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Stress Corrosion Cracking of Stainless Steels under Deaerated High-Temperature Water
— Influence of Grain Boundary Carbide Precipitation, and Effect of Mo and Cr in Alloys —

I R (Takuyo Yamada) * FH 75 (Takumi Terachi) *
WA kM (Tomoki Miyvamoto) * A 2% (Koji Arioka) *

EH FiEMTIE, BEMSEETICZBITS AT L 24 SUS316 O FRS g RS BIE$h 7
RALH OREEH P25 728, 320T OBLAHAB L OKFERM (0.3ppm) HiAH TE S (t)12.5mm
DAy b7 v ar (compact tension, CT) B 2 - S2ERRBL L, o
DOBEEFTO SUS316 DRRANS B EFN X 2RI, 72 2 Cr RZBVIFIELZE LTS,
FIRALMINTHIC X o CTHII S NA Z L 2R L7z, ARTIZEHIE, (A Mo2ETFHWAT VLR
1 SUS304, (b) B CrigfEs 20% £ CTHMS 720 CriREAT Y LA, BI () Wi
Cr RZJE D &% ME S & AT I % 5545 872 Cr RZMEM 2 5l Rl 2, & 2R
WA TR T AT IR D58 B X OB Mo & Cr iR O 8 % FEERNICRGET L 72,

ZORRE, (D)WBMT L7 SUS316 B X OF SUS304 38 L D 2 Win A bLIREE T H b g sl
OMERPBIE SN, BHERBIINATH -7z 2)§ifift (650T x 24h & 48h) RETIX, WH
LD XFUERNITEAEBIZ SN Lo 72, (3)SUS3L6 & SUS304 @ & ZLME R ENIC K X g v i
Woheh ol (4% CrigEH (CW20% 20Cr316, CW20% 20Cr304) &, BHEDAT ¥ L AH
AT, L2 SCCHHIZIEDG R ON 275, ZOREEIRMAWITHICEIZ2DDL ) H/AS
(G) S b (650T x 24h & 48h) IRFER X OF Cr RZMEM TlE, ZHD MxCHI Dk R AL D 1f
TEEMER L. Z OBERLM & S DR A & 2R 2B 08 W &R O AL IR 2 &,
B ESKRERM (0.3 ppm) FAKFTORF v L AR FRIS NG AR IRZMEE, B
® Mo & Cr, WO Cr REBOFEII»Hb 5T, WAGAITHIZL > Tl S D 2 & H3Hk
ENT.

F—TU—F 27 rVUAH, RAEUSEAEEN, BURERK, $iBdl, RRRLY, Cr RZRERE, By

Abstract In order to evaluate the influence of grain boundary carbide on IGSCC susceptibility
of stainless steel, crack growth rate tests were performed under deaerated or 0.3 ppm hydrogenated
pure water environments at 320° C using half-inch compact tension (CT) specimens. In our
previous report, CT testing showed that the susceptibility of CW316 to IGSCC was inhibited by the
precipitation of grain boundary carbide under these environments. The result suggested quite
different behavior from that in an oxygenated high-temperature water environment. In this study,
the influence of (1) Mo and (2) Cr content in alloys, and (3) Cr depletion at the grain boundary on
the IGSCC growth behavior in stainless steel was studied at 320C under a 0.3-ppm hydrogenated
pure-water environment.

As a result, (1) IGSCC growth was observed on non-sensitized CW20%316, CW20%304,
CW20%20Cr316, and CW20%20Cr304 under a 0.3-ppm hydrogenated pure-water environment at
320C . (2) IGSCC growth was not observed for sensitized CW20%316 and CW20%304 (at 650TC x 48
or 24 h) and healing heat-treated CW20%316 (at 650C x 48 h + 900C x 0.5 h) under the same water
environment. (3) The susceptibility of high Cr content materials (CW20%20Cr316 and CW20%
20Cr304) to IGSCC resistance was improved that of conventional CW316 and CW304 under the same
water environment. The higher Cr content is effective in inhibiting susceptibility to IGSCC, but the
inhibiting effect of Cr content is smaller than the effect of the grain boundary carbide. (4) These
differences in IGSCC suggest that grain boundary carbide has a beneficial effect in improving IGSCC
resistance, at least in a 0.3-ppm hydrogenated pure-water environment, despite the Mo content and
Cr depletion at grain boundary.

