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—Influence of Corrosion Potential, Weld Type, Thermal Aging, Cold-Work and Temperature—
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FEal (400C 1 J7HERD), @RINT (ETFH20%) OBIZOWTHE L, TNOH0REZ2 &0 THE
HEMOBEEZHET L2, AT, KEMERETICOW RGO W T O HET L 7.
FOMER, KFEZTIMU7AREMSMTiE, (D 8FE (316L & 308L), Zesh (< 400C T 1 )7k
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(400C < 1 Jj IR, @RI 0 & 20% & TL) T, FHi% SCCHERENBILEEINS. (5)316L &
308L L DR THE % SCCHERBEEDZEIF RSNz, (6) R (400C T 1 HIERY) 12X 5 SCC
HEREEEOELIERD SN, (7)20% DRI X D, SCC M #EE I Wi 1 EE 3 5.
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Abstract Recent studies on crack growth rate measurement in oxygenated high-

temperature pure water conditions, such as normal water chemistry in boiling water reactors ,
using compact tension type specimens have shown that weld stainless steels are susceptible to stress
corrosion cracking. However, to our knowledge, there is no crack growth data of weld stainless
steels in pressurized water reactor primary water.

The principal purpose of this study was to examine the SCC growth behavior of stainless steel
weld metals in simulated PWR primary water. A second objective was to examine the effect of (1)
corrosion potential, (2) thermal-aging, (3) Mo in alloy and (4) cold-working on SCC growth in
hydrogenated and oxygenated water environments at 320° C. In addition, the temperature
dependence of SCC growth in simulated PWR primary water was also studied.

The results were as follows: (1) No significant SCC growth was observed on all types of stainless
steel weld metals: as-welded, aged (400° C x 10 kh) 308L and 316L, in 2.7 ppm-hydrogenated
(low-potential) water at 320° C. (2) 20% cold-working markedly accelerated the SCC growth of
weld metals in high-potential water at 320° C, but no significant SCC growth was observed in the
hydrogenated water, even after 20% cold-working. (3) No significant SCC growth was observed on
stainless steel weld metals in low-potential water at 250° C and 340° C. Thus, stainless steel weld
metals have excellent SCC resistance in PWR primary water. On the other hand, (4)significant SCC
growth was observed on all types of stainless steel weld metals: as-weld, aged (400° C x 10 kh) and
20% cold-worked 308L and 316L, in 8 ppm-oxygenated (high-potential) water at 320° C. (5) No
large difference in SCC growth was observed between 316L (Mo) and 308L. (6) No large effect on
SCC growth was observed between before and after aging up to 400° C for 10 kh. (7) 20%
cold-working markedly accelerated the SCC growth of stainless steel weld metals.
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1. [UBIC

AT vV A4 E M O (stress corrosion
cracking, SCC) #EREFENIEET % L DWIZETI,
b 1 K B )R - % B AT (boiling water reactor,
BWR) o i % /K & (Normal water chemistry,
NWC) @ &9 EFELZRMLERAKP THER
SCCHEENMABRENTVEO~W  LaL, MEK
M7 1158t (pressurized water reactor, PWR)
O 1 IRGHMF BT FI2B 5D SCC # g7 — %
X, FELOMEOOZBREMEIN TRV, £
CTAHETIE, PWRLI KGHMBEE TICBIT 5 A
7 v LV AMEE SR O SCC #ERE) 25 2 &
rHMWE L7 £/, #ifd, 20ER) (400C x 1 )5k
), &I (cold-work, CW) ®DEIZDOWT
E L, Tho0XRE %2 &0 THRMOBEZRET L
7o. AT, REAMBREE T2 W TRIRBERAAE
DWTHRE L7z

