Cation Diffusion in Bulk Tetragonal ZrO, for Solid Oxide Fuel Cellis:
Effects of Defect Clusters and Hydrogen on Cation Transport
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Motivation

Cation diffusion directly or indirectly influences degradation of LSM/YSZ

Etect of nterdifusion Hu et al., APL 104, 213907 (2014)
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Defect Interactions in t-ZrO
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Migration barriers of various pathways
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Summary

. Ab initio charged defect analysis was performed for the defect energetics of t-2rO, under|
the SOFC operating conditions:
« Intrinsic E.y depend on chemical conditions
* Including H defects shiffs intrinsic E;emyi; Hz can also be cation transport carriers.
. Strong attractive interactions (1~2 eV) found for V; and Vg, (also V;, and Hy)
. Partial and full bound Schottky defect clusters significantly alter cation migration barriers
«1~2 eV difference in barriers among the Vy,, V-V, and V-V,-V, pathways
4. Both thermodynamic stability of transport defect complexes and the corresponding
barriers for cation migration are needed from atomistic modeling for resolving cationic
diffusivities
5. Modeled activation energies of D(Zr) in +-ZrO, and in YSZ are in the range of 6~8 eV
(Exp. 6.3-6.5 €V ilo, Defect. Diffus. Forum, 194-199 1039-44 (2001); Chokshi, Scripta Mater., 48[6] 791-96 (2003))
6. At presence of H defects
« Symmetry of migration energy landscape was broken due to interaction of H;;; and V;,
« Comparable migration barriers for the H trapping states (H;) vs. the dry condition
(however, attractive interaction between V;, and H;y may stabilize Hy, vs. V4 +H;y)
« Lower cation migration barriers when involving the H,,, untrapped states
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