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1.1 &@éEte T

& JEMELORS ARG I MPE OB AR 2 ESE LT OIS N TE 2T
HTh %, (DRI Hall-Petch D& 7T,

oy =0y + kd /2 (1)

ol XREIRIGTT. g, KITEH. dITFHRERBETH D, (DADB LMD K 5 ISk
BN S 2D EBRIENT EF-T 5, T2 HRE A RLOBHIIT K 0 AP 38 FE i
S 78 & OHIIRED W LA FTRETdH o W TITR AR 2 7/ WA Xk THRGib 3
L2 EHRBERE LTokRA 25 - BIEPED b TE T, HARENIZHE W TIZ NEDO
DA—=N—=R2H T avzy NODDWEM BRSO MEH 7 oY =7 &
(STX2D)* "B H 5, WFho7u Y =7 b b&BME ORI ZBIR X Tk L, 7=
TAZHIET L TRMELE LS ESE2 2 L2 E LT ThiLz, £ L TELH
MERT VI =0 LGOS AL 2 B H 2 WIET LT 7 26T 52 &2 kY
BRI 1] | S 5 B Bl 22 e N U 7o, A aboRL 2 B G L3 5 72 D IZ R O
PN TH(SPD : Severe Plastic Deformation) SV B0 5 Z & A3\, MPEHZERINT
iYL ZBOOT H LT RIGINEAS D, ZREDOE A RMPFAET D L OT AT
KNF—IR EP RS D720 BFRNTHE T RIGIIAR L EIRIRIEIZ 2 D, £ D2
TREGDHBEZR X =2 KT SEL0RE LRI 5, 2 ORGARRL I £
ATz I A B AR RL & K5, SPD ZIdRk 2 R FERH Y RERTIEL LTIV IRL
FHJELE (ARB : Accumulative Roll Bonding)#:®, HPT (High Pressure Torsion):©,
ECAP (Equal-Channel Angular Pressing)19{k238% %, Fig. 1-1 (21%3#)72 SPD O
KX ZRT, ZNLDOFEFMEHIROTAEZIMNA D Z LICKVZEOEMEZEAL,
AL OFFBLHNAE O BIRYZRBIE - FAERIEFE 2 T, Wb S5, 1991 HFIZHEE O
TWI(The Welding Institute) TB % & v 7= BEER B R #2 A (FSW : Friction Stir
Welding) C-1EIIHE R DIEHAEITIT R W R 2 BN TRl A A3 720, BIfEE TI
R & 7000 B THFZEAY - ERERS STV 5, Fig. 1-2 12 FSW O 27~ FSW X
V)L LRI DRI O T B A mnd TR S 720 MRt L gl S, Y — L &Rk e
DEFEBE RN LG 21T 9 . BEEEAO fem 2R L 23 @lR & 0 ARW 72 o AR B T8
BNREND, EFIRE THEES SH D TCOMERIZEA WEEOBENMET L2V, Zh
TEEEE AN LS h, MEHHEEDS BRI E L T2 72D Th D,
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Fig. 1-1 Schematic illustration of SPD (a) ECAP (b) ARB (c) HPT.
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Fig. 1-2 Schematic illustration of Friction Stir Welding.



BUE S A [E TEHB OB AR - DA O B2 BN & L7 S & S E 20158
PARENED b TR Y L < OEINPEML S TN D, L LN K 2% i SR o
LS BN KT 5B VI RARIA 72 8053 DS R AF T %,

1.2 ATV U AEDREHERIE

1900 FARATEICHHIE SN AT L AL Cr A &Y 10.5%L, EOHITH 5,
Tablel-1 |[Z A7 v L ZAHOHifEZ =3, #fEIIRE <0 T 5 MIIHHEIND, v/
T oW A FRITEVLERIZ X @i ST D A — AT A N RITIERLHE Tl T
(NS AT HIEE LR TR E A 2 RCHT S b S 570 & SifE L 1o
ROFFEAEAR L TWD D, MARESHRIC L) FHERRS STV D, Rt —
TFHA FRAT U AT 2 IR T S 4L, JISHIFE S 46 FE L b0,

Tablel-1 Classification of Stainless steels.

