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SCC Growth Behavior of Welds and Cast of Stainless Steels
in Oxygenated High-Temperature Water
- Influence of Water Chemistry and Test Temperature -
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FORER, 316L & 308LEHES)E Tix, 320C D 8ppm DMFR 2 &L HEABMERET T, 2900B
(DO) KETHE#E (DO) KE XY b SCCHEREBEIHEM A SN, KEIZ LY SCCHEEH
ZALT B AT RE AR S L7z, 290C @ 2900B (DO) /KB @ SCC e B  1x, 3207C o [l — 54
XD HSCCHEBEREIIEL 20, OB CIXIREDOETIZX ) SCCIEIH X 5 fHmHs
& 7.
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Abstract The pressurized water reactor (PWR) primary water is normally controlled at a low
corrosion potential by hydrogen injection into the water. But primary water with a high corrosion
potential exists outside the pressure boundary, because there are lines filled with aerated water.
To evaluate the stress corrosion cracking (SCC)risk in such high corrosion potential conditions in
PWR plants, water chemistry should also be considered because the B and Li concentrations in
the water depend on its location in the plants. In this study, the SCC growth behaviors of welds
and cast stainless steels were investigated in oxygenated high-temperature water using 2900B
water as an example in the safety injection system line water. The temperature dependence
on SCC was also investigated at 320C and 290C. Then the influences of water chemistry on
SCC of the materials were evaluated by comparing the presented SCC growth behavior in the
standard (500ppm B + 2ppm Li) PWR primary water.

As a result, SCC growth rates of 316L and 308L welds in 2900B water were increased compared
to the rate in standard water at 320C. This suggested that the SCC growth behavior might be
affected by water chemistry factors such as B and Li concentrations. The SCC growth rates of
the materials at 290C were decreased compared to their rates at 320C. This suggested that the
SCC of the materials in 2900B water was suppressed by decreasing the temperature to 290C
from 320C.

Keywords stainless steel weld metals, stress corrosion cracking (SCC)in high-temperature water,
SCC growth rate, corrosion potential, pressurized water reactor
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1. IC®IC

ERAKRTO AT v L A4 O SCCH
Bl & LC, WhEKRE T 5B (boiling water
reactor, BWR) O FHEERELE T, HHLEE Tl
W T2 72 A5 » L AR ECFs e L7205/
B (stress corrosion cracking, SCC) »SiaA#HE
ERIIEL TV AREFASRESA TS V. 2
D, AT ¥V AR O SCCHE R A ) 12
M3 5058 ClE, BWROEH K (Normal water
chemistry, NWC) D X 9 ZEZE%2 &L 288C O
AT CA B % SCCHERDHE ShTwg @70,
INEAKRE T )15 T (pressurized water reactor,
PWR) IZBWVWTH, WO 7S5~ b TldFx v/ ¥ —
Y ViEEHR o RIS AE R (IGSCC)
Fpl N0 R, g2 AiE AR 1 WEEES L6 T O SCC
Fi) W ok, BAEBER & QMR TG
TEMEBRBEICBE I NS WREED D 5 EALAMFTE L
ZOEBRBMIHELZEEDNDL AT VL AH
DSCCHBNHHEEINTWGE WY ERoTT
Y MTIE, ZDX) RERFGH L& M 5 ARt A E
WHREINTWD. LaL, %1 REEEROsMIZ HE
L7258 Tld, Pl IEEEEARICEEREDO R Y
AR THORABHBROK Wz SNTBY, BHE
rEUEBERN A EET 2LEND BN H
5. BEOMZERRE 1 REERoMITlE, 850
T AR TIRWIREE A E S 528, ERE O
MDD Fry 7 70— L6121, i
EREAT AL —ANEZ NS,

