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Introduction

A CuggNig, anode-composite has been used with dry CH,
fuel at 80C°C (1), but readions within the anode-composite
have not been charaderized. Eledrochemicd impedance
spedroscopy (EIS) has been used extensively to charaderize
eledrode readionsin SOFCs (2, 3). In this paper we report the
use of EIS to examine the behavior of a CuygNig, anode-
compositein dry CH, at 800°C.

Experimental

The cdl preparation is described elsewhere (1). The exad
composition of the CuggNig, anode-composite is
(CuogNio2)1540%-(CEO2)7.706"Y SZ76. 9% (Wt%). The
eledrochemicd cdl has a ~40 micron YSZ eledrolyte, and a
Y SZ-LSM (50:50 wt%) cathode-composite. Platinum and gdd
current collecors are atached to the cahode and anode using
Pt and inks.

The cdl is heaed to 700C in H, and held for 2 hours.
After repladng H, with dry CH,, the temperature is raised to
80C°C. The arrent density vs. voltage curves (I-V) and
impedance spedra ae determined at different times. Seven
days after the introduction of CH,4 into the composite anode,
the aurrent colledor wires are disconneded, and a gas mixture
of 5% CO and 93% CO, flows through the anode for three
hours. Dry CH, is then reintroduced for more impedance
measurements to investigate carbon formation inside the
anode-compasite environment.

Results and Discussion

Fig. 1 displays the I-V curves of the CuggNig, anode-
compaosite SOFC. The maximum cdl power density increases
from 8.6mwW/cm? to 137mW/cm? with time, due to the
deaeasing total cdl resistance indicated in the arresponding
impedance spedra (Fig. 2).

The model depicted in Fig. 3 is proposed to explain the
cdl ohmic-resistance drop shown in Fig. 2. The CuggNig2
anode-compasite could have a significant ohmic resistance if
the impregnated alloy particles are not well conneded. And
the deposited carbon could increase the eledricd conductivity
in the anode-composite by creaing eledronic-conduction
paths between the initially isolated alloy particles. As a
conseguence, the ohmic resistance will deaease.

A fixed mixed-gas (5 vol% CO and 95 vol% CO,)
environment has been established in the anode-composite
chamber to test this model. Thermodynamic-cdculations
indicae that this atmosphere will oxidize the cabon without
the oxidation of copper or nickel in the alloy. After expasing
the anode-composite to the mixed gas for 3 hrs, dry CH, is
then reintroduced. Then impedance spedra ae measured
again after 32 hrsin the flowing CH,4, as shownin Fig. 4c. The
cdl ohmic resistance of ~4 ohm.cm? return its previous value
of ~4.1 ohm.cm? (curve (a)). These results indicate that carbon
formation takes placein our anode-composite in a flowing dry
CH, environment, and it can improve the eledricd
conductivity of the anode-composite and deaeases the ohmic
resistance of the cél.

Conclusions

The behavior of a novel CuggNig» anode-composite in a
SOFC using dry CH, at 800°C has been investigated. The ceél
current and power density improved during a 7-day operation
due to an olserved deaeasein total cdl resistance Impedance
spedra show a shape change, with the high-frequency arc
diminishing. The low-frequency arcs gradually dominate the
impedance spedra, indicaing that the ohmic resistance of the
cdl deaeases. A model involving carbon deposition inside the
anode-compasite is proposed to explain these variations of

ohmic resistance.
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Fig. 1. Variation of 1-V and power density of the anode-
composite SOFC in dry CH, at 800°C.
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Fig. 2. Corresponding impedance spedra change of the anode-
composite SOFC in dry CH, at 800°C.
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Fig. 3. Schematic pictures of the porous anode-compasite (@)
before and (b) after introduction of CH, at 800°C.
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(b) 168-hour impedance spectrain CH, before
12- treating with the mixed 3% CO - 95% CO, gas

(€) 32-hour impedance spectrain reintroduced CH,
| after treating with the mixed % CO - 95% CO, gas |
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Fig. 4. Impedance spedra change of the anode-compasite

SOFC indry CH, at 800°C before and after treding the
anode-compasite with 5%C0-95%CO, mixed gas.
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