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Effects of Material Property Changes on Irradiation Assisted Stress Corrosion Cracking
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Abstract Irradiation assisted stress corrosion cracking (IASCC) susceptibility and radiation-induced
material changes in microstructure and microchemistry under pressurized water reactor (PWR) environment
were examined on irradiated stainless steels (SSs), post-irradiation annealed SSs and post-irradiation
deformed SS. The yield stress and grain boundary segregation were considerably high in SSs highly
irradiated to 1-8x102°n/m? (E>0.1MeV) in PWR at 290-320C, resulting in a high IASCC susceptibility.
Following post-irradiation annealing of highly irradiated SSs, IASCC susceptibility showed significant
recovery from 89% (as-irradiated) to 8% (550°C) of %IGSCC, while the hardness recovered from Hv375
(400C) to Hv315 (550°C). Apparent recovery of segregation at grain boundaries was not observed. The
SSs irradiated to 5.3x10%4n/m? (E>1MeV) in the Japan Materials Testing Reactor JMTR) at <400°C, which
had grain boundary segregation and low hardness, showed no IASCC susceptibility. Due to post-irradiation
deforming for JMTR irradiated SS, the hardness increased but IASCC did not occur. These results
suggested that the hardening would be a key factor for IASCC initiation under PWR hydrogenated water
and that a yield stress threshold for IASCC initiation under slow strain rate tensile (SSRT) testing would be
about 600MPa.
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EE C Si Mn P S Ni Cr Mo Fe
PWR FR G471 316CW | 0.04 0.62 1.63 0.022 0.006 12.61 16.94 2.22 | Balance
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400 R 59.32 13.48 23.28 2.84 0.02 1.06

TRAT &= -7.51 -5.27 11.64 2.33 0.02 -1.22

450 AL 60.92 14.02 21.64 2.50 0.01 0.91
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400 2.1 508 1.9 63 0
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FridE L Tw 328, mifbid/hs {, TIASCCREEAE
IRE Lo,

(4) BEARIB ) B & UKL Crift BE L TIASCCRE S PE D AH
Mo, BHEKEZ G HLPWRAKREE CIIMALD
TIASCCEEANTN L THRE L EINTH 1), SSRTHER
TOIASCCHANIXS T A BRI O L & W EIZH
600MPaTHh % L LR EN 5.

RIFFE O KBRS 7272 & F L 72 H AR
BZE (BR) DRIFRZE DT 4 IZEHORE LKL T,



152

3R

(1) P.Scott, Journal of Nuclear Materials, 211 (1994),
p.101.

(2) G.S.Was, S.M.Bruemmer, Journal of Nuclear Materials,
216 (1994), p.326.

(3) H.M.Chung, W.E.Ruther, J.E.Saneki, A.Hins,
N.L.Zaluzec, T.F.Kassner, Journal of Nuclear
Materials, 239 (1996), p.61.

(4) S.M.Bruemmer, P.M.Scott,
P.L.Andresen, G.S.Was, J.L.Nelson, Journal of Nuclear
Materials, 274 (1999), p.299.

(5) 1.Suzuki, M.Koyama, H.Kanasaki, H.Mimaki,
M.Akiyama, T.Okubo, Y.Mishima, T.R.Mager, Proc. of
Sth International Conference on Nuclear Engineering,
Vol.5 (1996), p.205.

(6) G.Furutani, N.Nakajima, T.Konishi, M.Kodama,
Journal of Nuclear Materials, 288 (2001), p.179.

(7) K.Fukuya, K.Fujii, M.Nakano, N.Nakajima,
M.Kodama, Proc. of 10th Int. Symp. on Environmental

E.P.Simonen,

Degradation of Materials in Nuclear Power Systems-
Water Reactors, NACE, 2001.

(8) i<y N, fREHEE], I, hREEME, HH
JC, Journal of the Institute of Nuclear Safety System,
Vol.8 2001, p.134—142.

(9) M.Kodama, K.Fukuya, H.Kayano, ASTM STP1175,
1993, p.889.

10 KEF K, HMZER], @k, BEARE, T
g, MEEHR, WHHE, KEE, BREFDFS
5, 42 (3], 212 (2000).

(1)) J.F.Williams, P.Spellward, J.Walmsley, T.R.Mager,
M.Koyama, H.Mimaki, I.Suzuki, Proc. of 8 th Int.
Symp. Environmental Degradation of Materials in
Nuclear Power Systems-Water Reactors, ANS, 1997,
p.725.

(12) K.Fukuya, S.Shima, K.Nakata, S.Kasahara, A.J.Jacobs,
G.P.Wozadlo, S.Suzuki, M.Kitamura, Proc. of 6 th Int.
Symp. Environmental Degradation of Materials in
Nuclear Power Systems-Water Reactors, TMS, 1993,
p.565.

(13 M.Kodama, S.Nishimura, Y.Tanaka, S.Suzuki,
K.Fukuya. S.Shima, K.Nakata, T.Kato, Proc. of 8th
Int. Symp. Environmental Degradation of Materials in
Nuclear Power Systems-Water Reactors, ANS, 1997,
p.831.

(14 A.J.Jacobs, G.P.Wozadlo, K.Nakata, T.Yoshida,
[.Masaoka, Proc. of 3 rd Int. Symp. Environmental
Degradation of Materials in Nuclear Power Systems-
Water Reactors, PA, 1988, p.673.

(15 Y.Kaneshima, N.Totsuka, T.Yamada, N.Nakajima,
K.Negishi, Proc. of 10th Int. Symp. on Environmental
Degradation of Materials in Nuclear Power Systems-
Water Reactors, NACE, 2001.



