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Y2Ti207 and Y2TiOS5 are two primary precipitate phases in nano-structured ferritic alloys (NFAs). We report a
first-principles study on the selective trapping of helium in nano-size oxides in NFAs. Calculation results suggest that
(1) compared to vacancy sites in the iron matrix, the radiation induced helium prefers the octa-interstitial sites in
Y2Ti207 and the the b-axis open-channel of Y2TiOS5. (2) The He-He interaction in Y2Ti207 is essentially repulsive.
Helium dispersion would largely depend on the number and dispersion of oxide particles in NFAs. (3) Charge transfer
occurs only between helium and neighboring oxygen anions, suggesting the generality of trapping helium in oxides.
(4) Helium segregation to the Fe/Y2Ti207 interface may sensitively depend on the size of oxide particles. These
fundamental results provide profound new insights into the behavior and management of helium in NFAs, including:
(1) helium is first deeply trapped in oxides and their interfaces; (2) energy of helium is lower in bubbles than in the
oxide when the bubbles are above a critical size; (3) bubbles nucleate at the interfaces and grow by bleeding of helium
from the oxides and a continued flux from the matrix; (4) the size of the bubble correlates with the size of the oxide
and its helium content; (5) bubbles can remain small in the case of a fine distribution of nm-scale oxides, effectively
managing helium by storing it at high pressure; (6) a corollary is that larger-sized oxides form larger-sized, lower
pressure bubbles that may be harmful, for example, by serving as formation sites for growing voids. All these results
are incorporated in a microstructure-based multiscale, thermo-kinetic model of helium transport, fate, and
consequences.
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