WA D FBEIZOVWTIE, LLFo@NT3I6L &
308L AHEEIBICOWTHIER L7z, Sz FHEKE L
T5 X9 REEMEETICBI S SCCIZon T,
Mo Z &% 316 RAT » L ASHIE Mo % & 7\ 304
RAT Y LV AIIHAT, if SCC DT E T &A%
N5 D BKIFIZBT BEHEIFTIE, ZOMAT
YUVASIORE, HEBIXNTr—Y v IV EORBA
LR OV 3161, 308L R Hweh b 2 &
Mo, SORBL L CIomMELEE L
7o, BHEBLIT 7294 NEAROPEE KT
Lz, BEENYE (54 7B # (tungsten inert
gas, TIG) & ## 7 — 7 % # (shielded metal arc
welding, SMAW)), #ERF SRIUAZE (732 0) & &6
EHEBRRIED) 120w T — i L 72,

BN OB O W T, DU O TR RN
& 400C 1 TR RIM 2l L7z, 27 ¥ L A4
W, —RICEEROBRMEIN R o1
10%RED7 =74 MZELE. FEIZ7 =74
Mz &L AT 2 L AFHIE, B o4t L8
TREHMMEHENSEE, ZO7254 MR YE
=TV LBk 52 82X h, MO
WEESEMET 322 EBHMENTNE O 257 ¥
LVASEEBICBWTY, 63747274 MIH
WAL, Wb 2 EEEREIL2EZ D ) 5 2 AR

SN T2, Z ORI 20 7eHE R X
W, 7274 MMZ 102w L 5% AL AT L
A FEE, 400°C Ok EENNH SR T 1 J5 R o BIRER)
AR L, WHIERIK T 5000, 22T, #
Bl OB & L Cld, Z Ol SR 4 % %
E L7z

HHEM T oL LT, UTFoBETRNTH
& 20% CW M % Helig U7z, et ORFJE45 3 (12~ @D
UL, EREEAPICB L IESBILA T VL
A8 DR F TS G B (inter-granular stress
corrosion cracking, IGSCC) R E &, 5 L
BICEhmE s hs, 22T, REMVRET CHE
72 SCC HERE DR EINT WS 20% CW OF&M% 6%
MM LoRe UCRE L.

MEEDRE L LCiE, MEKEE-F ) 5 E i o fl
FREZZRE L, 250C, 320C, 340C oimEsM%
e L7

2. REFGE
21 HEH

A7 vV AMBEHESEIL o 316L B X
308L O E B E H Vv, FhF RN 316 (— &
SCSI14A) & 304 (—#F SCSI3A) X7 ¥ L A8Mic V
PEZENEL, TIGHEHED L WIZWERE TIG, Wi
a2 SMAW ICX 22 @) CTRAELZ- D 02 IR
FME L7 MLICHEEETROABIZRT. MO
91, BECH-> TRBEHAEICL 2L #
T 5720, B eI EE LR TIT - 72,
M OBERRE X O~ 7 0o R F£0 % X 2
R, BIGEABIOCIE WEE TIG Hhil)E
% SMAW TH# LT, % BIE4&T% TIG
BRLEZDOTHS. IHEOHWHTRLAZL IS,
oSG IR R WAL & () (TIG) & v [ &
(SMAW)) BLXU 7254 MEAHRICEDENE %
B3 572012, 6 HFHORIE THBH ZFRICL,
— RO B A (X B B O B BRI 0 725 400C T 1
T3 ) 0 BRI AL R % s L 72, 20% % BN T4 2o
WL, BISE A (TIG + SMAW) D573 THUE
L7z ikBR i 2 X 2 \OR L2 E S CHERE L, iy
& (SMAW) 75 il h % SR L 7z, SCC #E Ji&
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£1 BHEREBOFHEORES (hyur7—5) (wt.%)

C Si Mn P S Cr Ni Mo Fe
?g%ffﬁ 0.032 0.35 1.45 0.024 0.002 19.53 9.79 - Bal.
316L
AR 0.024 0.42 1.56 0.025 0.002 19.26 12.11 2.20 Bal.

