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Efy SCCHERICHT 25 O e R0 S, KI5 EN BWR) Ok ZEE%
GLEBMRBEOSRMAKT T, A7V VAMBHSEIIARE L SCCHEZRT. — KT, I
JEARIE I35 (PWR) @ 1 SRS EIM BRI T O X ) ZREMIRE T T, &S oHE
Mo, AEZ% SCCHEREPBEINT, WMELBEEMEAEIBZINS. PWR O 1 REGHH
BLLTHHENSE AT v L AHIZOWTIX, BWR, PWR OHlij/KE T, SCCH#REIZET 5
HHlx v, &2 TARBETIE, PWRL RGEHMERBEFICBIT2 X7 v L A O SCC %
& ZMIICTHARL 2 B E L. T/, FE, ZEERD (400C <4 7R, @i (£
THE10%) DOWEIZOWTHI L, TNO50ORE % &0 TREBRMOMEZ K L.

ZOKR, KRFEZHMLEEMSEMCIE, SfE (SCS14A & SCSI3A), #EMT. (10% %
MWL) 22hb 53, AEALRSCCHERBEIBEIN o7 Tl BERMNEMHICBWTIZHE
%7 SCCHEROMIMEDFED Sz, Bl (400C T4 7)) #MTd, IKEMERBET CTIIAE
7 SCCH#EBIZBIEE I N, D EDOKEL S, A5 ¥ L A543 PWRL RGHIMERE T TER
72t SCCHEMEME A 7R L7z, — 7, IR R 2 iR L 72 S BALBRBE T T, & COM B (FifE (SCS14A
& SCSI13A), #uiEzh & &R T. (400C T4 T E T, 10% S HMMT) T, &% SCC kA
BlgtE b, SCSI4A & SCSI3A L DT, K&7% SCCHEBHEEDAIIR SN -7z, 400C
T 1) OBMERIC X 5 SCCHEEFEDEALIZFAD SN h o 7205, KR BMFR) (400T
T4 FKH) 12X % SCC R HEEE DA Sz,

PEO#ERNS, A5 v U AFHMO SCC HERIIE, W2 EBMARGEEAFD S/,

F—TU—F A7 UL R, kPSR (SCC), SCCERaEE, MWAE, WML, Bk

Abstract Recent studies on crack growth rate (CGR) measurement in oxygenated
high-temperature pure water conditions, such as normal water chemistry (NWC) in BWRs,
using compact tension (CT) type specimens have shown that stainless steel weld metal are
susceptible to stress corrosion cracking (SCC). On the other hand, the authors reported that
no significant SCC growth was observed on stainless steel weld metals in PWR primary water
at temperatures from 250 C to 340 C. Cast austenitic stainless steels are widely used in light
water reactors, and there is a similarity between welded and cast stainless steels in terms of
the microstructure of the ferrite/austenite duplex structure. However, there are a few reports
giving CGR data on cast stainless steels in the BWRs and PWRs. The principal purpose of
this study was to examine the SCC growth behavior of cast stainless steels in simulated PWR
primary water. A second objective was to examine the effects on SCC growth in hydrogenated
and oxygenated water environments at 320 C of: (1) corrosion potential; (2) steels type (Mo
in alloy); (3) thermal-aging (up to 400 °C x40kh) ; and (4) cold-working (10%).

The results were as follows: (1) No significant SCC growth was observed on all types of
cast stainless steels: aged (400°C x 40 kh) of SCS14A and SCSI13A and 10% cold-working, in
hydrogenated (low-potential) water at 320 C. (2) Aging at 400°C X 40 kh SCS14A (10%CW)
markedly accelerated the SCC growth of cast material in high-potential water at 320 C, but no
significant SCC growth was observed in the hydrogenated water, even after long-term thermal
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aging (400°C % 40 kh). (3) Thus, cast stainless steels have excellent SCC resistance in PWR
primary water. (4) On the other hand, significant SCC growth was observed on all types of
cast stainless steels: 10%CW SCS14A and SCS13A, in 8 ppm-oxygenated (high-potential) water
at 320C. (5) No large difference in SCC growth was observed between SCS14A (Mo) and
SCS13A. (6) No large effect on SCC growth was observed in specimens before and after aging
up to 400 C for 10 kh. (7) Long-term aging at 400 C for 40 kh markedly accelerated the SCC

growth of cast stainless steel.

According to these results, a clear corrosion potential dependence on SCC growth behavior

of cast stainless steels was recognized.