Keywords stainless steel, intergranular stress corrosion cracking, deaerated high temperature water,
sensitization, grain boundary carbide, healing heat treatment, Light Water Reactor
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1. [UBIC

PSR IN L & 2 7236, RSB R 7
¥ L 24 (SUS3I6L 7 &) THRAIEIEEE N
(intergranular stress corrosion cracking, IGSCC)
HIFEA G % B HI AR — 5 O BEOK B - ) 6
(K ENE 747 (boiling water reactor, BWR) 12
BUFbva7y FiE) THRESHTWRU. 20
HED—>2L LT, IGSCC EZMEABREED B DL
Bz nl enb, KRFEEALEIZL YRR
MEOELZ T2 %0 ENIO BWR 77 >~ b
THICHEDONTVD. LEDX) RERDND,
IGSCC &z ol 2 Hi & 3 2 MR E, KFE
HEAL EOFEBBRTEOEAE B T 2 72 ME AL T
H5H. L LMEKRETH (pressurized water
reactor, PWR) O 1 R&EHM D X I ICkFE2 &L
TAKHIZ BV TIE, BRI R G @ < R EH RIS )1
fr#l 1 (irradiation assisted stress corrosion crack-
ing, IASCC) ® 7z Eh¢sk 2 Bl 2 BT, FEA T
VU ASBLAE T SCCHAEFHI Lh o722 L2 b,
COMOIKENBRIETHO AT ¥ L A8 D IGSCC 12
T BWMRBNIRE T TR\,

FERZ M2 1E Totsuka % Smialowska 6 @G 4
BOO©O FHESH O~k FEMN X EGEEE
(constant elongation rate technique, CERT) #REx|Z
X0, MLz AT v VASIPKEZEZRML 72
K H T SCC =M A2 RO WREME Z i L Tw»
%. Andresen H WD~ Z /L L T w2 w
SUS316 D& WM L2 i 2 72 Mk 2 ll v 72 & 2R
(compact tension, CT) #REET, fERMPE ST
% IGSCC D R BMICH T 5wk FRE
(18cc/kg-H:0 DH:) @ 288° C #iKkH T, BeFEx &
CEMOBOEMFICHER X ERAE IR S D
DD IGSCC DHEJEZ EEHHIT 5 2 L IZEEETH
ZEBFREEZREL TS, MAT, CTRBRIC X
% [l fl o0 SR ks B2 1%, Shoji & (16, Castano 5173
JOFEHLW~QURL JHEIN TV S,

—F, FEHZHITOACO~CKRF A2 ETIRBAAD
EmE ) BT TAT v L A0 IGSCC &I K
ZTHEIN T 0% CERT BTG L 724 #
A FURACH) % R ST S % 2 & 12X D) IGSCC
BZEEHH I NZ v, EROBBEEZGLEV
BB TOMALE EL RRLHEREZH{ TS, L
AL, CERT BRI EA T 2 @ iy I3t § 2 75
B LTEMTIED 525, RN 2 & = IEF

fili L V3 FEFR AR S

ZZT, ADHR IV —TTIE, ZORKER
KPTHOAT VL AGD SCC & ZLE R HFE I KT T
FHEN T OB 57— 57 % R T
HY, $Z SCC DIEfFIR D HER & L T Higm e &1
A ST RE 2% E RERRBR L ERL TE /2. Z0
W WHEIMToREIZOWTIE, HRINTEOR
IctE v S ZERFES R 2D 2 L, FMLH
WMOWBEEZZ 5L % BICHE L TW5 @),
KL AL S & 5 SCC #IflAIRICO W T, K
BASMTICB 5 SUS316 R FRRS G £Eh
BT TR RA DB E TR D 720, 320C DO
AAiAkB X UKERI (0.3ppm) HikHTa s
7 & T rya YHRER R S R ERERE
FhaL, P &b FEBREHTO SUS3L6 Ok FA
IS B EEN SR, 728 2 Cr RZEVAE
L7cE LT, RARMAATHICE > TSNS
TEEMALTEY®, ZofRIBErEbEE
MERBETORB L IIL L. 22T, A#HTIX
51T, EEMEESE T SCC AR L b b4
B Mo & Cr OB ZHLNZT 5720, (1)
Mo Z& WA T ¥ L A SUS304, (2)R:Hho
CriftfEa 20% F CHIMS B8 CriffE x5 v L A
i, BLO(3)Cr REZEDHA % MIHE SRR ALY
Br it % 5% AF S 72 Cr RZ MG % 7 72 12 FHAlliok 52
Wz, &EZ4MERASENC RAT SRR AT 0%
2B XOBRH R Mo & CriEnE %2 et L7z,

2. EBRFE
2.1 M

HabE, X7~ L AH SUS316, SUS304 35 & O
MAT YLV AEERMBEE L, CrE2DA 20% %
TR SEALL 0 (DL, 20Cr316, 20Cr304 &
9) T, 1060C T 1 K OB MILILEE R, K L7z
DOEIAFZME L2, RS DMObrRk % 3
1R

A @ [ BR, RALITIR OB ZRRL 720, Bk
WA IRE DR 7 2 SFHHOFM 2 MM L 72, §
bbb, ORFHAM D VFEM L L CEE DR
WAL (DLRE, FESLMALA L i d), @R R R
(LLB%, #ifB1b (650C x 1h) #EF¥) B L OO+
Dl m DR O 5 FEM (Fift (650T x 24 &
5\ % 48h) M EFRT) L LT, ThZEN650C X
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C Si Mn P S Cr Ni Mo Fe

SUS316 | 0.05 0.44 1.42 | 0.0024 | 0.0005 | 16.47 | 11.05 | 2.08 Bal.