COXH) ARy E (PEBERLT) L) F
L (VIBELi & 5ET) e EOMEENREL L KE DR
Br, BALAT Y L AMICOWT, BEEZELRE
K TR L2zt (20 Tk, 200 BLE
D E s, BELOLIEM (B: 0~1800ppm,
Li: 0 ~2ppm) OEEIIHKRERD LMY, 200C
Do milst Tl PWR & BWR ORI T
DIGSCCIEZMEICEIZ N LB HE IR TV 5.
F72, 200C LT ofim gt Tid, e A4 7 v
] % BidE L 7= Bif% £ 1500ppmB B 85 1 T 11X IGSCC
BzEEaH s hsEmdbREshTns Ih
ORI, BBALAT VL AT 5 DT,
AT v VASGEHERER AT L A O SCCIT
LT, 1 R&EGHMERAKOHP (500ppmB +
2ppmLi) T, WXz &L EBEEMSM O SCCH
Y X HHDOD, TOBMERERLIME R L
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KB DR % RIS L 72 Bl i 472 5
vy, FITAWZETIE, PWRTORATF » L A4
BRESBMBE AT v L AMOBEZ &L mi T
TGO SCCHEJE 2B T KE &g DR
HIZOWTHETL 7.

L BKEEMZOWTIE, 75 ¥ FREIIZX 5
THERR D05, AR TIZE 1 REEROMI (1 RkE
AN 57y — o4l O BEE, 2900ppmB T
Li O@IE 2 WARE (LR 2900B (DO) KE & I’F-5)
mEELT

FWEIIOWTE, BidoXHicFryTr a7
O — |2 & 0O 1 REGHM A 1 R
FEL, BEEFRORENER L, BmEIC X ) bk
T CIEN EAT 2622 Lz, FE Lo
HEEL, BUSZEICE AT 0L RADSH 57D ERED
WE LD DN e, F275 2 PRIAMICLD
Bea ThHAHIENBEEINS. T TARIIFETIE,
TP OMESRYE L CERERECTH LAY
ML ZEa—N FLZD320T & 290C % 3 5E L7-.

MRIZOWTIE, AT v L AMEHES)E O 316L
E308L L 15% D7 = T4 MiEEGT @ LHERD
SCSI4A g L7z, miElE, A7 v L AHRED
BEICHWORBMET, BBRZr— oD
MR LTINS, WEE, Rcr—2x7541
MHMIZ7 = 94 MHE &R, SEMROBIN TH
P 5.

BoNZERE, RS "7 OPWRO 1 KAl
M OREHEN) 72 K'E T dH 4 500ppmB & 2ppmLi % &
LK (DB, ¥ (DO) KEER) OF—%
EHEBEL, KEOREZRE LR EZ, WY
DT =5 HEDWET 5.

2. EEBRAE
21

AT YV AGERSRIE, TRO316LE L
308LAH B D @ Fe bk & H v, €& £ SUS316 &
SUS304 275 » L AV 2L, #EHK%
TIG (tungsten inert gas, TIG), H#B% W7 7 —
7 %% (shielded metal arc welding, SMAW) 12 X
HEREHM) CTEEL-b DL Lz, £LICHEEED
{bAHEDOFER (H & 0 7l) #R$. K1 0kEE)
WIS TIROIMBIZ RS, Mo Xk HI1Z, HHEICH
Teo CIBHAEICL 2L MIT L7720, %
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#1 A7 VL RAMEREROCFHEORER (wt.%)

C Si Mn P S Cr Ni Mo Fe
308L AR 0.032 0.35 145 0.024 0.002 19.53 9.79 - Bal.
316L A% 4R 0.024 042 156 0.025 0.002 19.26 1211 2.20 Bal.

#2 A7 VRAGHFMOMFEHRE (wt%)
C Si Mn P S Cr Ni Mo Fe
AT v L A
SCS14A (0=15%) 0.039 1.07 0.84 0.023 0.008 18.80 9.28 214 Bal.

PR GEICEE L72IREECTIT o 72, HEM o~ 7 oill
AR L CAET) WRT. SCCHERHEEEED I 7
AR ORER 21 (F) ISR, 1 (a) 308L
BEeE, M1 (b)36LEHERL, +—AT7F
A4 MHHIZT Y NI 4 VRO 7 = F 4 MDA
THMMERL, 2v%7 b7 Y3~ (compact
tension, CT) B o @ZMER T INL, BT v

