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SCC Growth Behavior of SUS630 in High-Temperature Water
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= JIS SUS630 (17-4PH) (&, <7 Y4 MRITHELE A7 > L ASTH Y, BIF200
FMEEERIEEZRRMRA TVDE I LS, BRFICBWT L EREIKD SN L HHBEITHS
NTW5B. LA LADS, mERESR (300~450T) TOEMHMOMIHICE Y, Bk v V¥ —
RO 72 EOBEFIIGALISEZ 52 Z &2 MbhTwa,. T2, BAFETORGIF T,
AT AL BILBE S 1 R B DI AL 25, & DA D SCCEBITHE ST 5 LigR I TV s, #
DOFMIZOVWTIEAHTH L. 22T, fist DSUS630 D PWRL KRG HMH#EAK (500 ppmB+2
ppmLi+30cc/kg + DH) "o SCC i 3 % 290C & 320C THi-X7z. SCCHERE#HE X, 1/2TCT
R &2 H T, ISR K=30MPay m THEHi L7z, SCCEBYIT K IE AT HTEAL 2L
WA TNRL 720, WSO R L5 4 FEOSUSA30, HIE H00, H1025, HI100, H1150 %
ME L. I oMENZ, 320C ~400C Tt 3,000 B o 247D % i L, SCCHEIC ZITY
BLRER) O RSB % SR L 7z

ZOFER, H Yy e TR EE o0 H1100 & H1150 0 ARBbF o> gk i SCC HE R i 1%, #&R
DTENP-72. —HT, L0 EMEOH0 & H1025 DKM, 3 X U8400°C T 3,000 I [ 24
%h L 72 H1100 & H1150 ® SUS630 1%, 4 75 7% SCCHEIE % 7Rk L 72 SUS630 (AT Hifli b 24 L B 4= 1
BILUOZOBOBIENC X )L L 72, X & SCCHEREMEDMRA S, SUSE30IEY v & — A
T & C 380 %8 2 72 WEIC SCCHEIR S EE DM T 5 & & 3500 72,

F—TJ—NK  SUS630, 17-4PH A 7 > L A8, %), Wik HIs il (SCC), SCCHEE L,
K

Abstract JIS SUS630(17-4 PH stainless steel) has been widely used for valve stems for light
water reactors, because of its high strength and good corrosion resistance. However, when
they are used at intermediate temperatures(300-450C)for extended periods of time, they can
undergo a loss of toughness and Charpy impact energy. SCC failures of SUS630 valve stems have
been reported, but the influence of thermal aging on SCC behavior is not clear. SCC behavior of
SUS630 was investigated in simulated PWR primary water, which contained 500 ppm B, 2 ppm
Li, and dissolved hydrogen (30cc STP Hz/kg-HZO)in the temperature range between 290°C and
320°C. SCC growth rates of SUS630 using half-inch size compact tension specimens(1/2TCT)
were examined. The initial stress intensity factor K of testing was approximately set to 30
MPa m"2% To investigate the influence of precipitation hardening heat treatment on SCC,
specimens of SUS630 with four different toughness and hardness were prepared as follows, H900
JH1025,H1100,H1150. These stainless steels were aged up to 3,000 hours at 400C to evaluate the
influence of thermal aging.

In unaged H1100 and H1150 (better toughness and lower hardness materials), very slow SCC
growth rates were observed. On the other hand, significant SCC growth rates were exhibited in
unaged H900 and H1025 (higher hardness materials)and after thermal aging at 400°C for 3,000h
of H1100 and H1150 SUS630. The hardness of SUS630 changes with the precipitation hardening
and thermal aging conditions. When the Vickers hardness of SUS630 increases beyond 380, the
SCC growth rates of the materials are increased.

