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Behavior of nuclear reactor materials at high damage levels investigated by
ion-irradiation and point defect reaction models
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High-energy neutrons introduce displacement damages and transmutation produced
impurity atoms (e.g. He atoms) in nuclear reactor materials. lIrradiation with Fe and He ions on
austenitic and martensitic steels to damage levels of 200 dpa and 20000 appm have been carried out to
investigate the effect of temperature on the damage level dependence of hardening and reduction of
toughness. Below 1000C, specimens exhibited hardening well below 0.1 dpa. However, the damage levels of
hardening increased with temperature to 1 dpa level at 4000C. He atoms also introduce additional
hardening with about <1000 appm and <10000appm for martensitic and austenitic steels, respectively. The
displacement damage level dependence of hardness of austenitic steels seems to be modeled by rate theory
with capture radius concept of dislocations for the point defects and small defect clusters. By using the
model, a method to estimate stress-strain relations as a function of damage level has been also

developed.
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