SUS304 | 0.04 0.31 1.57 | 0.0029 | 0.001 | 18.33 | 9.21 - Bal.

20Cr316 | 0.058 | 0.45 1.41 | 0.006 | 0.001 | 19.80 | 10.95 | 2.03 Bal.

20Cr304 | 0.058 | 0.46 1.45 | 0.004 | 0.001 | 19.95 | 10.05 - Bal.
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#2 1/2TCT iR RUeskit—%

AP WA
. SUS316 (1060C x 1h WQ)
SUS316 gk fLt 1 . BHEL (EFH20%)
SUS316 (1060C x 1h WQ)
SUS316 $ifgft (650C x 1h) #*!1 +  BiEomELEL (650C x 1h)
+ WHELE (E T 20%)

SUS316 #iigfk (6507 x 48h) #* 1

SUS316 (1060C x 1h  WQ)

+
+

BLEALLIE (650C x 48h)
W HERE (H T 20%)

(a) SUS304 JEHLMBALS

SUS304 (1060C x 100min  WQ)

+

WHERE (£ T3 20%)

(b) SUS304 Hifgft (650C x 1h) #F

SUS304 (1060C % 100min  WQ)

+
—+

SiomESLEL (650C % 1h)
WHEE (ETFH20%)

(c) SUS304 $ifgfk (650C x 24h) #f

SUS304 (1060C % 100min  WQ)

+
+

iz (650C x 24h)
WHEE (EFE20%)

(d) 20Cr316 FEgiMEAL

SUS316 % Cr20% (1060C X 100min  WQ)

+

WHERE (T3 20%)

(e) 20Cr304 FESLMALH

SUS304 5% Cr20% (1060C x 100min  WQ)

+

WHERE (E T3 20%)

(f) SUS316Cr K ZmA5EAS

SUS316 (1060C % 100min  WQ)

+
+
+

i ALBLE (650C x 48h)
Cr RZ AP (900C x 0.5h)
WHEE (EFE20%)

* 1 pigecs”

3w A & RRER P BRI B o> B #R

1h & 24h & %\ 1% 48h OHBALM % EE L7z, %
B, SUS304 Db sk, M1IWCRT LH I
650C T 24h DIREIZfafIE A1 2 7R3 DT, 24h D51
ZEE L7, BEb CriRESRBEHEH O R Cr A7
YUV AoV TIE, MM R L. 7,

Cr RZJED A% E S & RALWH I 25 AE S & 72
Cr RZIEMIZDOWTIL, MBI (650T x 24

F 7213 48h) EIEAM L L, Fr OB % B
FHL, BoEfhEEE Lz, DUTFICZE O 2 k-~
%. RFURALMASHE SR I Cr RZE D AET
B L2 g T 5 720, 80T, 900T &
950C @ 3 ST 0.5h DB ZHEL 72, Zh
50 Cr RZMEH O SEM k% X 2 12K,
SUS304 27 >~ L 24 Ti&, 850C % 0.5h DT
DIV RMES, SELE B Ih7-0T, CrRZ
JEix e ITiZmE LTy, —75 950T x 0.5h T
&, BUBALEEIZ 0 & 72 o 728, HHRRBIEH A Sk
AL AIFE A EHEL TV, A7 L A
SUS316 I2BWTd, 950T x 0.5h DFEMATIE, K
FRAC ASA 5 B SN 720 T, fd St
& L CTHIMBALEE 0% @ 900C x 0.5h Z®E L7z, =
NORE L OFMIT, SRS T H%, STHENLT
ML 7%, ASME E399 12X ) D S5NZEX (1)
12.5mm ®a>87 b -5 ar (BT 1/2TCT
ERT) R A RILL, ZZMERRBIIEL
WML ERCOGMELZE L, 1 HOETF
(WA ®) %% 0.5mm, 24 /XA TH BT



L, MEDETERE 20% & L7z 1/2TCT REF
&, K3 IRT &) IS THEEM O T-S Hfih S
MU7. fie R ORISR ME —BE L
THE2ITRT.