Keywords SUS630, 17-4 PH stainless steel, thermal aging, stress corrosion cracking (SCC)in high-
temperature water, SCC growth rate, light water reactor
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1. [FC®IC

JIS SUS630 (17-4 PH A5 ~» L ZA4) 1, A
J8 53 A3 17%Cr-4%Ni-4%Cu D= V7 ¥ 3 4 b Jbr
WAL Z 7 > L ATH ), 1020~ 1060C O [ %
LB PR E AT I AEAL BV BE % fti L, Cuerich #H 72
EOWM B 2 R F 2SS 2 T, mil
g EHERZE LM TH LY. JIS TIkME L E
#95 H00 72 & B ¥ 2 M9 5 H1150 £ T4 B
FE OB AL 2L BE BT % H900 (470 ~490°C /2
%), H1025 (540~560T /22 %), H1075 (570~
590C /22¥5), H1150 (610~630C /22%5) B Bl
ERTWDY. WA OFKH A — 5 (AK-steel)
TIE, THITZHI25, HI11007% & & 5 IZHIA <
HEINTWAS. ZDHII0~H1150 13T H {1 24
WG TH Y, Bl 21X 1150 1F B BLIR EE O 38 1K
621C 2 HCITHRE L 2R OIRBEICHYS T 5. 20
FE LI EVE & IR A AR TV B 2 END,
BEARIFIZ BT HREAIRD 5N L FHEICH
WHNTWA. L LAa2%S, HRREE (300C
~450C) TORBIMOMANZ L ) R Y vV E—
AT 9 2 BRI L 25 2 2 2 & YA S
nTwa® 7, #£112R L7 &S 20lender
5% 13 SUS630 D#RKNF T O EBIRETFHI 2 K L,
ML BB SR 12 & - TIn i sl (SCC,
stress corrosion cracking) FEAERMANR RS Z &,
HESE X N DM I L BILBE SR 1E, X WkIC A
FZHIOBOUL ETHhAZ EaWMEL TS, iz
T, BRERNIC X D SCCIEZ MM HmT 52 L, &
DL BBUHEHFIIBVTY, RSB
WEIX3I6CUTFTHEZ 2L TWA.
FEREN BT B IS EE BRI O W T,
Tsubota 5@ %% (BWR, boiling water reactor) @
%% &8 (NWC , normal water chemistry)
5T, SUS630%Z Z otk 4 R mmBE AT ¥ L A
WOSCCIREZM%E T & FMHEVT AT (CBB,
Creviced Bent Beam) iEREIC X DAL, E v
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B — A E 340 LA ETSCCEZ AT 52 & %
WL TWwWb., — T, (PWR, pressurized water
reactor) @ 1 K& HMBREE T T2 O4ifED SCC %
B ol Lzplizd e <, £ 72808 0 SCC %
FIZOWTIEIAWTH S, Z 2 TSUS630 D ik
HOSCCEEIC AT, RERREE, AT AR k2L
R B L O D% O BB OB % 7z,

2. EEBRAE
21 fE#

kb iz, TR OSUSE30 TR 1 IZ/RT &9 7%
100 ¢ DFEH 2 1038°C O [l AL BLBL 1% 2 D 12,
4 FH O AT AL BULEELHI00 (5007 x 7 KRR,
H1025 (550C x 7 KEf#), H1100 (600T x 6.5K¢[H),
H1150(620C x 6 K¢f) % Jifi L 72. H00IZ DWW T,
470C ~490°C / 22 D JISHLE D 5 500C x 7Th/ %2
GBI 2 25 U728, BREEIE JIS B % il
35 XK L7z, H1025, H1150122W T,
JISHAGIZBLE S T B 0T I T L BVL PR 41, o6
BERMIET A & 9IS L7z, H11001& JISHIAS 12
F VA, IS TOMHERSY 2 ZRLEE L.
BEAM ORI & 2 212, HrilEi LI 5t &
P AR A £ 3 IR L7,

100 ¢

1 SUS630 A1k & s SR L

Z S DT AL B LB A 2 B Rh ALPE 2 it L
7. BERNIEREE X, 320T, 350, 400C @ 3 444
ZRE L, &L T 30000 $ T oA % 1
L7z B, SCCHEREABIZIL, RExIM B X
UM 400C D BBERh M D A % W72, SRS X
O X HRERF1E, B1ICRT &5 ISBRg o s A

