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Microstructures and tensile properties of ferrite and austenite phases
in stainless steel welds used in PWRs
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Abstract Embrittlement behavior of austenitic stainless steel welds due to thermal aging and
neutron irradiation was investigated using two stainless steel welds obtained from pressurized
water reactors for the long-term aging condition; one was neutron-irradiated and the other
was unirradiated (representing thermal aging) Microstructure analysis conducted by atom
probe tomography and transmission electron microscopy showed that spinodal decomposition
and formation of Mn-Ni-Si clusters had occurred in the ferrite phase of both welds, and that
promotion of Mn-Ni-Si clustering and formation of radiation-induced defects such as dislocation
loops had occurred in the irradiated weld. For spinodal decomposition which is a dominant factor
for hardening, no apparent acceleration under neutron irradiation was identified. In the austenite
phase, formation of radiation-induced defects and Ni-Si clusters was confirmed in the irradiated
weld. Micro-tensile testing for both ferrite and austenite phases revealed that the irradiated
weld had higher yield and tensile strengths than the thermally aged weld for both phases. The
difference in yield strength between irradiated and thermally aged welds for the austenite phase
could be explained by the radiation-induced microstructure change using the Orowan model
which assumes specimen size effects on yield strength.

Keywords stainless steel weld, thermal aging, neutron irradiation, atom probe tomography,
micro-tensile testing
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