22 HERAE

(1) ZZMEh s 3l
ABIIBMERV -T2 EFT 5 3 M ORI E
WEEARBEEZHWT, SZLWm oLk
B (K l) #%30 MPaym 2% 5 & 9 — &M E % il
ZFERM L7, FREBH I ASME E39 12X ) ED BN
72 1/2TCT B H & L7z, BBRIRBIAKICIZER )
0.1 uS/cm LT OMMAKZMEH L, EAAKEIREO0.3
ppm D4 T X 2L R E EIE L 72, 2RO
BRI 1 A & L, RBRHET #1298 57 ik
WCCHmEZRR L% TV VAL suRra—-T
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BLOERTETHMSE (scanning electron micros-
copy, SEM) 12X D ZRESIZMWEL 2. ERES
BEEhAmroENShzESEL, e X3
JEDSRD N I LT, Bmomy A R
2.5 mm % B < P OEC 5 HEHI L 22l o &
W L7z —7, SREREIEL, KRR
W UDFAE L o 73BT 12D W Tid, Hhdfifo
MmosmfEr BN L, —fkeEREMEL THY
DEFMREEZFEIL L7

(2) &AM, M, SBLEB LI RAOF v I
gy E¥—a v
WIS X 2 TR B & O8ibic X % k1t
YRR 2 B3 5 728, 1/2TCT REH %2 — 8
Lo L, BREOHFEmMER K 70 trY
v (1:3:2= R 3R 7)) V) 1230 BigiET v
F 7 L SEM THIZ£ L 7-.

(a)FEiE1E+CW20 (b) $i8H1E (c) 8§81t
(650C X 1Th)+CW20  (650°C x 24,48h)+CW20

SUS316

. SCC 2HIER

4 EZGERFERZOBmBISHEE 1
(REpBaE 0 320C, BAAFE0.3ppm)#ik< 0.1 xS/cm, K = 30MPa - m™?, 30 H)
FB@)  SUSI6 DF TV V<A 7axa—7%, B SUS4 DOFIV IV Af7aRa—T71H,
TE : SUS304 @ SEM 1%
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(d) 20Cr3163ksimt
+CW20

+CW20

(€) 20Cr3043ksRE1L

(f) SUS316Crx =z [El1&
(650°C X 48h+900°C X 0.5h)

5 EZLERAERZ OB MBS 2
(FRERBRES @ 320C, WAE/AKFE(0.3ppm)FiAk< 0.1 uS/cm, K = 30MPa - m'? 30 H)
LB FUI ML s uRa—TFg TE : SEM#%

B HEM OB TEE B X OSBRI S % i 5 1
WCHERR T %728, il S B X OBLALE 2 W L7z,
HWRIMIM OB S &, 7A AR E v A — AR
FFMVK-H2 12 & ), 5 1kg THK4 5 mbl il
L P & U7z, SR 1A IS M A T R 4
SEALEE N 2 2% DOS TESTER A-94 THlE L7z,
7o, WHEIMTIHE MTHES VT v 4 MEOA
R OBREZMHERT L7202, W74 v x—-A
AMNVRAYIMET 24 PR3 =7 MP30 T, #
BE O REVEAHLRR R 2 0 L7z

F7z, X0 EEH R RALAT IR O Bl B & Uk
FHE G ZAT) 720, EBEFHMEE (transmis-
sion electron microscopy, TEM) B X T AV F—
S X #% (energy dispersive X-ray, EDX) Z#7F
#{f-7:. TEM H¥ ¥ 7id, 0.3mm & SFEEIC
Yo L7238 %2 = 2 ) —F K T 100 ~ 200 um
JE XA, N FT3mm o I B EH
R L7, ZOTEMHT 4 227 % -50 ~-60C
5% MR+ 2 &/ — VIEHh, 40V T A -
Yz v bBBHIELEEICTILEZ 22, TEM 3k &
L7:. TEM %%, W#ERE 300kV TIT\vy, #H
f} I8 » SEM, & ARZE @8 7 M S 1% (scanning

transmission electron microscopy, STEM) 1 %%%%
BB X EDX AArE &2 M L 7.

3. ERERBSIUVEE
30 ZRERHBRER

il 25) THE L 72 SUS316 0 X 2458 Ji SRR 1% 0 1
(Fysnv=<Arazxa—7%) #X40LEEICHESE
5. MG (FYFL<A 70 a—TB)
BLOTE (SEM) (2 SUS304 DfERZRT. &5
12, M6(a)(b) & (o) ICFMMBEEREERT. K4
(a) FEICN T & 912, SUS304 FES AL < ig,
SUS316 & [ikkICA &7 SCC & 2ot I il i A Bl 53
Eh, K4 TBRICZORE[AZRT LI, 20
WK AR CH L. T2, 20 SCC &84T,
6(a) DWIHIBIERE RATR T & 512, RIS
A3 LT 60 ~ 80° vy 7= 5 IS 43 U CHER LT
BY, ITNHFESEMD SUS3L6 LFBEOFEETH 5.
—7, 40 HEICH B X912, SUS304 HifAL
(650C x 1h) MITBVWTHAE LKA SCC X5
DR ABIR SN DAY, ZFOMERRIZHEELH
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(@)SUS3043Esa{t  (b) SUS3048%E1E (c) SUS304i 81t
(650°C X 1h)+CW20  (650°C X 24h)+CW20