#1 SUS630 (17-4 PH) O#if55Hp1*

| 7T M (WHgekRI %) s F 5 e SCCH&H 51t
1990 Surryl Hot-leg isolation valve stem 17-4PH (H1100) 316CT94
1991 Catawba2 A pressure-operated relief valve block stem | 17-4PH (H1100) 343C T 34E
1994 | (EDF) #EB=ETF—% Screw and valve stem 17-4PH (H 925) 325C 102 H
2001 Diabro Canyon Bonnet fastener 17-4PH (H1100) | 243-260C T# 104E
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%2 BRAMOLERR (wi%)
C Si Mn P S Cu Ni Cr Nb Fe
Spec. <0.07 <1.00 <1.00 | Max0.040 | Max0.030 | 3.00-5.00 3.00-5.00 |15.00-1750| 0.15-0.45 Bal
al.
SN 0.05 0.26 0.84 0.034 0.003 3.32 4.26 15.60 0.24
%3 B ORI
- TR LR w0 = W=
B L SR
PRHAEAEARARAE™ | BB | ooy | (vpa) | (%) (%) HBW | HVI
RT 1195 1333 18 53 401 428
) o PR
H900 S00C x 7, Zety 320C 997 1088 9 41
RT 1097 1134 19 58 352 384
H1025 550 x 7 HRiY, 224 390°C 995 974 12 50
5 N RT 976 1041 21 60 331 349
oY
H1100 600C x 655, 2215 390°C 307 854 13 57
RT 1000 1049 20 59 341 348
] o
H1150 620C x 6 Fp[H, 2215 390C 338 880 13 56
¥ 1 BIMCVLEA L, 2T 10380 ) B

* 2 1 H9001E, 470T~490C / 224555 500C x 7h/ 22~

Wi & U7z, @Mk e ARV E 7B (SEM,
scanning electron microscopy) & T-#i# 7 HEL
W47 (EBSD, electron back scatter diffraction) T
AFAf L 7. 2 12K D SUS630 12 B1F % EBSD
WCEAIZ7uMfiEz R L7z EBRIORLIEA A=Y
7+ 54 (IQ, image quality) KA 5, #tilktto
ETON M LBLIR S CIAIY < v 7 > A
MR Z R L TWwiz F/2, TERIOR LM EEX

DFRTRLI2A —ZFF 4 FHAS, HI00 & H1025
TI31%K i T dH 5 A%, HI1100 & H1150 T 5% ~
10% FEEEBIgE S 7z, B, SUS630ICIE -7 =5
A MIBVRBRET S DRI TV Y 23,
VT A M E R G DNTIZE Uz, 4
DEBSD TIXHIETE o7

AT IR L2 AL PR 35 1 OVBRIRE RS & & 0 X 2211,
oy — AW GABME 1kg) T5 MaHI LY

() H900

(b)H1025

(c)H1100

(d)H1150

X2 EBSDIC & % SUS630 (REFRIH) o 3 7 vk
Hri LB ((a) H900, (b) H1025, (C) HI1100, (d) HI1150)) 2 & % kg
QK (F), Mo () G ~VF %4 M, F: A —Z2AFF4 M)
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il TRl L 72.

22 SCCERHER

SCCHE R A EI1Z 054 ¥ FE XD (CT, compact
tension) ERF & vy, EEHERY 72 PWR1 K& HIAF
B3 % Wi L 500ppmB+2ppmLi+30cc/kg-DH @ 7k
e, ARBRIELEIZ290T & 320C, RERWH oI )
PRAREUTK=30MPay m & L, —@fif s CTHEJii L
7o, WABREERIIEA 1000 &2 H 22 & L7z, RERA
PRI AL 1 e iz 7R L7z

SCCJ sllnts, K& 57 BB 2 Tl im B
WL 72, BB OB 2 SEMIZ X ) Big L
SCCHEE, M MITERE % 3 L 72. SCCH#EJE # BE (mm/
sec) 1, FHSCCHEE (mm) % KERFER (sec)
T3 2 & TR L 7.

