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SCC Growth Behavior of SUS630 in High-Temperature Water (2nd report)
- The effects of thermal aging, temperature and applied stress on SCC -
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Abstract SUS630(17-4 PH stainless steel)is martensitic precipitation hardened stainless steel,
and its properties of high-strength and high-hardness can be controlled by the precipitation-
hardening heat treatment conditions. SUS 630 has been widely used for valve stems in light
water reactors, because the steel had high strength and good corrosion resistance. It is known
from SCC failures experience of SUS630 in field, that higher hardness materials, exposure to
high-temperature and long-term use affect SCC behavior of the materials. And age hardening of
materials is known to occur for long-term thermal-aging at intermediate temperature, but the
influence of thermal-aging on SCC is not clear. According to the author’s previous report, the
SCC growth rate of SUS630(H1100 and H1150) was increased with aging at 400C for 3,000h.
In this study, SCC growth rate measurements were performed using lower and longer aging
materials which were aged at 350C for 10,000h to evaluate the influence of thermal aging on
SCC for more details. In additions, the effects of test temperature and applied stress on SCC of
the materials were investigated.

In unaged H1100 and H1150 (better toughness and lower hardness materials), even at a high
applied stress condition (K=30 MPa m'?), no SCC growth was observed in simulated PWR
primary water at 290C, which contained 500 ppm B, 2 ppm Li, and dissolved hydrogen (30cc STP
Hz/kg—HzO). On the other hand, after thermal aging at 350 and 400C for up to 10,000h of H1100
and H1150, the SCC growth rate and the hardness increased with aging.

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

SUS630 (17-4 PH A7 » L Z4) &, A5
A317%Cr-4%Ni-d%Cu D < )V 7 ¥ 4 4+ RZAF A
fLBIA 7T Y LV ASTH Y, 1020 ~1060C @ [E#EAL
BB AT M L2V % i U, Cu-rich 72 &
Dol 72 55 2 MHALF- 2T &8 5 2 LT, e
LA EAMETH LY. HARLERE (IS,
Japanese Industrial Standards) T3l %2 EH T
% H900 7> & i 1 2 HAL§ % H1150 £ T 4 B0
AT L ZVL B, B HI00 (470 ~490C / 22%),
H1025 (540~560C /2%47), H1075 (570~590C
/224), HI1150 (610 ~630TC /221) 2BlE s T
WY S OBM A — 4 (AK-steel) ¥ T, Z
M 2 H925, H11007% & X S I HE S
TWa. ZOH00~HI150 1L H7 H AL B LB AL 5
Th b, BI2IF11501F BB OEIN621T %
FQITIHRE L - ROREICHY T 5. ok
M AVEE SEEZ QM A TWDE I Enn, HK
FFIZB T EEENRD 5N 5 FRHBEFEICH S
NTW23. SUS630 DEEKIF T O FBEIREFHID
VT, Olender 5 23& ) F L AWBHIZL 2 &,
AT AL B PE S 12 & > TS D &L (SCC,
stress corrosion cracking) OISR R L 5 2
&, MRS NI LAML G E, & D B
ARZHI050 EThH B L E2HEL TS, i
T, BRI L ) SCCREZMEmMT 52 &, &
DX BRBILBIEMAICBWTYH, RN LR
BIX316CUTTHhHhAZ LG LTWS, —
ez, WA EIXSCCIZEIFRT % A%, SUS630 1% 300~
450C OImPE TR M FERN§ 2 & WALA 4 U 5546
DB, FEEREIT BT B IS B R B Al
129V TIlE, Tsubota®® 2SBWR (boiling water
reactor) DMF %= &L BEE (NWC, normal water
chemistry) 5T, SUS630 % & ok % 7 i il &
AT YLV AGOSCCHEZMEZE T & TMHEOT Al
\¥ (CBB, creviced bent beam) #EEZ:C &L D FiAE
L, ¥ — 2% &340 DL ¢ SCC IS EA 3
HTlEHEL TS, —FH T, PWR (pressurized
water reactor) @ 1 RS BEEET T OHAED
SCCEE e L7-flZiZE A LR, T80
BMOSCCIZHTBEBEBIZOVTIZ L bhoTw
W,