SCC %¢

g

TAREESS
O "

KA T 2

=

AndEsFey  200um

(d) 20Cr3163E8 @Ak (e) 20Cr304 31t (f) SUS316CrxZal1E

+CW20 +CW20 (650°C X 48h+900°C X 0.5h)
+CW20
SCC &%
! / . 200 pm
ARHPESTEH

6 EZEEABRBEOBENIEBEEE (FY IV 7023 —-T1%)
GRBRBRHE © 320C, BAKFE (0.3ppm) #MAK<0.14S/cm, K = 30MPa-m/2, 30 H)
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1.E-06
g
¢ )
ETEO7 [ A - ‘ 777777777777777777777777777
- [ ]
pid|
5
WAE-08 hommmemee e
R 08 ® 316 (Mo Y)
0 A 1304 (Mo L)
@ :20Cr316 (#5Cr)  »+CW20%
A 5 20Cr304 (#5Cr) A
W : CrRZIn#3164F q
1.E-09 : L 57 £
g Bk A Cr KZ {5
(650C x1h)  (650°C x24.48h)

K7 #KFZAT 2L A X SR T

XD ARwv. X512, SUS304 ik (650C x
24h) MIZBWTIE, K4 TRIZH S &) I2HD
TIRATAIS 1R TG0 72 7 WA T 2SS S 2 SR AT
B oA, HAC)HEREK6()ITRT EHIZ, 3T
AR SCC 2 HoERBMIZBIL I N\, SCC
ERGERFEICERIID S 25, M4 TERICZEDONEH
EFRTIIIC, BHEKEO.3ppm MAKPT, £TH
SCC & MEMBH I AR TH L. 72, Hifbs
% & T SCC & B o o B 28§ 1X, SUS316 &
SUS304 X132 [H U<, IS h3 i b HE R
L, $iffb (650T x 24h & %\ id 48h) HTlxlz &
AEEEREL TV,

5(d) & (e) i, Zh Mo CriRE%
20% F THIMS /- CrigBEAT » L A, MlH
20Cr316 FESBALAS & 20Cr304 FESEBALA D X ZLE
BERABEZETZRT. FEOTY VA 70 A
O — A HMFHITIIAH B % SCC & Ko MR A
Bgsh, MRTEICZOREFZRT LI, £
ORI AT CTH L. WH D & 2k R,
4(a) IR L 7=l% @ SUS316 & 5 i SUS304 12
RTA% L, ZoRETHMTO CrigEORM
i, T SCCIZH LT—EDRARDH B &b
5.

5(f) 1 SUS316 gifft (650C x 48h) # @ Cr
RZIE D I 7% [ S R AT % 5RAE S & 72
SUS316Cr RZHE (650C x 48h + 900C x 0.5h)
o & B R R 2 R 3. WD TRTIIZ 1
AL 72 70 W T MBI S B DY B 705,
5(H) EB6(DICRT LI, AR%E SCC EHDAR
MBI I N

60 SCC &R 2 X ) & Il
%7212, SCC & RAEJRMM A & & RAEJE 7 % FEH

L, RBFERcHYy, 2EREEL RO TOH
BEXT7IIRY. T3, MooEEEL* L7012,
SUS316 (Mo & h) & SUS304 (Mo & L) OfER%
3 5. BAKE0.3ppm BB FTOMEZ O X 3
JE R, JESLEALH TI1E 10 mm/sec FLEE D &
A ARS8, Sk (650C x 240r48h) #4°T
1210 'mm/sec BRETH Y, W% & b2 SCC K2
DEBALIC L VIR ST WD, S SR FEE O
b, WMHEEHIFIZFAEETRE LEARIBRINT,
Mo DF#IZ L 2B LR ERIIBDOONL V. KIZ
CriREDORE % 15 72O\ IESBILH O 1 % ik
5. & CrifE X5 > L X4 20Cr316 & 20Cr304
D & FLEREREE, 10 mm/sec £ AL F5 T
BY, ZhENmE o SUS3L6 & SUS304 12T,
EHBERFBEIIH I N TS, T END D,
B BRI B W T Cr 1% SCC iz —=E
DOPZERTZENDI 5. KIZ Cr RZREIEM D
fdE 2 L, SUS316 $ifitfk (650 x 48h) # &
FIfEIZ, Cr RZBOHEFEIZ»H b 533 L WEHIE)
ErBlgsh, ZoMREECrigERAT v L A
DENIZHRTKRE W,

