadolinium showing the distribution of the BaCeO3 and BaCuGd2O5 phases in a sin-
tered bulk composite sample.

component of electronic conductivity and may be well
suited to electrode applications.

Ionic transference number.—Both the BaCuGd2O5 and
the composite samples were studied using oxygen concen-
tration cells in order to determine the ionic or electronic
transference numbers. These results indicate that the
BaCuGd2O5 exhibits predominantly electronic conduction.
In an oxygen concentration cell with a configuration of
air,AgIBaCuGd2O5IAg,Ar, the observed cell voltage is neg-
ligible. Under similar test conditions, the barium cerate-
BaCuGd2O5 composite attained an open-cell voltage of
about 12 mV, or about 8% of the Nernst potential. This
indicates mixed ionic-electronic conductivity for the com-
posite material. Using the open-cell voltage (V0) meas-
urements of the cell, the Nernst potential (EN) calculated
from the oxygen partial pressures across the cell, and ac
impedance data taken in situ, the ionic transference num-
ber can be determined through the use of the following
equation14

, =i-(i-?] [1]

Where Rb and RT are the bulk electrolyte and total cell
resistance, respectively. The ionic transference number
for the composite material was found to vary with tem-
perture, ranging from 0.24 at 630°C to 0.17 at 780°C. The
ionic conductivity of the mixed conducting barium cerate-
BaCuGd2O5 composite as calculated from the total con-
ductivity and ionic transference number is nearly equal to

Fig. 4. An SEM micrograph of a composite consisting of 70 yb
BaCeO3 and 30 yb BaCuGd2O5 sintered at 1200°C for 12 h.
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Fig. 6. Total conductivities of a pure phase BaCuGd2O5, a com-
posite consisting of 70 yb BaCeO3 and 30 yb of BaCuGd2O5 and
of BaCe08Gd02O3. 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-BaCuGd2O5 com-
posite tested here in comparison to those for BaCe08Gd02O3.

Electrode applications—To determine the usefulness of
the BaCuGd2O5 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
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Fig. 7. Total and ionic conductivities for a barium cerate-
BaCuGd2O5 composite and a BaCe08Gd02O3 electrolytes measured
in an oxygen concentration cell with a configuration of Ar,Ag I elec-
frolyte lAg, air.

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 twospec-
tra clearly shows the advantages of using the new elec-
trode materials over silver. The interfacial resistance, R5,
can be calculated from impedance data and the ionic
transference number, t, as

R0=
R.r—Rb [2]

t. 1— — t.)
Rb

where RT and Rb are the total and bulk resistance as
determined from impedance spectroscopy.16 Estimates of
the ionic transference number have been reported'4 to be
on the order of t 0.6 for BaCe0 8Gd02O3 in air. The inter-
facial resistances of the BaCe06Gd02O3 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
BaCuGd2O5-BaCeO3 composite electrodes.

ZI

Fig. 9. Impedance spectra of symmetrical cells with different
electrodes: silver, BaCuGd2O5, and a composite.
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Fig. 10. Interfacial resistances of symmetric cells using different
electrodes: (a) silver, (b) BaCuGd2O5, and (c) BaCuGd 2Os-BaCeO3
composites.

Conclusions
BaCuGd2,O, has been identified as a viable electrode

material for BaCeO3-based electrolytes because of its high
total conductivities with a substantial amount of elec-
tronic conductivity and excellent compatibility with bar-
ium cerate compounds. The BaCuGd2 O5 readily coexists
with barium cerate to form a two-phase composite. The
composite exhibits high ambipolar transport properties
under gas permeation conditions and has an ionic trans-
ference number of about 0.2. When used as electrodes on
BaCe0 sGd0 203-_ electrolyte, the interfacial resistance of
the cell is reduced more than ten times in comparison to a
cell using platinum or silver electrodes.
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