Keywords

cast stainless steels, stress corrosion cracking (SCC) in high-temperature water, SCC growth

rate, corrosion potential, cold-work, light water reactor

1. 1FU®IC

MRS NG BN LA 20 7286, RSB A 7
Y LA BI6L 7 &) 2B\ T HRARUS IS 2 E
NHFEA T 2 B AE—FROEAKIT (T AR i
THICBI S Y25y Fid) THESRY, 2o
MAFTORT VL AM OIS )G EE I (stress
corrosion cracking, SCC) HEREZEIOWTI, FEH%
BREDEELFEOOEOTH L, BARIFTHIT X
NBAT LA, BEEDAT Y LV ARD A% S
T, TOBEHESBERCAT ¥ L A4 H 5 DT,
ZNSOMEHN T2 EE L 72 AP EZLTH 5.

HKHTOART » L AHO SCC HHpl & LTI,
KA 47 (boiling water reactor, BWR) (2
B2 HIERIE C, HHEBOERETEVINTLEZ %
F7z AT 2 L AR R T o AR L 72 SCC A3 a4
JBEBICHE L TV A HBIDHE ShTwa Y, 2R
7= T, WHIM L2 7B 7 > L A
1, BWR @Oli% /K (normal water chemistry,
NWC) @ &9 ZEMOFEVERAR, BLOKE
£ AKE (hydrogen water chemistry, HWC) @
£ 9 BAKRFEZBIM L 72 &K T, SCC H#E A8l
HBERTWED O $72 257V L 2AMBEHER
i, BWR ® NWC EilikH TH & 7% SCC g 2s
BlEENTWVE OO,

IEARE - 138 8T (Pressurized water reactor,
PWR) O 1 RFHMERE O L) AKREZRML 72
SRR TS, W TE M 2SI A 7~ L
A$ili%, BWR @ NWC Bg5i FIZH~RTZ o SCC #
EHEEITEND DD, fELSCCH#REEZRT L
SN TwR W0 g2 25 L AR
GBI D SCC BB IOV TIX, FHLOHE
25, PWR O 1 RGHIFEEET TIE, AL (316L,
308L), #ERh (400C 1 HREHILLT), @i T (&

TE20% LUF) 22 b 54 E % SCC iR A8l
RENBVI LR EERELTEY P @iEo
AT VL AL 3 B E R R

AT v L A BWR, PWR OMjKEERE T D
SCCH#ERICHT 2HF%EIx, HH S o 1910 %
BTGB 2. SO RT v L AESIE, MR
SEEEA—ATFA NRAT VLV ASITH 505,
BREINEZR 207254 MHEELRE, A
7L AR 48RRI 7 15 A%
, ZOSCCH#BEEFHICOVWTIIAHTHS., £2
T, KEETIEIDORAT v L A0 PWRL ki H)
MEHEREE T 1281 5 SCC #ERHZRLZ L %
Hi& L7z, 22 Tld, SCCMEREEN X % S,
BB X WM OB OWTHRE L, Zh
LOREB % GO CTERBMOBEEZ B L7,

HFE DB IZ OV TIE, SCSI4A (316 %) & SCS
13A (304 %) &zl L7z, PWRIZBWTIE, SCS
T4A 13— RGHM B, SCSISA IRY Tr—v v
FETHOONL Z LD, SOMmHEE#E L7
¥/, 7294 VEHBOREZIET 520,
NOFERO 7 274 M EFEZWET S, 8~23%
DOHFPAIZINEE L 72 BHI D W TR 7z,

B O BBIZOonTIE, T O/AD S 400T
TATREHE TORMIM ZIE L., A7V LR
BaE, —#, BMENER <728~ 23%
BEO7z74 MzEL. 72914 MIZELX
7 v L ASEME, KN oo Ak AT I T R A A
EMbE, 7294 MIPAE ) = F IV ifRzie D
L322 812k, MEOWEEIMETT 22
LIS TWE W00 = B 2 B 5 e
BRI hE, 7294 MIZ8~23% L AT
v L AL, 400C OIREEME ST 1 TR
BRI AT L, WHEISERBICKTT S, €0%k
400C T 3 TR RL LB R 9 5 &, AR 81
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HEVELEV OO, KL ELEDIZTTA b
MNIREALGI 2R 3. BRI O A L F— &
L Ty ST % 100k]/mol # v 5 &, 400C
T 6 IR OBIERNIL, FERA Y L R T
£5 D 320C TH 60 FEOBIFERNIA YT 5. £ T,
BRFR) O BRI & LT, AR I 2 2 E
L, BlREfRTErHRED DL LT, 400CT4
TR OB £ TE L7z,