% Z TINSS T3 PWRI1 Kk HIM g K v > SUS
630 D SCCHEEIZOWT, RMMOBIFENIZ L S
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B A F L7z, SUS6301%, Hr Himsifb 25 L 3t
WX o TS 2 ERWAEORZ M TH S Z
Lo, BT T3 SUS630 0 E ik H o SCC it
JEASBY I KA HT AL B L E (H900, H1025,
H1100, H1150) OFEL HbETHHFMLZ. 7z,
BSOS BAMIC S 72 o T, IR B R) S
T % 400C T3,000 W5 [ T T O BRI % 845 L
320C ® PWRI1 k& M B K, K=30 MPay m
DS G TSCCAERZT) 2 57l L7z, T ORR,
A A 0 H1100 & H1150 0 SCC 7 8 2 1,
0 EEE 0 HI00 & H1025 12 F R THhio T
Motz TOfEFRIE, Olender Y OEIET 2 [HF
AR AL LB S5 1050 DL b oo ¥ pr o i | %
YHT AR TH 72, 72, 400°C T 3,000 %
THIER) T 5 &, HER &8O HL100 & H1150 D
SCCHEJE M 1X, BHFRIFI & & D ITWimL, 2
eI & % W b ASSCC B I B A2 KT 3] 5
P % iy L 7.

PLEo X 512, SUS630 9 SCC 3 J 7 FiE 73 By )
DB L Z T HWRRENHL N -7-0T, XD
B KA A F IR EE 123 v 350°C T 10,000 K: il £ T
BRRE DAL 2 E L, SCC e g BE 12 139 A RER)
DB RFMT AL L L. 7B, SCCHEREZ
B AT TERER) OB H72 > T, XD
% O H1100 & H1150 @ 2 FER)#F 2 F v T SCC ik
JEARERZ R L, BRI X B X2k & BN
ERETAHEE LI, I 7 OHMBRGEMIC X 0 S8
WAL & SCCEB D BIARIC D W T b KMiat % [ab
L7.

AT, BT o SCC e Ji sk FLise v w55 (290,
320C) T, %M (K=30 MPay m) O#i%
DHTH o7z, BKFIZBIT LI, b4 RE
ST ESNTEY, TRENEHFICOVTHIE
BhobEEZLNL, F£IT, SUS630DSCCIZD
WTIE, BRBERF & U CRERIREE 0522, e K+
&L TREBIS T OB& S L 7.

2. EERAHE
2.1, A
K, IO SUS630 TR 1 12RT & 9 42l
100 mm O 1038°C O [ A LIRS 26 D

%, 4R ON AL EALEE HI00 (500 x 7 ;[
/Z7e¥5), H1025 (550°C x 7~ 22%), H1100 (600C



INSS JOURNAL Vol. 25 2018 NT-4

100mm ¢

(a) FH Ik & Uk
1

x 6.5, 22%5), H1150 (6207 x 6 g/, 2215)
i L7z, HI00IZ oW Tid, 470C ~490C /224
D JISHIKE D 5 500C /228 DB S ~ZE T L
72. H1025, H1150122WTid, JISHARICH E &
T BT AL AGLEE S & G2 L 72, H1100 1
JISHMEICIE 208, S TS 2 %18
Uit L7z, MM o b ik 2 22 112, #riimqb
B S & BGABRE R A K 2 1R L2, &2To
A LBV S, BREEIZ JIS & % W iEdb
M & L7z,

NS OB HREAL 200 BB 12 SRR AL BT % it L
72, BEERAE X, 350C & 400C @ 2 44T 10,000
E ] & CORMERM & BAE L 72

22. WS, WIIEREBRR

BEALRES L OB S HEBRAIE, BLIORT L)
Begi w7 I Wi & L7z, AT BRI BVLEE 3 X OV
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(b) CTHRIUGHE, W, MKEBIE