FIA4 MHMEIZIZFA—E %2 X ) IR 7.
AT v b Ag L O F ik TEE L 72 SCS14A
T, 7274 PHESGHEZ 1% E L7z, K212
[ 50 DAL FHE % 7R3, 1K 2 1B U0 WA X
(fe k), wripmCEEsM 5 T) B R o~ 7 1l
fke CT 2B 2 (hyu) 2”3, SCCHE R
Z DG

7 oA OREB Z B 1 () 1R

2mm

(2, X2 (hge) o KEN WA 3 % & 9 12
10% ¥ BT (LLEE10%CW) 2Nz 72 b D & L7z,
CTRBRF &, &R ITmICH LT T-SHI TR
WL7Z2bD% M. SCCHEMHEBLED I 71
HMREOREB 2K 2 (F)IRT. F—AFF A b
WIZEIRD 7 =54 VDT ¥ 7 2040 5 ik
ZRELTWS. L7225 T, CTRER OBREER
Kk BR7 254 MioEFHmEE, STFLD
=3 bkdol.

V) £ i B AT 8 & A ‘\."
fa' 308 oD Vv sk A~ M
a R - \ 7 LY "-1 'y
k¥ Al e i In ; R
14 1 rral S N R R B L L
SN ¢ » \ A5 A, X i 45 X!
WAV WS RS NP9 At <l 4 ‘d
)j/, g Jof VXL QiR okl I o &
ALY . LV r{O3 NS : - / AT H

1 EHEBROIER, ~ 7 ok e BRI (5, I 7a#lik () (7Y FI4 & BIRK) Mk 7 =74 M)
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54/ E

F—RFF A48

10 mm

B2 aOSFERAT VL AGHHRE ORI (L), Uk
WML (F), <27 afifk (b)) & 3I7 oMl (6)

22 HBRAE

SCC BRI, 2900ppmB % il L 727K 2 FEAR
KEE L, BFERMGEM (8 ppm DO) THEHE L 72.
B, oMz v, BRI 1X320T & 290C
EL7 &TomESFMFEI—EmEEL L, ik
KARE D HAEfEIZ K=30MPay m & L7z, REREER]
(¥, #9500h & H2 & LCHEM L7, 135Nk,
PR "7 o SCCHER ML & i L, KEDOHEZ KR
L7 REE&Mo—EE, K" offbeab
T, £IITRLZ.

SCC # J 3B A T #%, SCCWr Il 81 %2 A 12 3mm
JEZTHIWr L, SEM®@%: w1 #i # J5 #ohL Inl
(electron back scattering diffraction, EBSD) il %
I2X Y, SCCHEMERERE 2 5Tl L 72.

RERF 2 RSP ST  BECRI L, 7Y v~

A 70 RX3—7BXOEREE TS (scanning
electron microscopy, SEM) THiRIHEZE L, I

ZHE & SCCHE B i & % 3P A L 72, SCCHE i ¥ 3
(&, BIEH IS5 ~ 10 JEHI L 2 o P L L7z,
SCC i J2 # £ CGR (mm/sec) 1%, SCCiff % &
a (mm) %REREFR (sec) THL TRD7Z.

#£3 HBEMHFO—5RE

ARSI L IKE MR SRR [

316L A& IR 502h

320C 308L i 4R 495h

EN i 2900ppmB+8ppmDO AT v L AR 495h
200 C 316L -@%ﬁzﬁ 497h

308L i 4IR 497h

316L B 531h

B 7 320C 500ppmB+2ppmLi+8ppmDO | 308L & H: 48 858h
AT VL A 673h

¥ A7 UL AL, OIS SCSI4A (0=15%) D 10%CW M & x5 & L7-.
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3. ERER
31 320COHOSCCERABRER

Xl 3 12320C T? SCC i Ji 3B % o SCC 1 Ifi 8
SRER AR Lz M (a)316L 4R, (b)308L
BRER, (AT v L ASHM (10%CW SCS14A #)
DAETT, HERSCCHEABIZE S N7z, SCCHt
BES SR 2SCCHERBEE %, By 7 o
320C CTofE#E (DO) KE TOMERL KL TIX 4
(2R L7z, 316L 3B X UF308L i 4 ls o SCC i i
JEi%, 2900B (DO) KE &M, H#E (DO) KE
ZeM 2 He R T SCC e J o BE A < 72 2 M 1) A3
N7z, 10%CW SCSI4A# T, 2900B (DO) KH
LiE#e (DO) KHET, DI %2 SCC I HEE ATk
BN TH o720, FTOEIDLINTH-7:.

