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Abstract

Yttrium hydride is a promising high-temperature neutron moderator for advanced microreactor applications,
yet its irradiation response at substoichiometric hydrogen concentrations remains insufficiently understood.
In this work, the microstructural evolution of YH1.58 under 2.5 MeV Fe2+ ion irradiation was systematically
investigated over a wide range of temperatures (50-465 °C) and doses (0.1 and 1.5 dpa), using transmission
electron microscopy (TEM), complemented by density functional theory (DFT) calculations. At 0.1 dpa, irra-
diation damage is dominated by defect clusters, with a clear temperature dependence: defect clusters increase
in size and decrease in density as temperature rises, and cavities become observable only at 465 “C. At 1.5
dpa, pronounced changes in damage morphology are observed, including microcrack formation at low tem-
peratures and band-shaped deformation structures at elevated temperatures. At 50 °C, open microcracks are
oxygen-enriched due to the formation of yttrium oxide (Y203), with DFT calculations indicating that crack
formation creates vacancy-assisted pathways that facilitate hydrogen migration towards crack surfaces, pro-
moting hydrogen desorption and subsequent oxygen incorporation. These findings provide new insights into
the coupled roles of temperature, irradiation dose, deformation, and chemical redistribution in the irradiation
response of yttrium hydride, which is crucial for its application in advanced nuclear reactors.
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