3. KERFER

31 SUSG30MmEEXICRKIET
EHBERNDFE

B 3 12 SUS630 DA S 12 Je 139 320C ~400C D #4
W & 2 B 2 n . ML AL B S T ORI
WM ORE S NI FRZ 0%, A2 TON LI S
THERERIRF R 23R < 72 B 2O TREAL§ % ZAER)
LB I NIz, T2, ORI, ZARER)
MEAS VT E X DAL U, BRI BEARAEE 3R
HoNT AFETIE, ROUMLPHETH -7
400°C DB % VT SCC 24 H) & Jif -~ 7z

32 SCCEREEICKRIFTHHAEL
BNEOTELHABRBEDORE

X 412, SUS630 (ABFxhAF) @ SCC i Jt 5 Bk
BOB MBS AR, M (LALH OB Z R T.
H900 & H1025 & 1,000 I 5 12 3% 3 % Hij (2 411 SCC
T TaE IR L 7228, H1100 & H115014%, #5 1,000
R OB TS, < —EBIC L A SCCHk 1 2381
BEINLroTz. AFTXTON A LELIE T,
T TR L & fr AR A L 72 K 9 2 Mathnd 2 1%
HZE2ELTWwW7z, Bl L72H900 & H1025 D ik F
D SCCHEM TUL, HAME W fE T b k1 <
37 L SCCHEIHTH - 72728, TS mkrakih
DSCCEEEIE—H13mm & L7z, HWE K\ —E
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300 f
0 1,000 2,000 3,000 4,000 5,000
EAFERNEERE, t(h)
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500 T
H1150 (620°C x 7h AC)
SUS630 (17-4-PH)
g 450
T
5
~ 400
I [
R °
a o, A
U3so 4 A L L [ [ [[[
® Aged (400°C)
A Aged (350°C)
M Aged (320°C)
300 ———
0 1,000 2,000 3,000 4,000 5,000
BEFhRRA, t(h)
(b)H1150

3 SUS630 D S 12 Je1Z 3 320C ~400°C RN 12 &
BIE
(a) H900, (b) HI1150

D HSCCHERE: X 72 H1100 & H1150 0 3k Bk 12
DWTIE, SCCIEE & L THEFHMEZ RN L T
w72,

X 512, 290C & 320°C o SCC ik Ji 38 BF & A7 H Al
LB ORZRT. &P, 290C OSCCHE
A BEC, H1100 & H115013 SCCOSBlZE S e 22 o
7oz, FTERHEMELLZ. 2o 5 SUS630 D
SCC e i 3 BE I, AT H AL B AL B R E AT 13 &
N Z LD )5 B IHAE AL AR T &
SUS630 (X RHEE & 722 5 DT, Z O R LB ALER
2K 20 S oAy, SCCHE ) HEE oW 2
T 5 EIIREEI N

HRERE DOFBIZOVWTIE, X 0 IEE D 290T @
SRR C 320°C 12 BT SCC 3t Ji 58 B AV W 1)
HHEFR S N7z FHIZH1100 & H1150 9 290°C o SCC
MR BB B W TIE, K9 1,000 R ERERE T D 4
{ SCCHEMmIEBIZE SN o7z, LEDOERENS
ARERILEE AL (F &, SCC o i 3 5 332 < &é'f
REMEAVRIE S 7z,
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200um
(927h)
il BT I

(70h)
0 i B P

(b) H1025

200um

105

(C)H1100 (d)H1150

-----

3mm 3mm

—#B1ZSCC —ERIZSCC

200um 50um
1,092h 1,092h
BRI [H] AR I [

B4 SUS630 CRIERIA) o SCCHEIRE AL O MBIZERE AL, M il Ei 2L Il o 2
320C, 500ppmB+2ppmLi+30cc/kg-DH, K=30MPay m

1.E-04 ; ©320°C SUS630 REFZIH
0 A290°C SUS630 SRESHN#T
= LE05 =
& PS
S~
2 :
£
% 1.E-06 -
3
X
& 1.E-07
i
b
o]
@ 1.E-08 -
°
1.E-09 A
450 500 550 600 650

rHEERLERE (°C)
5 SUS630? SCC itk ek g & #r L 2L B o> B 4%

33 SCCERREICRIFTEHBESDORE

X 612, SUS630 (H1150%F) @ SCC ik il t%
DR BIEEAER, BERD (400C) D2 %R$. (b)
400°C x 1,000 R¢ [ D B IER A T UL, (a) KREERIA
WZHARTSCC L %0, (c) 4007C x 3,000 Ik [
T 129h THEWF L 72. SEM X % SCCRE B D4k
R, ETOHRKR%ORET O SCCHlE S, AN
B E R RRIDRA LMt 22 2 LT
X 7 12 SCC s Ji M EE1Z [ (29 2Rl (400C) D3
BART. ZORN S SUS630 D SCCHE & # E 1%,
H1100, H1150 & HICEHERIREHI AR 251221
THL R AEDPHERINT. 3. 1THTHRA- X
)12, SCCHEJE M EE DI ASFE S 5 172400 x
1,000 BE [ 38 X 083,000 BE R 0 ZLEERI M T, BIHE 7%
BRI AE SN TS, DLEOKENS, &
DEMERNC X B S OBINL, SCC eI B o3
TN ES 5 2 LHRIBE NI
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(a) RFEAT