32 &£fEEE B, SRtESLUN
ROXvZ72V€E=-2a>

(1) B Mo D3gB

ARETIE, MEH Mo IREOREZ WM T 5729
2, SUS316 (Mo & ) X 0°SUS304 (Mo % L)
DRERZIET S, W8IZTyF ¥ 7 ko SUS3L6
FHB & OFSUS304 bk £ ARKLRE DA 21 2 /R 5.
F B CRA DB AR E LD, K ()
R & 912, ik (6507 x 24hord8h) #Cid,
ZIZETORAPEHICI VERIBESN, XY
BEAME Bbn M MM» L BRSNS, §
fixft (650C x 1h) # Tid, RADEE I N5 A
EBEISN VISR SN, RSN E L
K55 ERM D) ITRT LI IR/ E BT
Wb B oA shs. —J, FX () IRT
L9 ITSHAL GRIRIL) MiZhBwTid, R E
CIBEENIEMIIFEAERT, IWRLGEICH R
L Bbh i WIIHERTE R, IH50H
24k 1%, SUS316 & SUS304 THETH 5. %3
ICERMORE S, SALE B X O R oW
ERERO—EERT. SUS3L6 ZMHDO 7 =54 +
A= F I X B WHEAAMBREOWE T, wind
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(a) FEFEBFYE+CW20  (b) HEBIE (c) Bt
(650C X 1h)+CW20  (650°C X 240r48h)+CW20

SUS304

I' &“‘ AT

E.0k 10 ad] 6.0 L 10 am

8 TvFrr#%oSEM#ik SUS3L6 (LE) BXU'SUS304 (TE) olbig

£3 KFMOME, PALEDS X ORI ARBE O

RERF 44 i X BUBALEE | R AL R
0V (1kg) (%) (%)
SUS316 262 — 0
JESLA LA
SUS316 #ifgfk 260 0 0
(650 x 1h) #f
SUS316 itk 260 9.3 0
(650 x 48h) #F
SUS304 270 — 0.3%*
e LAF
SUS304 $ifgfk 278 0 0.29 *
(650C x 1h) #
SUS304 $ifgfk 257 10.9 0.3%
(650C x 24h) #F
20Cr316 278 — 8~10
JESA LA
20Cr304 282 — 0.3~1.3
JESLALAT
SUS316Cr &K Z 15 274 0 0
(650C x 48h+900C x 0.5h)#F

—ER L, *REBA RO I E

0% TH 70T, BB HIN LR T
FAELI D7 274 PR VT V34 I
SUS3I6 ZoM B ICIEEEFN TV v —7,
SUS304 ZM R OMERER T, K4 1% K OMEDS
fHoni. ZOBRMEARMERE, & BTN
ENerol-0T, BIMHMBETER L7 T4
TR R, MITHR VT VAL P ThLEE

oMb, T, HRABMOMKBKEIFREETS
D, TEREMOE Y H— AT S 138 260 ~ 280
FEEET, FRIEWIE R v, SBALEIZ D W T,
SUS304 $ifi1t (650C x 24h) #F & SUS316 $ifiAb
(650 x 48h) #& HIZ 10%FEEET, Z DM EHC
DWTIE TSI L T 5.

Ao L7228 ALt iE, ERto X 5 K5I8
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Mo3Ce i L1

l 202

113

(a) TEMf& (b) 1l RRASL 7 ¥ -t I 4 15

9 SUS304 $ifAt (650°C x 24h) A DHL F i AL > ] 5 i
(BB IREN : ALY) (MasCol AL ATREAN A \ZEEEHT )

#4 ALY D EDX HHTHEROREB (wt%)
JCHR Fe Cr Ni Mn Si Mo
SUS304 #ifift (650°C x 24h)#+ | 36.94 | 56.39 | 3.85 | 1.08 | 0.46 -
SUS316 #ifift (650°C x 48h)#+ | 30.28 | 54.31 | 5.02 | 0.0 | 0.35 | 10.04
SUS316Cr &K Z Il 18
(650C x 48h + 900C x 0.5h)#f

(ClTERMEEAME 72, EDX E&EH» LRI L72)

25.43 | 63.85 | 2.24 | 0.21 0.30 | 5.06

(a) SUS3043Esia1t (c)SUS3048 81t (f) SUS316Crk Z[El1E
+CW20 (650°C x24h)+CW20 (650°C x48h+900°C X 0.5n)
30 +CW20
F15 Cr R Y B \
¥ i Cr BE
| Cr | | /
20 2 | 20 | Cr
g o T g g (;/ o
| )
210 Ni i} ﬂfgjﬁj\ . 20l 20l Nai/ “/E\sﬁku/aﬂ -
ol
0 ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘ ‘ 0 ‘ ‘ ‘ ‘
300 200 100 0 100 200 300  -300 200 -100 O 100 200 300 300 200 100 0 100 200 300
KIS S ORiEE (nm) KGR & OPiEE (nm) S A S O Ji#E (nm)
10 TEM 2 & 2t S BGHHr DA 21
%5 RO EDX 54k R oRER (wt%)
JCHR Fe Cr Ni Mn Si Mo
SUS304 FES AL 69.93 | 19.98 6.52 | 1.71 1.10 -