1 RO

(a)BASEA
g TIG+ SMAW

RN 5 1)

3 B O I 7 o Rk OB
(BB (F FI4 ) 57254 MH)

WOl o 3 7 wER ORI Z X 3 1R, Kb

>mm ABER o SCCH#EFFIN, BTV K54 bhmE
ZIZFE—TdHh o 7.
()FHEB ()BHEC
TIG )8 TIG+ SMAW

22 HERAE

SCC R aErIE, 1 G EEK (500ppmB +
2ppmLi) # B AKE L L, KERMEME 2.7
ppmDH: (30cc-STP/kg-H-0 & [il%5)) B X O FR#%
wmmgt: (8ppmDO:) THEffi L7z, Th b EAEL
DIEIE, 320C THEML, AFERMEMEIZOWT
1, SCC 2By o i AR VE % WA % 72 0,
30CB LU 250CTHEML 72, ETOMESRMZ
X2 VEEERTIR & < 7 oo —EWEEL SRR BEfIZK =
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30MPa-m” & L 7.

SCC e alltt 1, #ERh & KA 7 slbik
THRHBAKL, TV VIA 7 uRT—TBIVE
R 7 B8 (scanning electron microscopy,
SEM) THimMBIZE L, MHERE L SCCHERES %
AP L7z, SCC sl 1, AE I 10 sEHN
LZOF#HEE Lz, SCCHEERE SR 254
1, EREFIROMEE KD, EH I EE I E
BELZEREL, F¥SCCHEREES L LA SCC
AR HE CGR (mm/sec) 1, kXD X9 12 SCC
HERES ¢ (mm) % lBRER ¢ (sec) TERL TR
7z.

CGR=a./t (1

B(a) mizEs 308L F
P

AERIREE
ERERHARS : 22~36 HHE]
X BNEESH 55 44-400°C X 10,000h

:320 C 500pme+2me| 8ppm DO,. K .30MPa m’

3. EBRRER

31 SCCERREEICRIFIEN, HIE,
A%, AEMIOEE

320C OEHZ RS BT 5 BH4E)E O SCC i
B 2K 4@ ~ @O IWKRY. $/2, HblAT
PH > 728050 % SEM B2 L7245 R 2 X 4 TBITRT.

4 (a) (I3HEZEE, (b) (e) 13 400C T 1 L
DOBEFR), (c) ()12 20% CW @ 308L & 316L ## 4
BThHb. HUhrbETORNIOERERED, AEL
SCCH#EZRLTWVA., 4 TRIRTEHIZ, #
OBMEREIETFICT Y FI 4 FEEF (inter-
dendrite, ID) #Z2 LTk Y, BWR &M THED
~WENRTWAHHIEREFRETH 72, K512,
AT v L AR O SCC MR 0K H %R
S BRI, 3161 EHM O & RER O T T B
LT (electron back scattering diffraction, EBSD)

(f) 20%CW 316L I .

(4 X PERRRBOUTIHERE (LB, B 7Yy LUvA s n2a—7)

(FE - SEMIZ X 2 9RBI% (BIShE B

DU XIS )

(JuA1Y 7% IDSCC %, ARFE R CR )
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4 251 & (FhK) HH5 B

B O.F:r  HAYT4=YT

5 SRWTHBIEHSROEN (B16L Hi% T ¥)

(a) AHEEFE 308L

FER

M)
‘;"_"l !