3mm

SCC

—#BiZ SCC

(b)400C x 1kh

b

3mm

1,053h
RIS [
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(C)400C x

i

200um 200um

(129h)
0 T Fy

X6 SUS630 (H11504F) o SCCEfE i ER% O mEIEERE S, 2Rl (400C) 03
(a) KB, (b) 400 x 1kh, (c) 400C x 3kh
320°C, 500ppmB+2ppmLi+30cc/kg-DH, K=30MPay m

1.0E-04

@ H1100
| AH1150

1.0E-05 -

1.0E-06 - i

1.0E-07

SCCHEBEE, CGR (mm/sec)

1.0E-08

1.06-09 1 // |
0 100 1,000 10,000 100,000

400°C D EABF SN BRI, t(h)

7 SUS630 D SCC it B 33 255l (400TC)
12 & A% (H1100, H1150)
320C, 500ppmB+2ppmLi+30cc/kg-DH, K=30MPay m

4. EE

41 SCCEREEICKITTES
BXUOIJOMBOTE

Fili 2 > SUS630 ¢ SCC e J& 345 & i & o BtR % X
8 IZ/RY. SUS630 DA X 134T AL BALEL B X OF
ZOHOBWERN L Y WL 225, MEOE v H—
AN S AI380 UL IS HEAL 3 B & SCC A i 3 i ATy
miz. ZofEE Heroxvs 3 A4 bRA
5 ¥ L A8 (403, 420]1, 431, 630, CW3047% &)
DOBWR (NWC) BH:i T OSCCIEZ MM B o
Yy — A8 & 340 DL ECHN$ 5 & L 72 Tsubota
SHERY L EM OB TH o 72, ABFIEHRE I,
Tsubota & OFEF & IIBBE M RB TSR L 5
TOHMARIBIZTE 2V, HEOM X o
ASCCHEBHET 2 L) Bl Cllmsd 5.
SCCHERMEE (B 5\ IESCCIEZM) ZHins &
LS OBMEIZOWTY, Tsubota bOE v H— A
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fifl X 340 12xt LT, ARWFZEo 3801374 TV b DD,
FRIEEREREZ RV, OO PWRL KRG
HM BB T OSCC%H &, BWR (NWC) BT
DSCCEBFDOMIZIZ, A H =R DILFEEG DD

b LIEHINS.

WIZ, SUSE30D ALK T 122w T# 3z 5.
SUS630 D #r KA L 2 LB ¢ 1%, F & L T Curich
Ze PRI A 23 A B S MUEAL S 2 V. BT YRR L L
HTIE, MuCod S OWMMBOMALIZH G55 2 LA
WL SNTWDE Y, ZOHOBIFRIC X 5 AR
ZALIE, <V T B A MAFIZBWTH R ) —5F
VIR & GRIDOITIAE L 5 2 L HHET sh
Wb, ZOAY ) —=FUoRE GO, Fik
ATy VASDOT7 =74 MAP ORI LER E L TH
MHENTWSE® SUS630IE~ VT v H 4 FRATF
YVAMTH HH, CrigBEd#17% & HEm&E <,
s d 7294 MILENT 50T, AT
YVRAED T =54 N E PO EEE TR
Btz FdoLitEshs.