SUS304 #ifgAk (650°C x 1h)#f 71.51 | 17.74 | 8.90 | 0.74 | 0.59 -
SUS304 HiAk (650C x 24h)#F | 76.15 | 9.59 | 11.95 | 0.24 1.47 -

20Cr316 JEGLHALH 65.80 |[19.35 | 11.64 | 0.96 | 0.65 1.29
20Cr304 FESLBALH 73.77 | 14.21 | 10.06 | 0.00 | 0.86 —
SUS316Cr K Z a1

(650CC x 48h + 900°C X 0.5h) M 68.27 | 13.57 | 11.24 | 0.74 | 0.93 4.91

GEBBALMIZ DWW T CrigEOR b EWlE, S B X O° Cr RZREM IOV T
&, CrigEoik bz ikl 72)
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K11 v 7% SEM #ikk
(f£) 20%CW20Cr316 #4, (£5) 20%CW20Cr304
(7294 MHEBDOND I ZEOLIANTRLE.)

(d) 20Cr31 6'?'!5&5%'@511 £+CW20

, 50 um
5

B 12 =ZLERERABRZ ORI mBIZRERE (X 5(d) o3k)
SERBREE © 320C , i5fEkFE (0.3ppm) #MAK<0.1¢S/cm,K = 30MPa - m!/2,30 H

(7274 MAZHERMTRLL)

BALL TWB DRI NIZOT, RIWB IO
FRHBAZ DV TRETT 5. IR T L9 IS,

SUS304 it (650C x 24h) 2B T B R RO
HW 1 MaCol 0 AL T, 2 O HAFRILIZREAT A
OB & THMA—KT 22 Lhnd, FHlok
HMEBEAEMB LTS, BHCHHA L7 SUS316 $i
fift (650 x 48h) # b kDR TH -7z, FK 4
2SI ORERR S N7z AL @ EDX 54T # 5
—BE LTmRY. SUS316 Sifik (650T x 48h)

ML, RAEMHPICIZZ e 2BL0E) 77U %
CEFENTWAD. SUS304 TIEHBEFEHIC Mo 38
NWOT, FALWHIZS Mo IZFEEL WA, Cr
2DV TIE SUS316 R EFABRICE S EEN TV 5.

AL O Mo 55, ALY ORI T 57 5 25,
SUS316 B & 08 SUS304 DA A jfbid, & i M
CHID ALY TH RO BA ST L Tz, KL
RAEFKIZOWTIE, K10 1R T L 912, SUS304 Jk
B LA T IIARPE VIS T Cr OB S 1,
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SUS304 $ifg Ak (650 x 24h) #F TIXIK#PH D Cr
DRZHBILE SN, Mo YA o r) ik SUS316 & [
HThot.

Db o & SRERBEOR R, S, SUS3L6
& SUS304 o & ZAEREZEH)1Z, Mo DF MIZHh b
SFIZIZFAMTHY, T 1% BEOMLHE~ IV
T YA FOFAED, ZFEERMEISEEL V.

(2) Bbrvh Cr o 2%

WIS, MEFO CriBEOREIZOV TR T %
eI, mCriREMOMRIZOVTRET 5. K
1 iczhzhzy 5 7 %0 20Cr316 FEFHALI
X OF 20Cr304 FESLMAL A D S HIHLKE D 182K B % R
T WIS CBLBEA 7 O T, RLFICHRER LR
BlEASNR . 72720, WA E oA E O
MR, TNENHI%E 1% THo72. I
OFAEZE BN LRI 2 S S iz 2 &, S
I =774 MR INAEZZ L,
ASTM-A800 @6 @ Schoefer # K 7 & Fi#ll & 115 ]
MO7 274 MHEXRZEFNEFNI% E 3% T, Lid
T4 PA—=FOFEUWEEIFIF-HTHI L0,
NS ORI E O FEHEIXIZIZT =T 4 M
BB T2b0LEZLNL. KRB 0Kk
BFEBEETHY), fido7 I 4 MADSME, @&
% O SUS316 FES AL & SUS304 FESBALI D 4
MR ZIZEDS v, TR IWWRLLZLII
HRFMOE v Hh—2ME (HV (1kg)) 18 260 ~
280 FIE T, JFICKE WV IE A,

20Cr316 FEFMALM 0BG, ERICEICT =T
A4 PP I%E TN TV A5, 121TRL7=&9
2, ToIRBHBEEErS, SRIEF—ATF
A MHET7 T4 MHOFRHIZEWTHHER L TV
% Z &, 20Cr304 FEFBALM DB EIET7 =514 MM
PRI EELrEINT RV ERNLS, 72T
A M X 2HHIRIR L IZEZ SR

