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Effects of helium on grain boundary fracture of neutron-irradiated stainless steel
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Abstract Effects of helium (He) atoms accumulated due to transmutation reactions and He
bubbles formed on grain boundaries (GBs) for intergranular (IG) cracking of neutron-irradiated
stainless steel was studied for better understanding of the irradiation assisted stress corrosion
cracking (IASCC) mechanism. Fracture behavior of type 316 stainless steel which introduced He
bubbles on GBs through He implantations and heat treatments was investigated by micro tensile
tests conducted at room temperature. Brittle fracture occurred on GBs for specimens that
contained more than 1.2at%He and were hardened more than 4.6GPa (nanoindentation hardness)
and in which 2nm diameter He bubbles formed on GBs with less than 5nm of spacing; however no
apparent relationship between GB fracture and GB coverage by He bubbles was confirmed. When
the size and areal density of GB He bubbles were the same, fracture stress was lower for a
specimen with higher He concentration. It was revealed that He affects GB fracture by formation
of He bubbles and hardening of the matrix and segregation of He itself to the GBs. However, IG
cracking of stainless steel irradiated in a PWR could not explained by only the effects of He and He
bubbles, suggesting that hardening and other microstructural and microchemical changes on GBs
caused by neutron irradiation would affect IG cracking together with He and GB He bubbles.
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