SCC e B DI, ArmbELEi X - C
ik L 72 H900, H1025 THEEINTWAHDT, Cu-
rich 72 SGHIAT AR D A2 12 & A b I, PWR1 K&
HMBREE T OSCCHEECEREZ R IZTTINLE
Abhd. T/, BRI X o THi{L L 72 H1100,
H1150 T & SCCHEE R E DM MABIgE s . 2
DM EL DA, AT IEEALELEE T Cu-rich 72 ST
HAHOARIZ X VL, ZOHROBRHMTE SIS
VT WA MDA ) — FIVAHEE GHHOK
WX DR LT 5. BEINDLE 4O, Lo

1.E-04 T
e
A
e
< LE-05 L
@ A
: .
£ :
& 1.E-06 - i
© =
iid :
# 1.E-07
14
) \ 380HV11«,1J:'C sccﬁE|
Q
3 1.E-08 - i ©5Us630 REEBH 320°C
@ || ASUS630 REFHIH 290°C
|| m@ESsuse30 400°Cikh 320°C
1 ® || oSUSE30 400°C3kh 320°C
1.E-09 ‘ ‘H#: ‘ ‘ ‘
200 300 400 500 600

Evh—RAEE, HVI

8 % »SUS630 D SCC AL M EE & 1 & D B 7
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X ) ICSCCHEEITHLET 2 3B L TAYTIE
B AN, BRI X 2D PWRL K& A B
TOSCCEMIELEZ RITTIDEELR LN,

42 SEDFEE

RIFFECTHE S NGRS, EHIRHMET % 0Btk
FOEAEVEREFF D 7201218, 2 D SUS630 d 2k %)
12X % SCCHEEME DI DOWT, XY EEN
LRGSR L E 2 Sl RIETIE, 404E %28
25 X9 ENMEHBOFEICH 725> TOHEL
FLH5.

KR THW BRI ST, b o & bk
FEThHo72400C DB S E Lz, C ORI
MRS Td B 720, S BRI I%E
e EaR R L, i o g E T 0l
B RAF IS R 2 MG 3 5 L BB 5.

AR 5% T 72 SCCHe & 58 Bk o0 It )1 3 K AR %L
K=30MPay mi3, EHORBEOEMISHEMELD
b BRGEEUEERoTWAEHESNS. AT,
FRBRIT IR O SR A HE L2 BRTH Y, 20
HTHMRBREMETH L. 5%, EBOFHENT
MESINDINNEHEEZEZEL, L VIRWITESMNGT
DSCCHEEILIR L LETDH 5.

ARWFFECTHEM L 72 BREE ~y bL S
(320C) BXUa— LV FLZ (290C) AY oFfT
MEINAkEGmMEE L TEZELZ. Olender 5
X, RvAv b 77 AF—¢ L TfHEHENTV
H1100 #8471 %3243 ~ 260°C O L T #9 10 4545 F 2 8%
BLEFEAZHELTWDEY, ZopEERIE 6
NBB\RTH-72 e, HRARENRLLZ L,
MRECOMER L, BHBROERLEHIh TV
LODOEHTERVREHTH L. 250T (X BHFR)HE
b2 E 25 ELTTRIGEVWRETHL D00, 5%
SUS630 DRI CTOMAHEREEZEL, bHIPL
Jis ik BE A P C SCC 2R B 12 S 0T 3 Ak Bl B2 AR A7 1
DRl EEEEZ b,

B, ABIZEICER - 722 & Tl wahs, 404
X2 5 &) R RGO Z, BIN % R
RIHE P CEMIi 3 % 720121, A 5 O MRS A3
WCThH DD, MERGFMIL)AROZET) & HT
R WX OMLoEREE, A=A 2 MEth s
WKWEBHRAED HOETEGL TV T EPEET
»H5b.



108

5. £&£O

B AL B LB o> B 70 2 SUS630 (2R L T 24 IR
Zhi L, PWRLK®EHMBESE T O SCCHE &% B) %
PAR7z. AT LELELE X O D% OB 5
WCEDREIAZILL, RO v I — A8 S 53380
DL F CREAL L 7235 52 SCC A 2R B 2 7R 3
CEVH LN o7,

COZEnS, RN ROBKRE ORETEHE
Fro7-0121, 2 ® SUS630 DEEFR)IC X 5 SCC%
IOV, XD ERWLRFMMPLELEZ LR,
Fifi 2 DOBRFRYIREE O R IRF I BURE R 2 0 2 72T 70
FEEBLTWLS TETH 5.

6. HiEE

KRIFE % BT HI2H 72, HAEFERHES &
RBEDOERICH 72> T, WETHEEY AT A
WHoeET MEt 7 v —7 & EARIK, BRI, E
BNETFROZ KRN BH o7, ZOREMED T
WHEERLET.
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