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Experimental advances in hardening. embrittlement and
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Abstracty” Duting service, nuclear reactors contain numerous structural metals subjected to high-energy particle
irradiation under pre-stress conditions, while also potentially experiencing unpredictable impact loads. This led to
significant degradation in the mechanical properties of structural metals, including irradiation hardening,
irradiation embrittlement, irradiation swelling, irradiation creep and so on, thereby reducing reactor safety and
reliability. However, existing researches predominantly focused solely on the effects of either irradiation or impact
loading on metal mechanical properties and mechanisms. A few studies considered the degradation behaviors of
irradiated metals under dynamic loading, but the coupled effects of pre-stress—a typical reactor service
condition—were even more rarely considered. The current experimental research status regarding
hardening/embrittlement properties and micro-mechanisms of metals under the coupling effects of irradiation, pre-

stress, and impact loads were reviewed and summarized. It identified shortcomings and numerous challenges in
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current research, while proposing opinions and suggestions on key scientific issues requiring attention and critical
technological bottlenecks needing breakthroughs in subsequent studies. 1) the necessity and sufficiency of the
causal relationship between dislocation channel and irradiation-induced hardening and embrittlement mechanisms
requires thorough investigation. 2) the equivalent assessment method for dose rate in metals hardening and
embrittlement caused by different irradiation particle sources needs to strengthen. 3) the researches on hardening
and embrittlement mechanism of structural metals in nuclear reactors under pre-stress and neutron irradiation
conditions requires further exploration. 4) the impact performances of pre-stressed and neutron-irradiated metals
urgently requires initiation, meanwhile the safe and efficient experimental techniques for dynamic properties of
neutron-irradiated metals needs to immediate development. It is hoped to provide scientific basis and research
methodology for future investigation of the hardening/embrittlement properties and mechanism of metals under
irradiation- prestress conditions, as involved in major national projects such as nuclear reactor life extension and
the development of new advanced reactors.
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