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Role of Grain Boundary Diffusion of Vacancy on IGSCC Growth of
Non-Sensitized Stainless Steels in High Temperature Water
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Abstract Crack growth measurements were performed in high temperature water to
examine the potential dependence using cold rolled non-sensitized and sensitized Type316 (UNS
S31600) and Type304 (UNS S30400). The obtained major results are as follows:

(1) Sensitization suppresses IGSCC growth in significantly in low potential environments. This is
quite opposite with behavior in oxygenated water. This drastic change does occur near so called
critical potential. (2) On the other hands, crack growth rate of non-sensitized stainless steels
decreases with decreasing potential. Judging from the potential dependence and similar temperature
dependence, common IGSCC growth mechanism seems to be considered for non-sensitized stainless
steels regardless difference in potential in environments. Then detailed crack-tip analyses were
performing to consider the common IGSCC growth mechanism for non-sensitized CW316. (3)
Significant Ni enrichment and Fe depletion were observed at just ahead of IGSCC-tip which occurred
in PWR primary water. (4) Similar changes in grain boundary composition were also observed on
creep crack tip and IGSCC which occurred in oxygenated water. This suggests that grain boundary
diffusion does occur at the crack tip before crack advance under stress gradient. Furthermore, this
suggests that common reactions play an important role in crack growth process of creep and IGSCC
in low and high potential environments for non-sensitized CW316. Vacancy accumulation at the tip
due to grain boundary diffusion of vacancy under stress gradient and oxidation could be considered
as the major reactions. Based on the results, stress gradient induced vacancy diffusion model are
proposed as IGSCC growth model of non-sensitized stainless steels in high temperature water.

Keywords stainless steel, IGSCC, cold work, grain boundary diffusion creep, grain boundary vacancy
diffusion, PWR, BWR
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2. EKBRAEE
2.1 HEBRM#H

AEEA BHE PWRI IRRBR B DO X T > L A4
(Type3l6 B X OF Type304) TH 5. RAEA K

#£1 REBHEOLFES (wt. %)

C Si Mn P S Ni Cr Mo Fe
Type3l6 | 0.047 | 0.045 1.42 0.024 | 0.001 | 11.00 | 16.45 2.07 Bal.
Type304 | 0.04 0.31 1.59 0.031 | 0.001 9.21 18.34 — Bal.
F2 K OB
A Sl i TR 0.2%IMi )7 | FlEMRES flor IS
(%) (MPa) (MPa) (%) Hv (1kg)
0 246 576 75 141
. Type 316 20 625 722 40 270
50 882 1016 17 —
Type 304 20 579 707 44 270
0* 156 453 42 —
. Type 316 20 572 607 10 —
320C 50* 753 857 9 —
Type 304 20 498 564 16 —
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& MAIROBERE SHOBERPETLIZEE
Zbhb, BIZNIRILOKERDO—> L LTHhmT
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OBIFEALE 2 SN b, mCHEEHh O H0 B X
UM% L BIL LS\ Fe B & U Cr 2%k L BT oe o
WCETD, fifke LTI EmISIEAZINS. —
AL LIZ < v NiZERIL D BRE) )1 (bR 7 >
¥ VAR DN E W7z OISR A T
BESENT A EN—DD TR LTELD
Na. ATiZ LT Lo RO VERICIZ 4 B IR
THOAT ¥ L AT Ni B & U Fe DR FILHARE
DPER &% WD &3 5 RN LETH 5.

34 IGSCCHLELEBAH=ZX LA

W C OYLHC TR B A FC LA O BRE) ) TR B
LBG L L CHMARZBE L L TREIT 5 EX
KEIAIL S MSNTWD., —F, BEARNILERO#EE
HEUALOBREN T & LU RE A B K 3 5 2k
B2 Zr & OKFEZRD &5 HWFFEHI 2~ 69 Hs
HbH. FFEULL Zr &P ORI T 5
e oIn AR R BB ) & L 2P o ek b Al
LENTw5S., LaLMhodadd, KEEW)ET
PEONSVRARFEFICOWTHESFTH Y, K
TPREOREVEREEFI2OWT, REAR DS
DYLHERE) ) % FEERIIR L7 S BB $ TR
Bzb%wv. SHIRFHEHICEH L TOZ oMo
el v, WEICE L, 200 T ok L
BB ) & U Clmi il EL L OIS0 03
HBIETEHI DD, TEDNFEHET OB LA ER
BHo—o L LTEZ SIS, HeringUo ki R 2211
DALFER T ¥ ¥ v WHBIR ) OB % 2 1F (13) N T
SNBHIEEREL TS,

u=puo— o 2 (13)

