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Microstructure-based modeling of nuclear
materials in extreme conditions

Abstract

The reliable performance of materials in nuclear reactors is
critical for the safe and economic utilization of nuclear energy.
During operation, nuclear materials are subject to significant
degradation caused by the extreme reactor conditions, including
high temperature, stress, radiation and corrosive media. While
the degradation phenomena usually emerge at the engineering
scale, their cause originate from the atomic scale. The huge gaps
in time and length scales make it a grand challenge to uncover
the degradation mechanisms for predicting the degradation
rates. In this talk, a microstructure-based, multiscale modeling
approach will be presented for investigating the degradation
mechanisms. Coupled with materials theories and experiments,
this approach targets revealing the degradation mechanisms
based on microstructure evolution. The scientific understanding
will be integrated for predicting materials behaviors at the
engineering scale and for designing advanced materials for
improved performance. This approach will be demonstrated by a
few examples, including the formation of void/gas-bubble
superlattices in metals and alloys under irradiation, fracture in
oxide fuels, and hydrogen diffusion in Zr-based fuel cladding.
This approach is currently being applied for various nuclear fuels
and structural materials in both light water reactors and
advanced reactors.



