Nickel Coarsening Study on SOFCs Operated at High Fuel Utilizations

Pacific Northwest

Olga A Marina, Larry A Chick, Larry R Pederson, Nicole R Overman, and Jeff W Stevenson

Energy Processes & Materials, PO Box 999, PNNL, Richland, WA 99354

Motivation

A High fuel utilization conditions are likely to exist towards the cell exit.

d Nickel in catalysts and SOFC anodes is susceptible to coarsening when exposed to high steam
concentration at high temperatures.

 Coarsening would lead to the SOFC aging because the exchange current density is directly
related to the nickel particle size.

Objective
dSystematically evaluate performance of Ni/YSZ anodes in both anode- and YSZ electrolyte-
supported cells in synthetic reformate at high fuel utilizations and determine whether high fuel

Experimental

Approach

utilization leads to accelerated performance losses for SOFCs. 8 button cells installed per box furnace,
with individual gas flow controls; 6 furnaces
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d Multiple in-house and commercially prepared Ni/YSZ anode-supported
cells with LSM cathodes were tested for over 4,000 hours at 800 and 900°C
at humidity levels corresponding to 80-90% fuel utilization.

 Multiple commercially available YSZ electrolyte-supported cells with
Ni/YSZ anodes and LSM cathodes were tested for over 5,000 hours at 900°C
to eliminate glass seal aging effects.

dSeparately, to eliminate glass seal aging effects, multiple Ni/YSZ coupons
(pre-sintered NiI/YSZ anode supports with Ni/YSZ active anodes and YSZ
electrolytes) were exposed to high humidity levels corresponding to 90%
fuel utilization at 700, 800, 900, and 1000°C in a controlled gas-tight
environment without polarization.

1 Post-test characterization was performed using SEM/EDS mapping.

d The maps were analyzed using Image J™ software and statistical analysis
to evaluate the statistical significance of the differences in average particle
sizes.
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Cell voltage of anode-supported cells at fixed current densities tested in synthetic reformate at
low, 5% (control), and high, 80-90%, fuel utilizations.
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(25-45% H,0)  However, impedance spectroscopy analysis discriminated
* Changes in electrodic resistance were mostly observed for cells d Ni coarsening mechanism is a “hybrid” between particle coalescence and more rapid changes in polarization losses of anodes operated
operated with >~40% fuel humidity and were insignificant for cells Ostwald ripening at el_evated humidity aftef > 2,000 hours. | |
tested at lower fuel humidity, indicating that such changes were d Surface complex formation in high steam leads to enhanced mobility * Similar resu_lts were obtained using commercially available
related to Ni/YSZ anodes. O Migration as single complexes or clusters, not as particles cells from different manufacturers.
 Degradation was attributed to Ni particle growth in the active ad Approach shows promise for predicting long-term aging of SOFC anodes * Higher electrodic losses were attributed to Ni particle
anode, as also confirmed independently using Ni/YSZ coupons. 1 EXxpect accelerated anode aging at high pressure. coarsening in the active anode, as verified by SEM analysis.
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