SUS630 4~k CT SRz, MkkBIE )5 (L

Beshlc X A2 k%, v h—AME G E
1kg) T5 RiEH L4 TR L 72

SEAMKE, EENEFEMSE (SEM, scanning
electron microscopy) fi & @ & 1 # % J5 $EL ol 7
(EBSD, electron back scattering diffraction) T3
L7z WEDAT Y I A4 X%, 0lum & L7z,
SUS6301E~ VT 44 MALED 7 = 74 MA
BLOF =274 MADBEEINED, VT ¥
P4 MU RFERIZE 5 Theed 2 W i bet fEE 12
0P wIFhbbee 7 =74 MIEBRTEHDNT
12 U CTH %729, EBSD T35 BEDSHEETH - 7-.
% Z°C, EBSDMEDMHAII VT 34 ML
F—ZA7F A4 MHELTERIIL 72, X 212SUS630
DOEREMEE LT, EBSDOA A=Y 27 F ) 74
(IQ, Image quality), #J5 Xl (IPF, invers pole
figure), AR %ZRT. IQK A5, SUS630 i
Be<vr o34 MIoMEEZ 2L, F72H900
& H1025 Tl 1% A, H1100 & H1150 Tid10% 2

#1 Mo R (wit%)
C Si | Mn P S Cu Ni Cr Nb Pe
Spec. | <007 | <100 | <100 | Max0040 | Max0030 | 300500 | 300500 |1500-1750] 015045 |
al.
SHTE | 005 | 026 | 084 | 0034 0003 332 426 15,60 0.24
2 ERM T O ITEY
AT HHRTA b 24 SRR it 73 FlaRmS fipor ) il % s
RLFR G ATRILES (MPa) (MPa) (%) (%) HBW HV1
. RT (1175) (1310) (10) (40) (375)
1900 | S0G 7M1 Ry 119 1333 18 53 401 428
= 320C 997 1088 9 41
; RT (1000) (1070) (12) (45) (331)
m10z5 |00 < 7ML Ry 1097 1134 19 58 352 384
2 320C 925 974 12 50
600C X 65HFMH. |  RT 976 1041 21 60 331
HIL00 | ps; 320°C 807 854 13 57 349
5 RT (725) (930) (16) (50) (277)
150 S20C X 6. | g 1000 1049 20 59 U1 348
2 320C 838 830 13 56

* 1M LBMLEE S RIE, 42 T1038TC / S

%21 H900 1%, 470C~490C / Z2i5H 5 500C X 7 K¢hl] / 28~ H

() W, JIS BitEfE (4T FRUE).



94

INSS JOURNAL Vol. 25 2018 NT-4
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(c) H1100 (d) H1150

X2 EBSD {2 & %SUS630 CREFZIH) @ 3 7 vl A1 B 2N 0 ik
IQ M (F), IPF X (), AHEEN (T) G :~NF >34 M, Rk F—A2AFF4 M)

EDF—ATF A4 MHZEZATH.

BBFRNIC X DAL OFiE LT, 7 hA T
7 — 7 (APT, Atom probe tomography) 73#7 % 17 >
72. APTHll € 21, KEImagott (BLCAMECA
) BoRPTEREE 3%KITT AT a—7 (LEAP
3000X HR) Z w7z, JlER, L—HF =7V ZAE—
FCTifo 7z, WEEME, REHREESSK, L —+—
H7703n], 73V AJHWEF200kHz TH S, IWEL 72
T—2E, HHY 7 M7 ECTIROMEE JoE
L, Fe, Cr, Cu, Ni, Si, Mn, Mo, C, P® 3k
TR (ME LT =T baxy T
FEHMES a2 - ) EBiTo7 B,
SICHBIRAEIZB VT, T Mo~y 7Dzl

mE & & k9 5 72912, Evaporation Field =
30.0 V/nm & Image Compression Factor = 1.65 %
w7z,

2.3. SCCHERAR

SCCiHt B ER 10514 ' FE E2DCT (compact
tension) WERR & IV, BEHERY 2 PWR1 R HI4F
BR3E % A8 L 500 ppm B+2 ppm Li+30cc/kg-DH
DRPT, —EMETHEN L 72, WA RIUTLIX
IR R L7z ) & L7z,

SCCHERZ KT 3 IR O se Bl 121, HER
RS AYES Cd 5 H1100 B & OV H1150 O 240k %h 17
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Wz B, WBRIREEIX320T, i RARE
K=30 MPay m ®5-CThe— L, HEGEHMG L 7-.

