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Effects of Helium on Grain Boundary Fracture of Neutron-irradiated Stainless Steel, (II)
- Synergistic Effects with Radiation-induced Segregation —
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Abstract Synergistic effects of helium (He) production, formation of grain boundary (GB)
cavities and radiation-induced segregation (RIS)through neutron irradiation on GB strength
and fracture behavior of stainless steel have been investigated for better understanding of the
irradiation assisted stress corrosion cracking (IASCC) mechanism. Strength and fracture mode for
GBs of a model alloy that represented the GB composition of a neutron-irradiated stainless steel
as the bulk composition were investigated by micro tensile tests conducted at room temperature
after He ion irradiation at room temperature to more than 1.2at% of He concentration. 1 to 2 nm
diameter He bubbles were formed on GBs with an average areal density of 3x10'° /m? and the
matrix was hardened to more than 4.8 GPa(nanoindentation hardness) by the ion irradiation. The
micro tensile test specimens fractured at their GBs. The intergranular (IG)fraction was higher
and fracture stress was lower for a specimen with higher He concentration; the distribution of
GB He bubbles was not changed but hardness was larger for the specimen. The GB strength
might be weakened by He segregation to the GB in addition to formation of GB He bubbles for
the specimen with higher He concentration. The model alloy had a higher IG fraction than type
316 stainless steel (316SS) used in a previous study, but fracture stress was not. Higher hardness
and smaller GB He bubbles of the model alloy than 316SS would promote GB fractures of the
model alloy. It was concluded that the synergy of He effects and RIS would not decrease GB
strength of neutron-irradiated stainless steel much compared with the He effect alone, whereas
IG cracking of the steel might be promoted more by reducing the size of GB cavities.

Keywords TASCC, intergranular cracking, stainless steel, helium, radiation-induced segregation,
micro tensile test
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