X 512 316L A% 4% o SCC Wi B Z8 4 e 2 /R L
72. 3I6LEHAI/R TIE, SCCIEFEELTTFY I
4 MER (7294 M/ A —ATF A4 MHIOMEBE
W) RS LI EMER SN KRS W
735, 308LiAEH:4)E T b kD SCCHEEREEETH D,
316L A4 IR L 308L A H: 4| ¢, SCC eI AR
AEIIAD SN o7z,

62 AT » L A58 SCC W # 5k R % 7
L7z, A7 ¥ L AFHOSCCHERERM L, Wi
F—A7F 4 MINEERL, $/27254 M
/F—=ATF A MOMBERZEL L THEREL TV
7o, 7294 MR EET 5 X9 R NEIudBig
ENeho iz

Z o 34D SCCHEERIEIX, BHE (DO) KB
THISR S N7z SCCHklRRER "7 LFBkTH Y, SCC
HEREHEOBULTIE, KELEMICL2EIETRDS
Nihoi-.

(a) 316LIKIESR

(b) 308LEIES R

2mm

3 320C D SCC A J iR B o Bl I B354 24
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1.E-05

1.E-06 29008+0Li

2900B+0Li
500B+2Li*
5008+2Li* "
2900B+0Li
1.E-07 500B+2Li*
1E-08 I I
1E-09

6LIAHEERR  308LBHERR  RFULRBHE
(10%CW SCS14A)

SCCHERRERE, CGR(mm/s)

B4 3207C o R AN BK i o SCC A Jie i JE 12 ] 1Z
TREAORHE *  BEwE T »o51IH

K5 316L #4948 O EBSD 12 X 5 SCC I8 255 5

ﬂ:t—;/(-?—?-'fh(r)tﬂ

H: Iz ()4

SEM{& HOB+HIQR

6 A7 LA (10%CW SCSI4A) D EBSD 2 &
% SCC 2L 0 W AR R
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32 290COHOSCCERABRERE
AEREN

¥ 7 12290°C @ SCC i i ik Bk 2 > SCC il i 1 5%
R EIR L2 7 (@) 2R L72316LIE# 4R T
\3AH B 7% SCCHEEE D BIZE S L7zhs, 320C OB IS
HARTSCCHRBES -7, —H, H7 (b))
R U7z 308L s AR 121, A 7 SCC itk i 3 ik
ENnhhos. TOSCCHERERS A5 SCC R H
JERRD, 320C DFEHRE & IR IS LT
Fay b LEREZRSIIRT. B, K&k
HDBHLibEE R VWBWRONWC (288T, #ifiK,
300 ppb DO) @ 316L ¥ 42 J& o SCC i Ji ki i
IR L.

2900B (DO) KEHTHATF v L AMEBHER
D SCC i 4 1%, 3207 12 H_ T 290C TSCC ik
JE TR EE AR 122 < 72 o 72, 290°C @ 2900ppm B
(DO) KBSk »SCCHEIEH X, BWRDONWC
DSCCHEEHE L LD &, 25~ 465 H ViR &
otz WH RSN KESEMEILERT S L,
T 1Z290C & 288°C TITIZME LT, IS KRR
bMiE L HHK =30 MPay mThHo7z. BEEREH
138 ppm & 300 ppb THF LIZHEL 5%, BAEE
fin & LCid kA%, B, LilgEE, 2900 ppm B &
KT, SOREEMEDARPKRELEZLRD. L2ho
T, WMHEDSCCHIEME DL, KREAFMIZL D
LML IND.

(a) 316LIAIEER

(b) 308LiAHELR

SCC%iL

- 77t

K7  290C D SCC e fre it o w2

4, F =

AR L2EHE, Shxg e L72320C0
2900B (DO) KE&MFoiRERTIE, 320CE# (DO)
IR O REGAEFN LR T, SCCHEJE ML %
LA SN, TOBERIZOWT, EiEaz
BBl TERL.