W B B o0 B2 B AR AT 12, SR EE R o H900,
H1025, H1100, HI1150 % ¢, R & LT
250~ 320C O HEPH O RERIREE & L7z IS I KAR
¥izowTiE, K=30 MPay m D5 THi— L7z,

AR BRSO FEFEM 1213, 320C TK= 30 MPa
v m DT T IR SCC A i U % 7R L
7= RIERh 0 HI00 & H1025 % T, 63l K%k
K= 10, 20, 30 MPay m TG L7z, Bk
FEIZDWTIE, 320C CHi— L7z, 3XTOHSCCiE
JERBR OB, %9 1,000 2 B2 & L7z,

SCCH#EJE kR tR, R IE 57 kB (2 C s BA
ML, #E BB o B 2 SEMIC & b BEE L,
SCCHE S, MM % #fAli L 72, SCC i (mm/
sec) 1, FIHSCCHEE (mm) % RXEREEM (sec)
THRTZ & Tl L2, —EBoREBF1Z, WED
3mm VB TYIK L, SCC O JE 2 5-4l 2 SEM 1
J&® EBSD TH i L 72.

3. KEER

31. SUSB30DSCCERREIC
MIZ TR DEE

¥ 312, H1100 9 SCC i J 58 Bk % o i 1 8 53
&, 350°C o BRI R A B L TR Y.
H1100 O REERHIE, T < — 12 SCCHE 1 A3 52
ENDLORT, 1FEALSCCHERIZBLINLH >
7z. 350C T3000 K[ O B bEsh 4 T, T Ew
SCC T 235 A e 52 & 4, 350C "¢ 10,000 B ]
RN T UL A03 RE [ TREWT L, (2(T421H A5 SCC A
Wx2EL7Z DEds, 350C 0B B T,
SCC 3t Ji TR EE DS BABE R DB % 20T 5 2 L DRIE
Eh.

H1100 & H1150 ® 400°C 3 X UF350°C @ 24 b 5h 41
D — 4 O 1] 153 4 e > & SCCHE JE TR % SR,
BRI IC S L7 ey b L22b 0 &R K41k
3. H1100 & H1150 ® SCC 3 J 78 B 1%, 2 i %
B 2512 oN TN 2SR S, £
72400C O F25350C & 0 b F I SCC 3 b 24 g 53
WL, BERRNREEARAAVEA R S 7.
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9
Lo
. 1.E-05 oI >
H o
£
E:.) 1.E-06
> o
By
& 1.E-07 - i
) H1100 KEF%H
S [H1100 400°CH§%h
(2] o, .
e | o H1100 350°CEF%)
1.E-08 + H1150 REFZ)
©H1150 400°CHF%h
+ ©H1150 350°CHEF%)
1.E-09 f
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BRI, t(h)

4 HI1100 &H1150 @ SCC 3 i 7 i & ZAIRFRN IS [H] O B 4%
320°C, 500ppmB+2ppmLi+30cc/kg-DH, K=30MPay m

3.2. SUSGB30 DX &Ml E LI
MIZTHRBHOLE

512, M & BRI O BItRZ 89, H1100
& HI150 D 2 1&, BERIRE 2 R < % 51251 T
WEALS IR S, £ 72400C D J523350C
L0 S RENCREIL L, BRIR KA SR S
7o Db s, RS & SCC A e 4 BE o #h IR ) I 1]
AAPEIZIE, RO AR S e,

6 (2, H1150 ®400°C T 3,000 Hf [ 24§ %) 44
APT/HMICE 27 FAaxy T&RT. T hARY
Th 5, SHHOMMAMM B I N/, —D2HI,
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Cu~vy 7HICRERZHHP 1 L 2L L. 20D
MrHAE 112, 30nm A2 B o LB K & 7% Cu-rich 4
Thh, FUMEICNIE MnORIEAHESN S
25, SHEHTLOBIEL T ahoslz, T
Cu-rich #H1Z, HriififbALIIC X > TER L2 D
DEEZOLNS. Cu~y 7HiIZiE, HEam$ A4 X
DB/ E 72 Curich (R 2 &7RL72) 8l
gahsz, TO¥nmY A X®Curich#lid, FKI
MO HIIS0 TRBIE SN TR W®, 400T O #
BRI 2 B W CH 72128 nm ¥ 1 X @ Cu-rich 534
YA EAREINI. 72720, BURTIR O
WHRNOT, Fip %W LB SRR B
FMOT—5 2 EM - AL, BEESLETH .