(b) 20%CW 308L

FEn

‘ R ———

| (€)20%CW 316L ——
‘ FER

S ERIR1E : 320°C. 500ppmB + 2pmLi, 2.7ppm DH,, K=30MPa*m'"2 2 mm

ERERHARS : 100~ 118 A RS
X BN 55 44-400°C X 10,000h

6 SERABRROBIBIEHE (R, TR: 7Y vvfruzxa—7)

WX DA TH B, MK -7z & 240
Ui & $ Kk L C EBSD i€ & % L, € @ SCC i
EARER 2 fERR L 7o, RO RN, A2 O i

R, MR, A A=Y 27F) T4y 7T, K
75 SCCIE7xI4 M/ F—ATF A4 bJRE% R
LTED, D BWREHTHEDO IR TWS
SCC SRR & Mk TH - 72

320C DAKFERMEM BT 5 EHER O & 25k R
B OREFZRK 6 1R T. K4 LRI, K6(a)
()3T £, (d)13 400C T 1 J7 5 [ o Bk 50,
(b) (e) 12 20% CW @ 308L & 316L A& ETH 5.
B 6(b) (e)ICHHNDE K IIZ, 20% CW M TId)HE
MICERERBALND DD, ETOLEMOEE
BT, AE% SCCHERMBIZEINE V. K612k
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REBIORR LTS, HHE T 5MC1E, 316L ¥
SRIZOVTIE 450 (% A oEE (TIG),
M (SMAW), Bt B o#EE (TIG), HHE
(TIG)), 308L A IFIZDOWTIZ 2 5 (B C
O WG (TIG), B A H 25 wix C o &b
(SMAW)) T SCC B x ML, A ™% SCC
RIS o7 R2IRLL)IC, &
BHELRMMEICLY) 72954 PIEGEHFED
T~15% T THRLZLH. ThoLETOLEMTHER
SCC #E @B SN T, IRE MBI FICZBIF5 SCC
HEREZEE)E, SRE (308L & 316L), Nk (TIG
ESMAW) BXU' 7254 bahE (7T~15%) 12
REING W, LWy REMES N

X 4B LU0 6 D SCC A 2 & Kebd 72 SCC
MERHEEZ, KEM MREETECELDE0
2R 7R, KHEEF (O, &) TRLUZBRERM
ZfhCid, 316L, 308L AH:&)E & b ICH E % SCC
HEEFE SN, 0 X2 EREEIE, 20% CW IZ X
DBFEICRE S NS, 400C T 1 R £ ToOE
#, B X O (316L & 308L) DEWIZ X 5 SCC
HRHEE OB SRR v, BET B X OB
o SCC el A X, KPRV LE (O) TRL
72 BWR ® NWC 4T ? SCC g ) VI T
HTHRVD, CNIERBRIRERKEAPR L D20k

1.E-05| 320°C, B:500ppm, Li:2ppm
OA:316L/308L weld (DO,,320°C) A
@ A :316L/308L weld (D0,,320°C)
1.E-06| O 316Lweld(300ppbDO,,288°CHIEIK) [ -~ (5=~~~
J X1
S o)
£ &g
2 {E0T e mmmm e A e L
" A
|
: I
B
)
S1E-08 oo O
wn
X3 K4 2
re-os N
BEFEE B 20%CW

(400°C X 10000h)
*1: Bk B FfEEB(TIG)
X2, BR% A FIBEB(TIG)
3. B4 C WIBER (TIG) & EER (SMAW)
4B A DYIEER(TIG) &R REER (SMAW) |
Bfi%c B DAIBER (TIG) & REER (TIG)
R ZREDEONE DX, SMAW

BI7 S ZGERAEE TS RN, AR
B 3 X O I T 52

s h, REWIKEZEIEZVIDOEEZ LN
5. —HT, Mk (@ A) TRLUZKERMSE
fETix, BFRMGHTMEDOZD b7z 20% CW
SMhaED, ETORMFTHESR SCC R IZBE X
Ny, BIERMEMHOBTHEREELL. YLD
RRP S AT VL AMEHEAR L, #3161 &
308L), I (TIG & SMAW), 7~15% 0 #ipH
D7 x4 Mg, 400C 1 HEhE TOBERE X
20% F TOHBMLICh2b 5T, Z0L) R
BB T TNz SCC H#EREMEZRT.