X O | il I BT T K E OB OBIEHE
FaEI/RL7 2900B (DO) KEEMTIE, 725
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1E-05 320°C  290°C
’ —0-316L/5 %2R (29008(D0)7K &)
- A-308Li5 %% /R (29008(D0) /K H)
O 316LiEERE (low ferrite) BWR NWC*
Q) O 316LiBIEER (high ferrite) BWR NWC*
£1.E-06 ®
£ A
& L
(W) \ '®
MLE 07 g )
) (@)
[ <
)
o l.E-08
O ;
wv
1.E-09 ' —— '
0.00155 0.00165 0.00175 0.00185

AERRE, 1/7 (K2

B8 SCC e # I 12 M\ E 3 il i
*3CHE @ 2581

A MH, A—=ZAT7F A4 MHE DT, FURIZERLR
AL cE b, MBEREHELE» 5 b, WA
HAHREOAIBRIN o7 (K9 (@) —F
T, HEi# (DO) KETIX, 7xI4 M EORIR
AL DA, F—AF7F 4 MMIELY L L, W
HESEHERE,PSD 7254 MHPELEWICHEAEL
THY, BEEaBEcERPpEshcns
(9 (h)). MEtehkofETiRs &, 2900B(DO)
KGN0 A5, ik (DO) KE X0 bIEERAL
BEA% {, ke LUREMEE SN2 LR
ZIFbh b, 2900B (DO) KE L, £# (DO) XK
BICHRDEpHE LTHUEMZ/RT I &R L
b DL INLD, WEEE)EIKEASEMOELR
&, SHBREFEMZRESLEES S wIThICE X
R OBMA, SCCHaREZ Mg L7z 0 &g
I,

SCCHEBEEPEICKITTREDOHEEX, ATV LA
WA BESE CTIIHBECH - 7205, AT v L AFHMT
I Tl o7z, RIS, TOFHICOWTER
T 5.

AT v L ASBHESEOSCCHERERRRIZ, K5
DEHITTYFIA MER BIbE7254 M/
T =27+ A MHIOHER ThH -7z, A7V LA
T, M6DEHIH—AFF A4 MHIRANE 7 =
A4 M/ —=ATF A4 MHOMBER T SCCA%EE
LTEBY, ZOMOMETIZ, REWIZT=TF1 b
M/ d—= AT A4 MEAOHER 2, BEEREET
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HhHEEZONL. —HT, 7274 MORHNE
W, A7y LV ASGHESR, A7 v LV ASHLE
HITBIgRINY, 7951 MIBAKDOHFLEE, SCC
EREOHEERLEEZZ 5N 5.

A7 v VASBHERE AT v L ASHIZ, £
L5L5F—ATF 4 FRAT VL ASITH LD, Wi
EEENE, BEESEESNEET S0, —
EBEDT7 =74 MZEGEL LI BIETIES DD
DMETHL. LarL, MEBETT T4 MIDOHH
KRB IILENDSDH L. AT ¥ L AMERSR
TRTYFIA T+ (BR) Ko7 =74 MEIEH—
AT A MAMIZIELS AL, o7 =54 Mi
DIEZ1 I 70 YU ToMNb DAL \w. $72, 7
YR 4 MRk N, EEEEOGEIJTINIC
PoTHEETLINOT, 7254 MIOEFTHND
[ — i > Wimhd 5. —hHT, A7 v L R
o774 ML —BICTAT R (B KeE
BEIN, ZoXRI3EIKIZz7arydby, 7415 F
RO T 2L RS, Ok EL 725
&, B O S NEZ 2> THHER DT
FEAR SRR X, AR 5 A H S B 5. 72720,
ZOWEICHEET S 7 =54 MIOET I
)5 > N i CHAid AN H 5.