2OoHIZMH 3 LR LM HAMT, Cudiibo
AR TSI BILE S N, W UALEICNI &
Mn OB ALASBIEE S N2 AL L7256EDS, Si, Ni,
MnTHhhAZ N, TNHIEAT YL AFHHO
7 274 MITEREBED%ZICBE SN GHY
g sz, o EMHIZKE VSO T10nm 4
A4 X THY, 400TC T10,000 BE[E D BEEEYZ D 7 «
FA FHTHESA TV 24amBEOGHY X1
DETRKREVEHAITH - 7.

32 HOMMMEEILE, Croxy 7TI2BWT
CrOBRBEERIIERIN, A —FVGHICX
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LHbntEZ LN

Pl o Bl F1E, Maruyama 5 OREHRYY o &
I, T A PHPIZBWTHBEMNICL S
AY ) —=FNVofRE GHONT AR 5 & L7z R
AT OB CTH o7 T, S IESUSE30 0
Yity, GHHIZCurichfHIZHEE L THEKT A2 L B
WE0 LY, FOALAEEIEMTH - 72

440 i
420 o \
) o
z
. 400 L
e O
fuo g &
380
R
R o
u (o]
360 R [ H1100 400°CEFh
© H1100 350°CH¥3h
© H1150 400°CHEF3h
T © H1150 350°C %)
340 -~ i
0 5,000 10,000 15,000

BEFRNERRD, ¢ (h)
KI5 HI100 & H1150 Ol & & ZAIFRNIE R o B fR

1,2 : Cu-richt8
3:GHE

Box size ( 58x56x103nm?3 )

6 HI1150 ®400C T 3,000 KM O T b o<y 7
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33. SUSG30MDSCCEREFICKRIZT
HERBEDHE

AT, KRR H900, H1025, H1100, H1150
T, 250~ 320°C o i B #fi P C SCC 7 Ji 25 )
WCRITTRBRE OB ARG L. 2B, ok
}%4TK=30 MPay m & L7-.

7 W R IERN 1025 0 SCC e Ji 5Bk % O A I %,
FRBRIR BRI IE R COR T, Y S A o 10251,
320C & 290C D ikERiEE Cid, HELEERIEH @ 1,000
REMNCRNE T B ETICHERT L7228, 270C, 250T &k
BRI DML L 2 B 2o T, SCC i J i 1 1 W e
WL o7z,

8 1T R KERN H1150 0 SCC e i 5 Bk % O a1 %,
BRI RO R 2R 3. B S o H1150 T
i, 320C TH I A% SCCHIMABILEZINL D DD,
290°C T3 £ 1,000 g 0 5 ER 74 B 42 < SCC R 1T A3
PO LY, H10251F EHEECld 2228, RIS
% %12 ESCCHEMEAE L 72 I TH - 72,

— 38 D B THT 153505 S © SCC o i 3 % 3R D,
ABREOH K E OMIRE LT, HIIWRT. &
B, R LB OSCCE S I —H13mm & L
TSCCHEREMEEZBIN L. F7/2, 290C »SCC i
JE B C, 11100 & H1150 1% SCCHf I A3 4 < #i%2
SN poizizd, TRAZML L. ZOK»5
SUS630 D SCC A B EE 1L, BRI MK T L2

(a) 320C (b) 290

(927h) (519h)

5 T s ] T T T[]
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WZ EAhr 5. B EREEE 0 HI00 & H1025 O
SCC 3t Ji 7 ¥ 13 250 ~ 320°C Dl EE P < 1/T # o
AR CTH - /2. H1100 & H1150 Tix290C T
SCCHERENBE I N o 72720, 270C LT Ok
Bz g0t L Twv 7R\ a8, H900 & H1025 O il BEAK AT
P E BRI, X )RR TIZSCCHEREATE N Z &
MESND.

1012, REFRIH1025 ? 270C :RERIZ B 1) 5 SCC
HEEREEOBIZEHERERT. K10 (b) IZ/RLAX
I1Z, SCCIEIHA—=ATF 14 roRNEEREL, F
72V A O T ZARMERCR L TIiE, ER
HIZHERE L Twz, K10 iRl zEo1ie, 7
fazldzLE R L CTHEMBRMTH 555, SCC
BT HRMICHEREL Tz, 2, SCCas
Mo POBELEREREER L2 EZRRT L0, £
OBELREBIEIH: — 2T 54 MR, < VT o3
4 bDOTARMBEOBER TR VL) THoT2. 5
%, SCCHERRHIZOWVWTIE, & 54 LMaA
BCTh5b.

