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Austenitic 316 stainless steel was irradiated with protons accelerated by an energy of 2 MeV at 360 °C, the
various defects induced by this proton irradiation were characterized with microscopic equipment. In our
observations irradiation defects such as dislocations and micro-voids were clearly revealed. The typical
irradiation defects observed differed according to depth, indicating the evolution of irradiation defects fol-
lows the characteristics of radiation damage profiles that depend on depth. Surface oxidation tests were
conducted under the simulated primary water conditions of a pressurized water reactor (PWR) to under-
stand the role irradiation defects play in surface oxidation behavior and also to investigate the resultant
irradiation assisted stress corrosion cracking (IASCC) susceptibility that occurs after exposure to PWR pri-
mary water. We found that Cr and Fe became depleted while Ni was enriched at the grain boundary
beneath the surface oxidation layer both in the non-irradiated and proton-irradiated specimens. However,
the degree of Cr/Fe depletion and Ni enrichment was much higher in the proton-irradiated sample than in
the non-irradiated one owing to radiation-induced segregation and the irradiation defects. The microstruc-
tural and microchemical changes induced by proton irradiation all appear to significantly increase the sus-
ceptibility of austenitic 316 stainless steel to IASCC.

Keywords: Austenitic 316 stainless steel, Proton irradiation, Irradiation Defects, Surface Oxidation, IASCC

1. M2 A 125 sl @A 1ASCCE 7l»4*~/\l74 ANE
s dot} [1,2]. IASCCE Als, 4
AR A0 12 W2 Aske dAkE Ui 2 A a3 A S doA “L"go = oﬂﬁ}
oA SARF Akl Q3] Wi R Aol lshe AN O FE [3-5], A AAe 24 A A F34
ZANT7] S 84-2) 7+ (irradiation-assisted stress corrosion b 7EA] WA HAYSE e =R o OLO‘/}
cracking, IASCC)°] A= 7HFedr7t S7Fe5 o S Aol ok AT Y W ofof] whE m]A|xA]

& A7t BAE gFEI Stk eaEHUelEA 316 WEE AR s dovlE Fo 99w dHT
SEIRIF A & AR, A B ARl or ] Qlvh mEbA, AR ARl ot wiMle] WEkE
a AR FTEE ARE g 2olal ok s d ATl o dFs 7, AR IASCCE B
ik AR TR 5 %—@X} AL A BB = AATIEAE olslls] g ) dd uiR e
AP AR Qlel] Z1A1A SAde] vk aL, dapseor ARl Adds StResp] fls) kAl etk

/Al elgk 2AF A3t IASCC AT 3

- " . /\1 64 ZA] 7~/\q =z

"Corresponding author: yslim@kaeri.re.kr Aol FAE 2ATL, g4F AR A
QA AYAL, 253 YA, B4 APy, Ve AT F A=S AR A AdE AE 55
AW MY AT, 2 Y144 Au)7h desieh w9, Age] Bew T4 21

158

pISSN 1598-6462 / eISSN 2288-6524
DOI: https://doi.org/10.14773/cst.2021.20.3.158



EFFECTS OF PROTON IRRADIATION ON THE MICROSTRUCTURE AND SURFACE OXIDATION CHARACTERISTICS OF TYPE

316 STAINLESS STEEL
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Fig. 1. Predicted displacements per atom (dpa) depending
on the irradiation depth for protons accelerated with an
energy of 2 MeV, by the Kinchin-Pease (or, quick
calculation) model with a displacement energy of 40 eV in
the SRIM code
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Fig. 3. TEM bright field images and related SADP showing (a) dislocation and (b) stacking fault morphologies taken from 316

stainless steel before proton irradiation
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Fig. 5. Behavior of micro-void formation in the proton-irradiated 316 stainless steel with radiation doses of (a) ~ 8 dpa and (b)

~12 dpa
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Fig. 8. STEM image of the surface oxidation layer in the non-irradiated region of 316 stainless steel, and EDS compositional

maps of O, Cr, Ni and Fe
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Fig. 9. (a) STEM image of the surface oxidation layer in the non-irradiated region of 316 stainless steel, and (b) compositional
variations of Cr, Fe and Ni obtained from a line profiling across a grain boundary denoted by EDS1 in (a)
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Fig. 10. STEM image of the surface oxidation layer in the proton-irradiated region of 316 stainless steel with a radiation dose

of 4 dpa, and EDS compositional maps of O, Cr, Ni and Fe
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Fig. 11. (a) STEM image of the surface oxidation layer in the proton-irradiated region of 316 stainless steel with a radiation
dose of 4 dpa, and (b) compositional variations of Cr, Fe and Ni obtained from a line profiling across a grain boundary denoted

by EDS2 in (a)
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