AT vV AMBESRE T, K512 L72SCC
BAOKHBIZHEBVTY, BROKMET Y
FA MHAEBBLR—H LTz, ZNEFSvi
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25 &, SCCHEBENMBRIEZDT7 =514 M/
F— AT F A MAOMBIR A, SCCHERE Fm & 13
([ L7 % 720, SCCHEEAMEHE S 2 @iic
ol shs. —hHT, A7 YL AFHHOY;
#H1d, SCCHEERER L7 254 MHIABEA %)
M2 MW TWwWb, X6 127R L7z SCCRZE Kkl
BIERITBWTH, SCCREDHIME T =514 b
HMOEFHMILT LI —-FH L Twhh o7z, Ih
X, SCCEBEDOHELENTH L7 =714 MIDLF
T XD, SCCHMEJE HEE A I & A1 H %
EEZ2ONL. ULEOBEGHENS, A7V LA
W HSCCHERE M 1L, AUERFINE T T4
MOGARMDOENZ LD, AT v L AMBERER
WCHARTEL hoEZO5N5.

72721, B (DO) KEIZBWTIE, AT L
AgEE & AT v L AR o SCC A # B o
PP TIE R VWO T, K4 SCCHEBERMKE, B
BRI EOBBREPEICL TV ZEITED, K
BORBIZOWTHE LR MNP EENS.

1 W OIMI ORI, FEREORE X 0K
WIRETH L EPHEIND. RIFZEREL, S,
320°C 7> & 290°C o il J& i P ¢ 13 AR ) -© SCC it J
HEEDSE < 72 BB AF S, KR Tk SCC e
HEAEL B LB TREND. —FHT, $ilik
LA T L ASDIGSCC &2 250C T — 27 %
R ERWEShTwS P 0T, ERIELA

(a) 2900B (DO) AKHE %M

9  316L EHEEIE O EIE AR E I KT KED

(b) HE#e (DO) K 7

R (GampeEs, Empglg (k) CWmglis (%))



INSS JOURNAL Vol. 26 2019 NT-7

1€ R K T O SCCHEE) D B 7 B MEAEA LT H
5. T/, REGMOBER)Z ZRE L 72 SCCEE D
BR2EVEING.

5. £&8

AT vV AMEHSE (316L, 308L) & AT v
L 258 (10%CW SCS14A) DMEFEAsNeE Kk
DSCCHERZH %, 320C & 290C »2900B (DO)
KREGEMTHNS L L2, BHEoE%E (DO)
K’ (500ppmB + 2ppmLi) @ &5 H & b L T,
KEDWEIZOWTHR., ZOMBRIUTOLES
DTH5b.

(1) 316L, 308LiE#H & lm Ik N A 7 » L A & 4l
(10%CW SCS14A) &, 320C ®2900B (DO)
KEGMT, FH7aSCCHEEZR L7, 316L,
308L #H 42 )m o SCCHE S M 1%, 320T 12k~
T 290C TSCCHEEHBEAEL - 7.

(2) 316L, 308L iA# 4 )& T, 320C » 2900B (DO)
REGMT, i (DO) AKEIZH~RT, SCC
HEJEREE DS E D SN, AT v L A
# (10%CW SCS14A) THEMoM@ETH %
boo, WHKELZETIE R 7.

(3) 316L, 308L#EH:4 )8 SCCHEIEARIRIX, F &
LTF Y FF 4 MER (inter-dendrite, ID) %
MR L7z, A7 2 L A§H o SCCHE R 1L,
FLELTE—RATFHA MIKNET7 =T 4 M
/F—=ATFA MIOHBERZERL, 727
4 MoK AEINIBIE SN ol ThD
D SCCHEJERERKIL, ##E (DO) KE D SCCHE
AR L W U T, SCCHEERIEICKE DR
BRI N7

(4) 316L, 308LIEH&EIE DAY, A5 v L A8
(10%CW SCS14A) & b 3 SCC i Ji 75 3 v 5
MARD bz, ORI, AT L AHE
¥alE iy, SCCHEEHME, 774 M
/A —=ATF A MHOMBEROETFHIa L o
EDV—HT 57208 B W0 H 5B LELL
7z.

(5) 2900B (DO) KRE LMD EIEED T A,
# (DO) KRB XV XVEBAT HENIBIL
SN, MR CTHIRBEAERHICERIAELS
L RMR L OFEIRIEEEE ORI,
SCCHEEREIHELZDDLHEEING.
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6. #

RIF7E % BT HI2H 720, WERBEOEIC
H1zo T, WETIEEY AT LW5ET MEs
W—T LRI BEEIK, 0% K20 03H -
7o, Ty CHEERLEY
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