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Insitu observation of void swelling behavior in SUS316L steel under
electron beam irradiation
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Abstract: Void swelling in austenitic stainless steel degrades the properties of materials used in reactors due to
the accumulation behavior of radiation—introduced excess vacancies, which brings a serious threat to the safety
of reactor. In this paper, electron beam irradiations were conducted by high voltage electron microscope in a
temperatures range of 300 ~500 °C, and insitu observation of the void evolution was carried out during
irradiations. Void distributions were observed and void sizes were measured using transmission electron
microscope after irradiations. The differences among the void evolution under different irradiation temperatures
were investigated. The results show that large amounts of point defect clusters, loops, and voids can be observed
under electron beam irradiations of different temperatures. Voids formed at 450 “Cand 500 °C are the largest,
with a size of 13.3 nm and 14.5 nm, respectively. As the irradiation temperature increases, the diffusion of excess
vacancies is enhanced, which leads to the enlargement of void size. These results are expected to provide a
reference for forecasting the void swelling in austenitic stainless steel under different irradiation temperatures.
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Table 1 Chemical composition of SUS316L austenitic stainless steel /(mass fraction, %)

JLH C Si Mn p S Ni Cr Mo A% Al N Fe
ot 0.013 0.20 1.28 0.024  0.001 0 13.32 17.24 2.04 0.04 0.014  0.039 6 A
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Fig. 1 Micrographs of irradiated area under electron irradiation at 500 °C

B2 500 CHFREBEMUERER
Fig. 2 Loops formed after electron irradiation at 500 °C
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Fig. 3 Void evolution under electron irradiation at 500 °C
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Fig. 4 Void evolution under electron irradiation at 450 °C
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Fig. 5 Void evolution under electron irradiation at 400 °C
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Fig. 6 Void evolution under electron irradiation at 350 °C
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Fig. 7 Void evolution under electron irradiation at 300 °C
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Fig. 8 Void micrographs after 30 min electron irradiation at different temperatures
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