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Characterization of fracture behavior of oxidized grain boundary
in neutron-irradiated stainless steel
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Abstract It is known that grain boundaries(GBs)in neutron-irradiated stainless steels are
preferentially oxidized in high temperature water; hence, the fracture behavior of oxidized GBs
was investigated by micro-tensile testing in the present study. The specimen fabricated with an
inner oxide layer containing an oxidized GB failed along the oxidized GB, whereas the specimen
with an inner oxide layer containing no oxidized GB failed along GBs of the oxide. The fracture
stress was 1700MPa for the no oxidized GB specimen and 1100MPa for the oxidized GB specimen.
It was found that the tensile strength of the oxidized GB was less than that of the inner oxide
layer. It was also found that the tensile strength of the oxidized GB was approximately one
third the tensile strength of the non-oxidized GB previously reported for neutron-irradiated
stainless steel. Considering the stress concentration on GBs due to deformation constraint in
polycrystalline material and dislocation channeling deformation, it was suggested that the
oxidized GBs would be cracked and irradiation assisted stress corrosion cracking(IASCC)
would occur when tensile stress is applied on neutron-irradiated stainless steels used in high
temperature water. Intergranular cracking propagation by repetition of further GB oxidation
and its fracture was thought as one of the initiation mechanisms of TASCC.

Keywords Irradiation assisted stress corrosion cracking, Neutron irradiation, Stainless steel,
Grain boundary oxidation, Micro-tensile testing
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