WHEIMTORBIIOWTIE, DTFoBlmTcHEIC
10% @M T (cold work, CW) # &M L7z &
P OBFZeRE @O 000002 Fong, ik
2B B IEBUBAL A 7 > L AR SIS £
1L (inter-granular stress corrosion cracking, IGSCC)
AL, WHRMTECI Y mEE NS, T/,
BHEBEEIICBWTY, Tof 26 U7z SCC
HEREPHERS A TWR Y, 22T, KRR TIK
BB T CAHELR SCCHREDIERIN TS G
I TRE 10% D52 % L7z,

2. EERFEE
2.1 @A

AT v L AFM, SCSI4A w.05iER (ASTM
CF8M #H24) & SCSI3A ##5 4 (ASTM CF8
HY) T, 774 b(o) EH R, SCSI4A OHfy,
8 158 X U23% (Lt &N Z i SCSI4A (F3),
SCSI4A (F15) 3 X UFSCSI4A (F23) LIE5) O
3HF %, SCSIBA OHfy, 8B XU 15% (LL#,
SCS13A (F8) 3 X U8 SCSI3A (F15) LIESR) o
2R E, HESHREL L0 ZIEAREH L L.
CHOAT YL ASHIZ, 400C OME T 4 7
MOBEERZIMAZ 7250, B X U10% D&% ML
(DL 10CW) Iz 72d o % & L7z, SCSI4A
AR O~ 7 T HER & B ERIOE AL 2 K 11
AT~ 7 THERIE, B o sl R W TE 0 — 1S
MEL, MoXHIMK7 254 MFTid, BN

F#1 SCSI4A 27 v L A b3% (wt%)

C Si Mn P Ni Cr Mo N Fe
F23 0.044 1.46 0.68 | 0.029 | 0.016 9.57 2002 | 223 0.0501 | Bal.
F15 0.039 1.07 0.84 | 0.023 | 0.008 9.28 18.80 | 2.14 0.0558 | Bal.
F8 0.047 0.79 090 | 0.026 | 0.017 | 10.67 | 18.85 2.22 0.0562 | Bal.

F2 SCSI3A A7 v L A0 b5 K (wt%)

C Si Mn P S Ni Cr N Fe
F15 0.052 1.39 0.58 | 0.022 | 0.016 | 8.38 | 20.01 | 0.0358 | Bal.
F8 0.062 | 0.73 0.59 | 0.024 | 0.017 8.96 20.06 | 0.0326 | Bal.

U U

7 7

(a) SCS14A (F8)

(b) SCS14A (F15)

(c) SCS14A (F23)

X1 SCSI4A A7 ¥ L ASHD~ 7 Tl & &R T, 3E) TR
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= it 72 5|ERR S By Evh—RES,
= £, 55 2 0
Type o | REMEH | OWO) | yp) (MPa) %) HV(1kg)
SCS14A 400°C x
(F23) 235 30,000h 0 o - _ 231
119 AREF 10 463 630 50 262
SCS14A N
(F15) o
16.8 4007C x 0 . . . 174
30,000h
Sq | KEH 10 436 525 55 214
SCS14A -
(F8) 400°C x
8.2
40.000h 10 462 601 54 225
SCS13A 145 REERN 10 424 702 47 258
(F15)
72 REFR) 10 477 625 36 235
SCS13A -
(F8) 400°C X
85 _ _ _
10,000h 10 236
— F4nL

M OHAVEIZ A2 > THIRGHEEZ 2L, 7294
MRS R LT A B IE, SCC i
25, BLAE A A S A N2 £ 91
I L 72, 72, GREMITAMICOWTIE, W
Jfizxk LC T-S Jifr. (ASTM E399 o#s) 19
FREL LU 72, 3B IkiE, compact tension, CT %5
B¢, EE125mm D 1/2 4 v F TH A4 A& L7

PRI DL AR 2 Thehdkl & 212,
AR Y 2 3R 3128 3. SCSI4A 13 Mo % & &
SUS316 (25 bRk, SCSI3A 1 Mo =& %3
SUS304 123t bt & 22 > T 5.