32 mEKEHE

HIEi £ T, A7 ¥ LRGSR D SCC HEEEH)
1, PWRI W& HIA BREE T2 B W TN 72T SCC
HWRMEZRTZ L% 320C THER L. 22T,
FERBHREZZEREL, 340CB XU 250CICBITA
SCC #REZBEZMAT . MB8ITRT LI I,
340C BRERIZ DWW TId 170 H I, 250TC ikBRICOW T
1 404 HE OB o SCC e iklk & it L7z, <
DFER, T OWE THE & SCC #REITA BlgEs
Nhhotz, GRMLLZAT YL 28O SCC R
DIRERGFEDNTIZT L = AR OB 2R 2 &
QeHREZLE, A7 UL AMBESROFEEHIC
DWTH 250C ~340C IR FEHPA CIIFR e 2B %
RTEIZEZEE. o T, KEMBRETOZOMH
FEHPAIZBWWT, AT v L ASGHSR BN 20
SCC RN ZRT Z L WfFIN 5.

(b) 308L jB¥EFE
S ERE E - 250°C

(a) 308L jB¥EFF
sAEREE - 340°C

SCC
(c) 316L jAtEEFE
= ER B E - 340°C

(d) 316L jB#EFFE
EAERIRE - 250°C —

SCCEREAL 2 mm
FAERIRLE : 500ppmB + 2pmLi, 2.7ppm DH,
K=30MPa-m'"?, ;AR EAR : 170~ 404 B

8 & UMk AR DRI B R



4, BE
41 SCCEBEEICRIFITHEIDHE

AR AN BT 2 IEFBAL R 7 > L A g SCC #E
JERERE L, SRR X DSz 02~e)
TAZ & Y SCC HERHEAHE S N5 H B L T
1%, Andresen & 163N TH o> SCC  J 38k & R4
M7= 55, ILRMREHIERZE <, SCC I
FE RO ELRET LAWK E BT
LHEDOHEEZLTWD. TOX) BRME DI A
SCC M AW BT 2 L v HifiE, fic
Speidel 5 13, Shoji 5 (17X Castano & 1875 &
HEENTBY, IMLASCC 2 ETLOEDDKRE
LRREEZONL. FEHLOMERRIIBNTD,
¥R TR % 28 2 72 SUS316 @ SCC sk ik, it
TIE BOHIBEAD %@, —fEICHt ) &S oficix
BOHEZEDH 20T, 2 TRELETOBEESED
fifl X & SCC e 3 D BtR 2 a3 5.

R2IEMBEMOBREBEOM I Z/RT. M
&, MR kRoi )L oM E RS 72912, fifE
lkg THlE L7 £ 5, 316L, 308L #A#H4E L b
12, 400C 1 WM OEERIC & h HV=30 E D
OWMARSN L, ZhiE, BECEY) 7254
MU L L 722 L ICRRT 2 b0 LHfigshs.
F72, 20% CW MTld, &dI2HV=120 FE DN X
O¥MASR SN, T UEE TS X A0 Tkl
E5b0LEz26N5. X912 SCC MEEABEIC KT
THIOEELRT. Kbl (O, &) TRLZHK
FWMEMTIE, 400C T 1 R o # B 12 X 5 Tl
LTI E L vy, 20% CW I & 1 TRk T
1 SCC HEME R IZ L 22 5. b (O) TRLE
B A M4t T SUS316 (T-S Jifir) @ SCC e
HEECO L X ORIME & HITH L & B EMAH S
M, WS B DI OBNAS SCC R o i ZE K
EEzbNhb. —HT, Mk (@ A) TRL7
KREBRMGEMEOF— % TlE, WXL MERICAHEELR
SCC A B SN, MRk LE (@) TR
L 72 R #FBIM ST o SUS316 (T-S Hfi) @ SCC

2 FWEMOBE HV(1)

wiEE T ) 20%CW
308L 214 245 339
316L 226 253 349
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HEJE A CONL, S ORIV E L o TED,
HV=270 #2% Ti& 107 mm/sec 2D SCC H#EJR % 75
. 2L, BEREEROLAIEX HV =350 THA
B SCCHEEDBIR I w., Tz kid,
Lo T, HMAB DO mmTICX 5
SCC M HEDOMHEEN A HHTE LV L 2R
TWwh,

