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Abstract
As an important option for clean energy, advanced nuclear fission and nuclear
fusion energy have received extensive attention nowadays and are under active
development. One of the grant challenges in continued utilization of nuclear energy
systems is to design radiation-tolerant structural materials. For this purpose,
understanding irradiation effects in materials at the electronic and atomic scale is
extremely important. By means of ab initio calculations based on density functional
theory (DFT), molecular dynamics (MD) simulations and kinetic Monte Carlo (KMC)
methods, the defect production, formation, migration, and clustering processes in
a variety of materials have been investigated. Specifically, this presentation will
show computer simulation results about radiation effects in low-dimensional
materials (graphene, carbon nanotube), ceramics (SiC, ZrO2 and MAX phase) and
metal alloys (pure Ni and high entropy alloys). Different simulation techniques are
concurrently or sequentially employed to shed light on defect dynamics in these
materials. The obtained results are compared with experiments and help to reveal
radiation damage mechanisms. These results elucidate driving mechanisms for
irradiation-induced damages in different materials and contribute to materials
design for improved radiation performances. At last, the application of computer
simulation in energy storage materials will also be discussed.
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