2.2 SCC R

SCC #E B ik Br1, 1 k& HM ALK (500ppmB
+ 2ppmLi) % #EARKE & L, 30cc-STP/kg-H,O
DIKFERMSEM (L DH &2 5) BX U8
ppm OMEFFMEM (LA DO &ML I5) TH
fE L7z, MEAEMHETRT—EMEEL L, K
BB o HEMIZK=30MPaym & L7z 7271,
DH &Mo¥aid, RABBG#E 10 HEIZ2> W T,
REFOPEREALEMNLE LT, R=07 ORI
ErAm Lz, ARG CEMLABR~Y M) 7 X%
FAITRT. RO XHIZ, REBMHIZRERN 1 4EH
L7

#F4 WRERRBRER~ M) 7 A

BB | o | BVEIKIE | g pmye | SLERESES
) HERIRIE
Type LS CWCk) (MPay m) ABRIRS (h)
SCS14A | 400°C x
23) | 30000n | ° 30.2 DH |[7,7776
28.3 DO 673.1
F% 10
SCS14A REF] vo3 i "
(F15) : .
400°C X
s0000n | ° 298 DH | 9529
317 DO 673.1
KEF 10
2838 DH 988.9
SCST4A
(F8)
X 30.8 DO | 673.1
4w00cx | o
40,000h
305 DH 988.9
SCS13A 32.2 DO 673.1
REFF 10
(F15)
29.2 DH 982.4
30.3 DO 673.1
K 10
30.9 DH 982.4
SCS13A
(F8)
° 294 DO | 450.7
400°C x 10
10,000h
29.0 DH 982.4
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A ORI IZ, BWER 3mm TYWL, R
Wrim gt L7z, REBK 95mm (&, K& HIES7
ABERE TR B L, SCCHERREIIET VIV
A 70 R 3—T 35 WIIEARTE TS (scanning
electron microscopy, SEM) % W CEii L7z, SCC
HERAEIE, KO X ) ITFERERES (@) K
BRI () Chrd % & & TREAM L 7=

SCC #J# 3 (mm/s) =a(mm) /t(s)

3. EERER
3.1 DO £#0 SCCEREHEBRER

L 320C @ DO 41281 % SCSI4A 27 > L
A5G SCCHEEMIM 2 X 2 1R T. T/, K
MU TP - 7285 % SEM BigE L7/ R % X 2 T B
WRY. K2(a) (b) BL () iF, Fh2Eh SCSI4A
(F15) KEE%) +10CW (T-S) #F, SCSI4A (F8) AW}
+10CW (T-S) ¥ B & OF SCS14A (F8)400°C 4 J5 I i
BUFR) +10CW (T-S) M 28R %2R T, K2
5ETOSMD SCSI4A 7%, £ & 7% SCC #EE % 7R

500 um

(a) SCS14A (F15)
KEERD +10CW (T-S)

(b) SCS14A (F8)
FKIERD+10CW (T-S)
673.1h 673.1h

L, 400C T 4 J5 K O B T I8 7 SCC i
BORESBHE SN K2 FTRIORT LIS, £
OWEEBIEEICK ARG MZRELTED, HH
T % N A 72 SUS316 & 46 6L o i 1 7 g 104D ¢
HoTz.

312, SCSI3A 27 ¥ L A% SCC H J& i 1
RY. F 72, KRR o 7285 % SEM BlEE
L7-RR A2 M3 FEICRT. K3(a) (b) BXU(e) i,
Z L& 1 SCS13A (F15) 4 I %) +10CW (T-S) #1,
SCSI3A (F8) KM%l +10CW (T-S) # & 0F SCS13A
(F8)400C, 1 JiMEf# kR +10CW (T-S)#TH 5.
B2 54T D50 SCS13A 73, B 7 SCC
Za L, 400C T 1 J5 IR O 2 IRERh AT Tld SCC i
DOIEIBE SN o7 K3 TBRIRT X912,
ZOBEHEBEEICKRAG) AR L, WL
%272 SUS304 & Filo g ifi g 10V C @ 5 7.

4 &£ 512 DO k> SCC Wi g R o &
Bl%Rd. KM4(a)id, SCSI4A (F8) FM4h +10CW
(T-S) @, [l X (b) i SCSI3A (F8) & B %) +10CW
(T-S) DFETH%HHGELET (electron back scattering
diffraction, EBSD) 12 X 245 TH 5. KH 5,
SCCIixERMIHICA — AT+ 4 MEKHNZERE (X

2 mm 2mm
500 pm ~500 um

(c) SCSI4A(F8)
BBER*+10CW (T-S)
673.1h

ABRBEE ¢ 320C, 500ppmB+2pmLi, 8ppm DO,, K = 30MPa-m 1/2
B4 400 X 40,000h

X2  SCCE X ER R 0l I Bl 235 5 (SCS14A)
(LB Vv v~ 7axa—F)
(FESEMIC & % i KB (BEH i & RBCH DA IRIE) )