ZZT u KR TORILOAERT VT v,
o LInH, Q: Z2fLIRRE

C ORFNIILEAMER T ¥ ¥ v VA B % BRE) )
ELTHETTEEV)IERIID EO L, REAR
ZERE L LCREIT 2 WEBENIMN RIS AR %
EREy ) & U C ALK i 2 W RS 5 Z &
ZRBLTWAS, LaL, ZoMaEEmICIZ
B2 L OPTHIHENESDTIEHSHH, L
F & LCiE 50 DL DL A & BUE £ TR RLHD SIS
TRET TS % 2 & & FEBRIICHEE L 72851
W BIENCEL LIS AR T ToORBTH 5 CT
BT CRFE ) = TAME S NS & 2R FEER
RERE, LN FILEIS I ABR T CTh#E S5 2

xR L THB Y, Herring DARFEAIE L WA HENE:
ERBLTVS, ZOZENSIBTABT TIBlIo
EWEBUE S S\ VI R L 2D ) I TiE
HER ORI 2L IR L, SIS T o 24l
BEEEDBN UKL TR 501 AT S &2 ol Rp it &
B L ORISR DI Ui AR A 4 s T 25 w5 i
A & ik LS AT % IGSCC J84: - I X 4 =
AANEZOND. ZOETNIIH ETLIHEFD
TEHERE (13)RUTRT. X»oB@EIhs L9
2, TEORE R 2 R RIERR I X ) &
FLIEEIMEE N 2 L 2R LTBY, WE LA
IORRAXHOFAEBIOERIMESI L Z L%
MRLTW5,

0Ci/0t=D(8*Ci/0x*+ (2/RT) (Ci0%0/0x?))

(14)
Ci : Wi N Fe, Cr, Ni, Mo 3 X U2 fLigsE
R |
Di - WE i OR TR
x 0 ZEENED S O
R : A RAEHK

FoET 5O 3 WITHBEMANT 4 ClL, W
B LRI RBE ORI & 2 &2 hm ToRT)
BRARELS LB I EEZHRELTBY, ORI
& BILR FILECE T VAT A AT & IEBLBIE R 7
Y VA D IGSCC & ZL3ME i 33 B A3 [ TC sk &
N B FBREIE & R FHLHAR O AL = 2 OV F L H
LD TEEARATE % 7R 3 B R & B PRI F I L
IHDDTHA. T IVOBGEEIIE S HRFIL AR
¥ EHBEMEME oW R I Z, T VEREIEE
WIRAT & DM ERE 2 R AL TH B

4. #E

(1) @& U7 I8t 316 8 o BiA K
IGSCC & FE 1 13 9 B +Li ik &
KREZEIBHEINT, ZHOBR+LIRNMOE
BIIRDO LN,

(2) BABRSECIKFEREZ LRI T S 79k
Bififb 316 > IGSCC i Ji W 1K & 70 o2
ZH 270,

(3) BABRECTHMAL A 7 > L A3 K FE IR 12
53 EEAL 7 IGSCC M I3 Bgt s g, ik
(& IGSCC B IHHIZN R A2 /RT. T oI
BMNOBWERETTORE L& K TH 5.



(4) WRMIIESBEAL A T > L 2D IGSCC 7
W IZEMOBET LN B, — T8k
fEA 7 L A IGSCC A J 3 B 13 il AL
EHEUTTRESELT S, 22 &I3giBIt
A7 v L ASD IGSCC 7 JE R A3 FL B A
BETRELSLBIATHIEZRBL TS,

(5) MFIEH 7 ) — 7 & ZL0 TR Ni B o3
i, Fe BL O Crig KT 3 5 MRS
¥ 1lumlZbz DRI NS,

(6) KFFIMDO PWRI JABHEBREE T CHEfE L 72
IGSCC %e¥ii TR Ni #EEAHIN L Fe i
K F 9 % BRALAS 200 ~ 300nm (272 V) fEFE S
N5, ZOMEMIZEMOE VIR CTHEL
IGSCC THHIZg s D, BOZEIHS T I
BBAL A 7 >~ L 28 O IGSCC X ¥t T
HERLTWVWLIEIRIBENS.

(7) BALIHT® IGSCC J&i O R S AH R D24 % 7R $
BLEEAE R 13 IGSCC - 1R S HEHAs B 5 L C
WHZEERLTWA. TR RMKZE
ALARFILR 2 ) — T T Blgsni-2 &
A5, IGSCC MR IITR FILIL 7 V) — T H3E
BB EE R L TWSEIEERLTWVA.

(8) MAES (Fe, Cr, Ni) ORFILELEEATFL T
2L & AR IR E) LN R S RO Y RS
% C & AR I A R A BREY ) &3 5 %2
LR FIHAEGE L TwEDEEZON
5.

(9) HBoNREEE L LB FREUR RILEIC
B L3RR To IGSCC #lEE 7N % %
2ZL7.

WD BITIZH 72 o TH EFR L idkam & THIROIRME
Z®W\72 Roger W. Staehle #UZIE#M UL 3. F
7o EBRDOBITIIN 72 - TUIHET T~ MNHROF 124
B, PREFASRKOSHN 22 T Lz 22
WKL T ERLET.
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