CDOAT VLV AMEHSRY, KEMBEEET Tk
FENTCI SCC HEMEEZ R T O2E, BIRAHTH
%. BWR 12 B 1F % SCC it J& ik B 3 < 13,
Maruno 5@, 754 MIZETALF—ATF
A MHCEMOEMEZBIEL, $IITX )M
FTIEA—AT A MHPBELWICHERT 5 L 45
LTwb, AREICBWTY, BERMEHETD
SCC MHEREMIE 7 =54 b/ F—AFF 4 MHIBER
ThdI s, MEMBENRBIETE o7
FA MHIMT S 2D FE R LTV H O LIS
ENBD, THIZDOWTIISHRE L 5 REPLET
H5.

1.E-05 | 320°C, B:500ppm, Li:2ppm
< :SUS316(T-S) (DO, A
@ :SUS316(T-S) (DH,)?

1.E-06 OA:316L/308L weld (DO,) |- oo ]
_ @ A :316L/308L weld (DH,) O
g
~ e - D
E o =& 73
e A----- ‘) ———————————————————
i s “e
™ /
2 ‘
O &/
Q1E-08 [~~~ D R LR R

VR J
r'd
1.E-09 ‘ ‘ ‘
100 150 200 250 300 350 400
Evh—RESE, (HV(1ke)
9 EZLEREMEIC TS 0%

5. &8

AT YU ABEE GO 1 R HH B A T 0
SCC HER M Z MW, DT ORRH 157,

KREFEFMSEN (250C ~340C, 500ppmB + 2ppmlLi,
2.7ppm DH:)
(DARFERMGEN KEMEREET) Tk, A7 VLR
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o v B B L, 80 fE (308L, 316L), ¥ 4 ik
(TIG, SMAW), 7=54 hah® (7T~15%) B
OB (< 400C T 1 RIS 12 b S
¥, &< SCCH#ERIFBEI N,

(2)20% OEHIMLZMZTH, A& SCC MR X
BRI T, A7V LVAMBRESRE IR0 LS %
G BRBE T TN SCC %R

(3)250C, 340C TORERIZBWTH, A7 L A
BHESE LA R SCC#EREIBEINT, it
X9 RIEBEBMBRET T, 2 250C ~340C DLk
HPAICBWT, A7 v L AMEESEIZENm
SCCHEZRTZ eI NS.

4) 2D &) ENN SCC YA RTHEINT-& L
T, 7294 VP ShOBE 2RI L TS D
DEWRENLH, THIZOWTIIESRE R 5 A
HRLETH 5.

FEimingett (320C, 500ppmB + 2ppmLi, 8ppmDO:)

G)BFEHRMENn (HEMBRET) T, 316L,

308L #HH: 4R & D ICH B SCC i EBIE S
5.

(6) ¥ 408 316L & 308L MM, A 7% SCC #j#
HMED T\,

(7) B BF%h (< 400C T 1 HHERIEERD) 12 & % SCC
TEEHEDOZALIZFED LN\,

(8)20% DWHMLTIZ LY, LiLo X9 % mEABEE
TORT vV AGERESIR D SCC AR HEE X, B
FIIE S NG,

(9)SCC HiH X T » F I 4 PR (inter-
dendrite, ID) M %S L, %72 SCC #ERREKITE
A —AFFA b F—ZAFF 4 PRRBLIU7 =
G4 MNA—=AFFA FNRETH -7z

KIFTEZ BT 51 2H72Y, BEEABREFDOIENMIZ
HlzoTIE, W) By h#ay A7 0580 MF
FVv—=7 NERGRK PFRARK Si#ise Ao
SREWMNIDBD -7, ZoOREHY) THEELTRLE
N
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