SCC 1
2 mm

500 um
(a) SCSI3A(F15)
FKIER)+10CW (T-S)
673.1h

al
SCC |
2 mm
500 um

(b) SCSI13A (F8)
KRN +10CW (T-S)
673.1h

SCC/'

500 um

(c) SCSI3A(F8)
BIHR) ¥ +10CW (T-S)
450.7h

AERBISE ¢ 320°C, 500ppmB+2pmLi, 8ppm DO,, K = 30MPa-m 2
BRI 400C x 10,000h

X3 SCCHEJE 3 ER 1% i T B 235K S (SCS13A)
(FBE:FY V<A 70 Ra—F)
(B :SEMIC X 3 KRBES (IS B 1T FH YA I2HIS))

B —

IGSCC(y/r.a/7r)
IGSCC(r/y.,a/7v)

—>
FEE / P

TGSCC(7)

TGSCC(71)

(a) SCSI4A (F8) RK;%h+10CW (T-S) (b) SCS13A (F8) AH§#)+10CW (T-S)

SHERBREE 1 320C, 500ppmB+2pmLi, 8ppm DO,, K = 30MPa-m !/ ?

4 SCCIvr i B g3# R OB (EBSDA#E b i X))

163



164

(a) SCS14A (F15) K&K&h+10CW (T-S)

7 1)

(b) SCS14A (F8) #H#)+10CW (T-S)
kR 1 400°C < 40kh

SREREEES ¢ 3207, 500ppmB+2pmLi, 8ppm DOy, K = 30MPa-m /2

B5  SCCHrif Big R D (SEMI%)

H1TGSCC(y)) L, DB+ —AFF A b/ F—2%
74 MR (M IGSCC(y/y), BLU7 254
/A —=ZAT7FA MRE (B IGSCC(ary)) % i
BLTHBY, A7 YL ASEESRE Ty O 0
NTWwW5aSCCHERKBEEMThH72. 72, KW
5(a)IZR L7z & 912, SCS14A (F15) K% +10CW
(T-S) Ti&, SCCH7 x4 MNIENER, KA
SIS % b ODBEE I, Bk T B IO Rl 2
BERA DA, 7 =94 MoK NEZBIgSh
ol KE5MICRLZE DI, KIREH OB
W% I 2 72 SCS14A (F8)400°C 4 J7 B [Hl 2 K5 %h +10
CW(T-S)MTDOH, 754 MK PIER (K
o-TG)HBEIN, THITRFEMOBKERIZLD
T4 MHDBE v B — AR E T HV(259) =750 %
TH L L7720 EZHN5.

3.2 DH%Z#O SCCERKHEBRER

DH &2 BF 5 A5 » L Z855 0 SCC #E B
Mz 6I1Rd. K6 FEIZK2 &, R TEIZE
LM —DMELEETHDL. ETOREDAT VL
A8 T SCCHERPBIEZE I NP 72, T,
W74 MaAE (15 & 23%) T, REFEER)

B ORI % F0 L 72 SCC M % 7R~
b EVREBRE T, 1E2 B2 2 MR %
i L7228, SCC#EENBIL I NLh o7z,

DH 4T3, DLLoM ST, SCC #EkA 8
BANT, KEMERBETICBU 5 SCC HEEEEIL,
S ff (SCS14A & SCSI13A), $hit ik (i
L), 794 Mok (7T~23%), BLU
WM 10CW) SRS ero .

33 BEREMKEN

ZNZN SCC MM 2> & K ed 72 SCC e Ji ki i
% 400C OABFRIFERIIC LT ay LD D%
X8Ry, Kb (WM, O & &) THRLZ
DO 4+ Tix, SCSI4A, SCSI3A & 12 SCC #EJ#
PBE SN, Zo SCC #EMEIX, 400C T 1 K
B E CORRERTIED E DL L 2V, 400C T
4 TR O BIRER) T, BEFIRES N, T2 T4
ki 15% @ SCSI4A (X350, 10CW SCS14A (a =
15%) #) (&, MO EG I R T SCC A i B
PETEL, 7294 MaHRIRGEEDRIBES NS,
—HFT, Mk (R, O @ <O, O) TrRLZ
DH 4T, DO &t Tk o8 & h 7z Kk i
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2 mm No SCC

(a) SCSI4A (F15) (b) SCSI4A (F8) (c) SCSI4A (F8)
RBEA+10CW (T-S) I +10CW (T-5) AUREA)T+10CW (T-5)
988.9h 988.9h 988.9h

2 mm

2 mm No SCC 2 mm

(d) SCS13A(F15) (e) SCSI3A(F8) (f) SCSI3A(F8)
KIERN+10CW (T-S) HKIFR)+10CW (T-S) BUFFRY 2+ 10CW (T-S)
982.4h 982.4h 982.4h