(c) 270C (d) 250T

3 mm 3 mm
1020h 1097h
BRI ] BRI H]

7 REERHHI025 o SCC MMM, FRERIRE O g
500ppmB+2ppmLi+30cc/kg-DH, K=30 MPay m
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(a) 320C (b) 290C

3 mm 3 mm

—EBICSCC No SCC

200 pm 200 pm
1092h 1091h

BRI ] BRI ]

8 KA H1150 @ SCC AT,  FABRIEE 4 o LK
500ppmB+2ppmLi+30cc/kg-DH, K=30 MPay m

320°C 290°C  270°C 250°C

1.E-04
JKE: 500B+2Li+30cc—DH
KiE: 30MPay m
_ 1.E-05 T .
& 1.E-06 el
%‘ A
B 1.6-07
b
O
Q
(%)
1.E-08 @H900 REEZNH
AH1025 RE#H
DH1100 REFZhHA
< i O H1150 KB
1.E-09 *{ f
0.0016 0.0017 0.0018 0.0019 0.002
HERREE, 1/T(KY)

9 RIFRISUS630 @ SCC e AL & BRI EE D B4R
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(a) Jer s

Fan ~SCC
\ 2.6 mm | 2.1 mm
rEEY -’-\ e 5 A}
@vv?’ o T ] T
e
(b) IQ+IPF 0.1 mmv

5pum

10 REFRIH1025 0 SCC e R o
270C , 500ppmB+2ppmLi+30cc/kg-DH, K=30MPay m

34. SUSG30DSCCEREHICKIZT
ABRIC D DFE

1

AT, REEROHI00, H1025% HwvT, &)
BRIt 1 K=10 ~ 30MPay/ m @ #i P T SCC 7t Ji 7 j
CRAZTRBIL I OB 2 ME Lz, b, B
JEIZ4rT320C & L7,

¥ 1112 H1025 @ SCC i Ji 5B £ O B 1 % i JJ 5=
PRI R TR Y. K=30 MPay m T, HER
BRIRE [ 0> 1,000 R R (2 B0 3# 9 2 Bl AWy L7z, — 0
T, K=20& 10 MPay mOKIS h4&Mcix, &b
HDTEVSCCHBLESND DD, #1,000H D
RERFE D1 L AL SCCHRIEDBIS SN 0o 7.

1212, &K% ©HI00 & H1025 0 SCC i Ji# 5
JE L IR BEOMBRERT. EE50MED
K=30MPay m® & 9 @IS I 5&04:Tlk, FER
SCCH#EJEE % 7”3 7%, K=20 MPay mLLF DIs)i4
PECi, SCC e i 38 BE ASBA AR T 9 % M [0 25 e
a7,
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3 mm 3 mm

T<EWSCC

200 pm 200 pm

3 mm
(927h) 1005h 1005h
0 Do B3 B SRERIE

11 FEFRIH1025 OSCC A, FRERf H 450 g
320C, 500ppmB+2ppmLi+30cc/kg-DH

1.E-04

I
| 320°C, 500B+2Li+30ccDH ‘
T
@H900 REFZh#
__ 1.E-05 | AH1025 KREZHH
[$]
2 A
£
g 1.E-06
Q
]
& 1.E-07
]
%! )
b
1.E-08
A
1.E-09
0 10 20 30 40
IS AR R B K(MPavm)

K12 H900 & H1025 ¢ SCC Ml s & 3ERAT & o B4R

4. E =

BULEC X0 i S 2 2L S 872 SUS630 D SCCHE
JEAEE L S OBIFRZ 131239, SUS630 Dff S
(AT R LML B X OV DR DO BERFNIC X 1 TAL
THH, WERHHE O S ATHVI=380 DL IZF#
fb§ % & SCCHERE A EEA M L 72, KT, #rihh
TEALBALEL D A DRI 2 AL, 400C D B2
M % AR DU S, 350°C O B RN M & T = TR L 7.
SCCHEREHSE L S DRMRIE, DFHTED LD,
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