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Evaluate effect of coal gas impurities (As, Cl, P, Sb, Se) on Ni/YSZ , ——— YSZ
SOFC anode performance and predict SOFC stack life - —i | ’
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Coupon tests to determine penetration rate and nature of impurity/ U] | A L

Ni interactions

Post-test analyses by SEM/EDS, SEM/WDS, FIB/SEM, TEM, EBSD, e e () e (o T S
XPS, Auger spectroscopy, Tof-SIMS

Thermochemical modeling of Ni/impurity interactions in coal gas
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Ni/YSZ anode-supported cell after

600 h exposure to hydrogen Anode-supported cell performance during
containing 1 ppm Sb at 800°C. exposure to hydrogen containing Sb at 800-C.
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cells. All Ni was converted to NiP, during a IS associated with Ni, not Phosphorus and arsenic are proposed degradation mechanism. M, T g SR oy "EA L S Electrodic and ohmic resistances of anode-

test with 10 ppm PH,. with zirconia. completely captured within a ; ; ; supported and electrolyte-supported cells during
short distance from the gas inlet. exposure to hydrogen containing Sb at 800-C.

- Ni/YSZ anode of electrolyte - . : : :
|. Phosphorus and arsenic were found to interact strongly with nickel resulting in the formation of multiple second phases (Ni:As,, supported cell after 423 h exposure to 1. Antlmony interacts with nickel to form
' Ni;Sb, Ni:Sb,, and NiSb. Initial Ni passivation by Sb

Ni;; Asg, NisP, Ni:P,, Ni;,P:, Ni,P), depending on temperature, contaminant concentration, reaction time. Loss of electrical connectivity in the anode hydrogen containing 1 ppm Sb at _ aubn
support was the principal mode of cell failure, as nickel was converted to nickel arsenide or nickel phosphide that migrated to the surface to form large 800°C. Green is YSZ, red is Ni-Sb followed Dby loss of electrical connectivity in the
anode support are consistent with cell degradation

grains. Phosphorus and arsenic concentrations of ~10 parts per billion or less are estimated to result in acceptable rates of fuel cell degradation. SN‘?'ngO'U“O“ (<2 at% Sb), magenta is ) ;
i-Sb. observations.
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lIl. Sulfur and Selenium Nickel-sulfur and nickel-selenium interactions were found to be much weaker than those with
arsenic or phosphorus, and no second phases were detected in the temperature range 600-800°C when less than 10 ppm of the
contaminant was present. However, NiI/YSZ anode performance loss was substantial, with rapid increases in the area specific
resistance of 40-300% and decreases in power output of 10-70 %. Selenium poisoning was found to be similar to sulfur poisoning,
possibly affecting the rate of the electrochemical reaction by selenium atoms blocking the active sites at the triple-phase boundary.
Whereas cells recovered nearly completely from sulfur exposure within a few hundred hours, recovery from selenium exposure under
otherwise identical conditions was not full. At higher polarization losses, oscillatory behavior was observed, where cell performance
fell rapidly and then regained the activity. At even higher polarization losses irreversible cell failure occurred in the presence of as little
as 0.5-1 ppm of H,Se. Ni-Se phase was found at the anode-electrolyte interface.
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