2 mm

SERERRE © 320C, 500ppmB+2pmLi, DH:30cc-STP/kg-H,0, K = 30MPa-m 2
L B Sk 400°C X 40,000h, *2 ¢ BEEsh Stk 400C x 10,000k

P16 SCCHElER R DIHIBIL KR (FYF V<4 ruxa—7)

165

~/

2 mm NoSCC 2mm

(a) SCS14A (F23) (b) SCS14A (F15)
BAIRERY BRI
7,777.6h 9,529h

AERBRIE 320, 500ppmB+2pmlLi,
DH:30cc-STP/kg-H,0,
K = 30MPa-m''?

BRI 4 400C X 30,000h

X7 SCCt Je 5kl e D il I 5% 45 5

BHERY (400C T4 ) MZ2ED, £TORN
T SCC R IIBIZ I N h o7z,
AT vV AFHE, MBI 294 MIEED
XY, MBS, mESHEMT 5. 72,
WM TR BB X - T, MEBREDHINT 5
DT, FI3ITRLMEITH LT, SCC %

Fay bL, FOZEEE L. 912 SCC #t
EHE A M oM S I LT Tay M LTRT.
Wi 7=, &N %z 72 SUS316 @ DO 41+
(R x) & DH 4t (KR x) @ SCC A g 8
Ji 10 2 [l LR T
Ze T, 400°C T 4 )5 W I o B R B o

SCC e #EE (XMhEm, XTI %
ARL72) &, SUS316 @ 290°C @ SCC g 12 ke
RTHNDS, ZNUSDZF >~ L 288 D SCC e
EAE (KhE (B, €)) 1& SUS316 » SCC
HE (RpEx) X)HETEY. ERBREO
HENDEZETLE, DOEMIIBITL AT VL A
> SCC AR X, #HED AT » L A~
TEHETREBVWHERTH 2. RIFM KR (400C T4
JIRER) M & BRE, S (SCSI14A & SCS13A)
DENZ X % SCC MR ML DA IIBIR I N,
DH 4 Tid, & TO4M T SCC #EIEBliL S
Mg, SUS316 @ SCC i J B (HMhk x) &
NThH, TNS5DAF L A D SCC g i i
T T
PDLEo#RA» S, DO &8 X O DH &9 SCC
MEEZEE, KERLY, HEELRABEMAE
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320°C, B:500ppm, Li:2ppm

1E-5 | po,DH
B, H:10CW SCS14A( or=8%)
O, O:10CW SCS14A( ar=15%)
., ®:10CW SCS13A(a =8%) il
1E-6 . O:10CW SCS13A(@=15%) [~
O :SCS14A(@=15,23%)
Q g [po]
£ o
B 1 = B I
% 0
(&)
= T T T SRR
[DH]
— r'3 [
mgﬁ 3 B
10,000 20,000 30,000 40,000

8 SCCHEEEED T =54 i & AWK

1.E-5 1
320°C, B:500ppm, Li:2ppm
5 X :SUS316(T-S)(D0,290°C)"”
400°C-40kh x :SUS316(T-8) (DH)"®
1E6 b DO, DH
M, M:10CW SCS14A(=8,15%)
_ , @ :10CW SCS13A(@=8,15%)
4 —X O:SCS14A(0=15,23%)
£ ol o
E BT b Fooooome
% =
(O] X 7
o
X
X
Y
1.E-8 [vrresesnnnns oD
/ X
X
1.E-9 e w L
100 v 200 300 400
HV(1kg)

9 SCCHERHELIZ T3 HE S DR

PBEEINT. A7 LA (%) 2BWTh,
DO 412 He T DH 4: 4T SCC o Ji 8 BE 3 32 <
%0, WEEMEAESHERINTVED, ATV
L 2§13 DH §efF T4 < SCC R B INT,
ZOBEBMKAEIHETH L. Lo T, R
7 v L AgHME, #fE (SCSI4A & SCS13A),
R Ga s & ighk), 7 ~ 23% OO 7 «
54 ME, 400C T4 TR TOBERIB X O
10% F TOHMMIIZHH Db 5F, 320C D 1 K&
HIMBREE T CHEEN 2N SCC V% 7R3 2 & A%
fFEhs.