BFRABENZDOWTIE, RS ICZoREMERLZ
X912, 20Cr316 FEFLMALA ORI FE Cr ELIZIZ 1T
20% & BEA ALK & 1313 UM CTd > 7275, 20Cr304
FESLBALM DKL FE Cr IFEIL 14.2% L 55\ Cr R Z
PRIz, 31ETRLZEIIC, oMM
O & B3k R R B LW 0 SUS316 FESEALA B L O
SUS304 FESLEALI I HE T A L o Pl %h 5 A3 72
ENTWA, RF CrigEClIET % L 20 Cr i)
BRELEDLSLZVHH DV IEKDT, ZOd
EPFATE R, UL, R L 22k R

¥ nm #PH O WHEHCOMK TH 5720, &
PRI T % Crik BB 2 SR TSR IS
BARENE CrORBTHLEEZLONEYUTH
5 LEMHBEINDD, TORICOVTIEE SR LHE
PHEE b,

(3) CrRZREDHE

RETIE, Cr RZEO A% IE S R AT
& R A7 S 272 Cr RZ BEM O RHRF-2 v T
L7, K2(h) EBIC/AR L7 & 912 SUS316Cr K2
75 (650°C x 48h + 900 x 0.5h) #} @ £ AHIH %
&, 20% ORI T2 002 72 2 212 & A ALKk
RehsPah, MTHEE< VT v ¥4 Mokt
BEINLDPo7. 7254 P A=FIZX BEEHAE
MARROWEMIL 0% TH o720 T, LA ML
WM T EAECTHERLEL) 27271 MR~V
F A MIZZoMEICRET TV RW, T/,
FERRLEE SO R L FREETH Y, F 7K R
DYy H—AME (HV(lkg)) F#K274 T, 2H5
b EL & AR TR E N E e d 5 72,
HICIIRE WA, ZOMEHRICE TS RLY
13 SUS316 $ifi b (650C x 48h) #1 & [ ARIZ, Mes
CHlT, RMORMIZEAHTIL Tz F£/-%4
WRL72E ) ICZEDILERFITO T H K E W
e h o 7z 10 () (7R L 72 R0 BB 5 AT & - 7
B, R CriflEid13.6 % BETIHWVETARS
M, Mo BEEEICE LTl b oA i sz
EHWHFELVWEHEROWHBISBILZ I NI
SUS316 $ififk (650C x 48h) #4 & SUS316Cr K Z
1 (650T x 48h + 900C x 0.5h) #MiZBWT,
SBHALE L Cr RZBIZOWTIRKELENDEDH S
2%, WX, SHHKEB X R RAWIZIZIER LT
BB, HIFIIR LIz BA T Cr i OSSRl A 5,
RO L O HIREMBREEFICBWTH, R Cr
BEOKTIZEEEHN A RET 2 b0 L H#RS
MDA, FALMAT IS X 2B OB E DT K E W
ZEHRLTNVAS,

i

4. F&EOH

(1) @WHATI L7z SUS316 I & UF SUS304 (3 $ifBfb
D7 WIFALIRTEE T & IS f il o e e A3
23N, BHRRIIRAETH 5 72,

(2) SUS316 $iffft (650C x 48h) #f & SUS304 $i
fifb (650C x 24h) #Cix, WiH & b ZHE



ENTIEALBEIN P72

(3) SUS316 & SUS304 @ &zt 2@, JESia
bB L OPHALSEMG L BITKREREVIZRON
Lol

(4) ® CriBEH (20Cr316 FESEE AL, 20Cr304
JEBMALH) X, WEOAT VL AMIZ IR
T, SCCHHIB RSP LS ND D, D%
BIIRAIITHICE b0 LD H/hEW

(5) SUS316 #ifft (650T x 48h) #F, SUS304 $i
At (650C x 24h) #f 3 & 0¥ SUS316Cr X Z
H 5 (650C x 48h + 900C x 0.5h) #FTid,
% B D MuColl O R FLRALY O 714 % Hiff 72 L
7. T OBERUM & SUBALA R R X 2L
BB OE LR O AT IR S, D
< EBARERM (0.3 ppm) FAKFTHORT ¥
L A OR RS I I S SR, BE
oMo & CrEaBXURAD Cr RZEOH
T2 55, RFURACYAT N X o THI
ENAZ EDPHER SN,

(6) &1, ZOHHIRIEIERZ &L REMEEIC
BOWTHARTH S0 ol d 58D
H5b.

AR

AW GENE AT BUE N )2 4 TR RS T hE 16
~ 17 4FEE [T R EREBEMEN RO A5ENZE] &
LCHEM L. 72, KWIZEOZFTICHZY, BWH
MNATIRZT 7 7 F % & —ERORARLERK
IR R TS 2 A e S 2 THW 72, &
512, BERBEDOFEITICN-TIE, WHEESS
Y PO BB, EHRERK FREAFRKOSK
BB ot UEZo2Ey) CHEesRLE
¥
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