. . R i
Classification EPresentative | 5 q groq|
Steel
Martensitic SUS410 15
Fe-Cr Based

Ferritic SUS430 19

Austenitic SUS304 46

Austenitic-Ferritic SUS329J1 3

Fe-Cr-Ni Based
Precipitation Martensitic SUS630 1
hardening type Austenitic SUS631 3

A—=ATFA FRAT 2 L ARNIEME T ITHAED) A A U AFHEBREE T ISR N TR
FEREFL(SCC : Stress Corrosion Cracking)<CFL £ (Pitting Corrosion) 7 & D J& 0
BERETDHZ LN oTo, A7 2 L AT @M MR I AR T 2 AMERE R
DIEMENSHERIND Z L18H D, TRDOMMEMEII MBS R EIAKFET Dm0 K&

o TDTOAT L AMDBEEMZEITBAEICE D T THZE < FEfi S 4L, BRx RBREER
K ORMFIZRB T 2 NMEBEAE DY « KRR R OTEHE « A V=X L7 8250 T
L OHMAEDBFELNTWD, FMEERIEIL insitu TIET U 7Y X MU —IZ XY &R,
HFEHIR EWB | ERILFA = F U AETER_BEEAE, EEEIERT, HEAR
FEPE Q619 70 B exsitu TlE X MEE T ok XPS ¢ X-ray photoelectron
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spectroscopy) 20, A — =BTy (AES © Auger electron spectroscopy) Cfb=@4#
VR ERFRENTWD, Lo LB FPHEIEIL ex-situ TRWEIENR TE W20,
IR EERORKIREE CTOARRE & 1T R D e & 5,

SRR AIZAL B S BN LM b BRI E & (Crevice Corrosion), R FUE £
(Intergranular Corrosion)<° ¥ H# 4 J& #f)6% £ (Galvanic Corrosion)23d %, JaubiE &
FAEDOENXX % Fig. 1-3 IZR T, MIBRIENBE SN D & FrEm N #EZ i L, FrEmn
7 — NER, AMEIREREEN 7 Y — RER & 720 | MRS & b FE RSB LALIE DS EE S 4
Do EDDT ) — RENRFTHINCE L ERT 5, FRECIIFEEDOES VG T
TP RERFHITORMRDAEERH D, BEIITRHHBERENOENICERL, 77
Y NORERICKRERBEEZ G2 T-FEH L H D, REFEEOEE - A 1 =X LFEXUL
FREEITNE L OMAERF T D, LI A 4> ODIFET DR CTHRAET S Z

NI OTEY | B A A ARERFNE, REORE, JEE IS JET i
SR DRSO R KIS B2 SR 2 ol 03 8 5 @239, RGO 7RI T OIS &
FIAVIA B - BREE - ISR EET 52 L TRETHIRBBROFEDOO L STH S,

Passive film /@ Passive film

ﬁ
Fresh surface ﬂ

Breakdown \-
@
V IL

Fig. 1-3 Mechanism of localized corrosion on stainless steel.



Fig. 1-4 IZ AARENOLFE TR 5 @R FE ORI E 4 7340, Fig. 1-4 X
D B R FEOFRRITFBERDPKE % HD, TOPTHISHEREN TR L.
HH D 40%IT< b7 2 ERDND, OO IIEREIICK LT 723 1M
SN TEN, BUEIZB W T HLRRSFOBLR I BREIE ORI D 72 15 1 8 £ R
I TN TS

7.9% ALE

i HEEEIN
38.9%

32% [FHRE

43% TAO—Y3Y
0.4% REEEE

5.8% BAER
34% KREE
1.9% Dt

Fig. 1-4 Case of corrosion disaster in chemical industry.