4, BE

AWFGeRET NS, AF v L AL, 320C D
PWRI1 & HIM B BREE T (IRFEERBE) T, BH

% 7 SCC e JR #ilE 1 % 7% L, DO & (FEML
BREE) Tk, ABERSCCHEREZRTIENS, B
it 72 SCC B DM BN R S Nz 2
@ PWRI1 W EIM Br 35T o> SCC 7t J 399 il 1 1) 1k
754 MMlEEL AT L AHEHESE O SCC
HEREFHEFPLTHBEDOT, 7254 MAZD
SCC e M AT & s %2 F72 L Tw b
boLiEgRIng. ZOBENTN SCC YD FEM A
= ANE, BIRAWRETH 575, %2 5N 5
WY x2E%HET5.

41 774 PEICKZHFIzIR

7 =74 MIOHEFES, SCC g g B AR
FHEO—HTHDH551E, 7254 MOEREE
VR A0 5 D O BEMARLNED D B W HetED D
5. €T, WlBifh CT BRI O MR 1b Bz B i %2
MRZKI10127R”Y. K10(a) ® DH $&MTld, ki
ROBEERDONEI DT, 72514 M
(GEAf o) &, HBEWERZS. —F, FHObO) O
DO 4T, 7 =54 M LOBEEEY S, +—
AT F A4 MR TES WD, 7254 MLk
BIAL A Z S (BEAYH o). L7z25>T, DO %k
tEcix, LtLA7x2I5 4 MILEOBILEREAZ <,
BRBEPBRINS), DHEMTIX, 7294
M EICIZBALZ RS IZ E A SIS, 2ok
I RIREMBEE T CHELROR W EAREE N
b, INHR—D2OHORTLHERINS.

PWRI1 K HMEEERE T oW B T2 mz 72
SUS316 (20CW) D¥pfy, £ O#EEitEiE, 13T
LK FITH L. Ao, BIELZRMLIE
WAKFDOAT v L AFHMOY;4, SCC NI,
F—AFF A MKW, ZOHK SR H]E
T ERAEL Oy REFL, a/y MHIBEHY) R %I
MBS, REGHZARRM (400C T4 J7REH)
& 7294 MHORMNIZER L v, DH &M
?® SUS316 @ SCC #EM A ST 5 L, AT
YU A S DH & TR AR (/y W, a/y
BT OMBERMEELRT LHEINL, 7254
MHIZ, ZOEFEICLD, HERIHEVWIEIRTH
BT 20T, Thh SCCHEERBKOMERNT& L
T ZeNEzo5N%. K5(a) Tk, DO SKMHT
EH B, 754 MHDSCC H#ERE I
L, SCC»B7 =74 MIWELEL 2%, AAI124H
I LTw5sb, 2oL, 7294 FMMEAHSCC i



BExrHELZbOEEZ BN, F/2, SCSI4A(F15)
+10CW (T-S) #4 ® SCC M J 2 B 1%, Mook St
WCHRTEWIEEHEST S, LA HT, 20
7 =74 MHIZ, DO FEHICBWTHIHIATFTH Y,
DH &fFiZBWVTd, HkoWHIvRgsIns. K
IR LZ2ED1E, AF vV ASBMOYL, 0
T4 MHIE, WbhWwsEIRIZOHRL, 57T
A ¥ (F15, F23) Tid, HEGHMEY (E&I 2
oyCTRI3HAIZuY) WEEZRT. TOXHR
ERETT7 =74 MPFET 286121, M5()
TRL72E 912, SCC OERMEINT-L 5D H 5.

(a) DHEAF(41HZE)
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4.2 RPFERICK 2MFIRIR

MHOBESERDN S, 7 =5 4 MAOKE £ <,
Z D5 EUIREEAY SCC e % Il 3 2 W HEPEA & W
CEERLZED, H4@ TRLZEIHIE 725
A PEDOAD %0 SCSI4A X, RFMICRUL, +—
25 F A4 MHOKR (7/7-1G) Z&te. L7zd> T,
7254 MHOFEAEZTT, AF YL AMD
SCC #EJEAS, T L7z SUS316 £ 1 & B2
BV LIS TERWDT, A7 ¥ L AHHOR
BYERIZDOWTE 2 5. 1212 SCS14A (F8) #1 @
EBSD 12 & &SRR %2 R A%, 2 DM EL O

(b) DOZM: (28 HE )

10 SCS14A (F8) +10CWH DAL B Il 5354 5

100U m
(a) SCS14A (F8)

(b) SCS14A (F15)

100 4 m 100 4 m

(c) SCSI14A (F23)

K11 A5 > L 28D I 7 affliko 35
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RIS TR E C, WEH PN O FHIT R T,
SmmPLETHo72 AT, ZO—EEILKT S L,
BRI BROBMILEEZZE L TwD (KPR E OB
Basy/y KAL), COBERRNS, AT L A
$D y/y REFOWAT H IR, SCC #JE o FHEEA
LT b EHEEESNS.

WIZ, AT v L AW OLFAENI DN TE R 5.
FK2L3ITRLEEIIE, TRODAT VL A5
(&, SUS316 & % i SUS304 & F LMK T
HBH. —HIZ, CrhmrEms e, k%<
D754 MAZELDT, IThSDILFEME DR
BlIZEoT, 7294 MZEHIEL. L5I1TR
L7zk918, MBoREEICHETSLCrid, 7
T A4 MMHFIZ 25% BRESE SN, F—AFTF A b
HIHIZIE 20% FEESRLS NS, F— AT F 4 M
o CriffEICEHT A&, 29 20%Cr 1% SUS316
D 16%Cr i3 LT, #4% &\, ETVEETH
V72, SCC &Yk Cr i EERAFE O #5119 Tig,
PWR1 K& HMBRE T TH > Td, CrigEodEn
X SCC 2l 4. L7z oT, TOF—ATF
A MO CrighEd, SCCHERIIHICHFLS-LTw
5b0DLEZLNS.

v/ v R
5.2 mm r
b\
— o —r

(a) SCS14A (F8) (b) SUS316
X112 EBSDIC & % ##% & 5L X o FLig

75 SCSI4A (F23, F15, F8) O &AL EHLK (wt.%)

Fe Ni Cr Si Mo Mn
F23a | 63.78 | 557 | 2552 | 1.67 | 2.91 | 0.55
F15a | 64.67 | 5.17 | 24.62 | 1.35 | 3.39 | 0.80
F8a | 63.55| 554 | 2532 | 1.05 | 3.65 | 0.89
F23y | 66.28 | 9.46 | 20.13 | 1.40 | 1.84 | 0.89
F15y | 66.98 | 9.15 | 19.64 | 1.24 | 2.02 | 0.97
F8y | 65.82| 10.0 | 20.03 | 0.94 | 2.20 | 1.01

5. ¥&8

AT v L AGHMO 1 RS HB K T o SCC i
BEBE S, UTORREH.

KFHMSEM (320C, 500ppmB+2ppmLi, DH:
30cc-STP/kg-H,0)

(1)$i fE (SCS14A & SCS13A), ML (10% &
BN 2hb 563, Fizk SCCHERIIBILS
Nz,

(2)MR MG TSR % SCC A D NH DT
SN BEERD (400C T4 HHE) #Tdh, KEM
BT CI3A ML SCC R IFBER I v,

U EDKRENS, A5 ¥ L A IE PWRL &
WM BREE T TN SCC R Z R,
Dk RNz SCC T ERTHENT &
LT, UTo3A3EZLNS.
D7 =74 MHIZ X 26 P
QHABLV7 =54 MAOEFT BEIRICX %
HE JE )
@ Cr &A1 X 2 H U £r i)
DEENREPHEINDL. I NSDOFEIZOV
T, SHBRELRLFMMESLETH 5.

W8 3% 4 4= 1+ (320C, 500ppmB+2ppmLi, DO:
8ppm)

(1)$i fE (SCS14A & SCS13A), &ML (10% &%
BN 225 b 67, RO SCC #Ek 2 Hi%E
b,

(2)400C T 1 JT e £ TO BRI & 5 SCC A g
HEEDZEALIZEED B \wAs, 4007C T 4 J7 By [y
BT, BEFICERAESNE I NG,

(3)SCC Ht Mz Ix, HEEMM T —ATF A4 M
DORHNAEL (»-TGSCC) &R L, ZOHBMAR (y/y-
IGSCC, a/y FtH) TH o7z, KREFRIM B X OB
% (400C T 1 5 HEHEER)) # T, 7274 M
DR NEIIIERE SN h o 7225, 400C T4 JTkF
BRI CTlX, 774 MHOD TG-SCC 2B S 1,
CAUIBIERNIC L D 7 =T 4 MM L L 2270 &
EZbNb. ZO7x54 MIO TG-SCC», E
IRE [H] ZAIRE R A1 C SCC H#EJR DS HIE & 5 I & %2
INb.

U EOFERNS, A7 v L Ao SCC #EJEIZ



I3, I I FE A IR S B,

KEfGe % BATT HI2H 720, KFEFERHE R &
RSO FEIEICH 72> TE, WETFHEEY AT 4
WEZERT MR Vv —7 K AR, FRERK
B ANIROZ KM INH 72, TOREMED T
WEERLTT.
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