1.3 AT UL AHDIEHEREN

FERETAT VA ZE N 2B LB i S TR Y | A7 & L A0
M EVECET DT & U TRELIMIM BRI T b & 5, FRIC R O BB T b kL
FUZ Cr AT LR FUEES T Cr IRENE LR T T 5. Wb LSl bk i
WSR2 ENAGSCC : Intergranular SCC )& 3L SE2MEHAFTH D, 1970 4E
RAICEAKFEEKE CHEASN TV —RAT T A FRAT VL AFRSEALIZ L
IGSCC #FAEL, ZOXRE L THTDORFLAR T SEIARRFE AT L AHHMEH]
SNDEDIToTz, LAl 1990 R I KR A OfF Ly 2 7 7 RBELD
PHER BB IR W THERTIX SCC AL oW E SN TWARIRFER AT L AHT,
WACIA F o DAFE LRV REICE W T OIS EREENSER SRS RfE L -
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720 ZOEHUTRION THELE T TGSCC & LTHAE L MENEIZ IGSCC & LT,
F IR R ORI D B I A LIREE~ER L T\ e, 2070 B 7 5% - Bl
WHET, > 27 U RNIZB T DI B REINOFA LHERIZOWTE S OAMEREF LI
Too LN UIRAEZEEIC RIZTTINLORBEZHSIFITD 2L — S ARICiTE-
TR,

AT v b AHHDIE JTE B EIN IR T 2 AR 22 B b Mg CLA IR & % 6
Scheil 73 Z OVER i LIS IS BFIAVREBR A 1T - TLUOR, £ < OBFED Z O BRI
TITONTE, ZOWKERWD &ERNAE 1B RE N (TGSCC : Transgranular
SCCINFAET D, ZOERNLIRER L OHA A o BNEICE JIET N i
S, @IRAKFTIHE A A U REDRLS THHENUBRBET L2 Enbrotz, £/
AL AR P B W TG TE BRI DS LR S TRAET D55 08% 00, PhiE
MgCle ¥ THAE LIS OB EENITHLBE R TR & b bho TNHUW-3, Lo
L Z ORI CEAMENE W2, ERE L IIDTENL TS LV L ST
WD,

ISR BN ORARIEICITOT A EMmIE, O & BMIESCE M EE, © 0T A#iEU
Ny RE, 3 ESCRRE, 4 KEGRHE), RO 23 B VE(SSRT ¢ Slow Strain Rate Test)
7 EZHB L, WTHOFMIEICB T O EHIIS 12 AR LaHMiT 5, O3 Ak

BRACFIE TS BHI SR 0 IS 2 Af LA 2 2 S8, REONERE
JEAEE S NS Z LIC kW AL 2 HAEmOBE B L OFERMIELICE b ) BHRCE
MOEALZEJET D TIETH 5640, Qo X EMIEKIIEE O RNBRELEEZ V7 7 1
YR EDOMWEFTO o 20N THEE L, BAEIRB LB 2 I 2 67 49, i E{EITHIL

OHERIEE, EOTHETFINORAEDFE - BE, (RO HEEE TIEFEIh DR A%
B EOFHmAFIRETH D,

B 22 PIESRCBRE CISHIE REINOFRIFITHhI T E 728, Z D% < DSEAELS
5OENOERIZONTTH Y | BINORAEIZ OV TUIRMFA R R E W, S TE R
FIAL OB 2 R~ 2 72 DIIG NG BRI OB 4 51 5 M3 Th 5, Fig. 1-5 1%
IS EREEIN O - IR L R OBREZ R LM TH S, Fig 1-5 LV IGIER
BN OV BT HE R I SR D ERT T > TH P TR L2 X ©
TRV, FIOWI N 0.1um 725 lum (2725 LR~ EE DY | S E TEfE L
TN ZEBDLND, ZDTDIENEREINOYI BT 72 b BEIN OF A Z B OFEAT
AT T EIXWREETH 5, A IESIEREINOYIIB M A BN 5 7o 0T b R e



BLEIN DR STV D, AT Z2BLUR 0 BRI 21T 9 72012, SR O i
BT AEREGDIVNEND D, TOFEE L TEH% J7EEL R 7 (Electron
Backscatter Diffraction : EBSD)2 & %,

-~ o e . .
Initiation of SCC . Propagation

S l

° p— !

"a’ i I '

= Precursor | Incubation | Slow Growth !

1 I

1

g Defines | First SCC segment | About 1/100® to 1/1000% 1

Y necessary : but not generally : rate of propagation : part of:

= condition for | visible penetration. | SCC and visible in optical :

HS initiation to : : microscopy. :

but not ! !

= occur, 1

= part of SCC. 1 : !

=1 i I B o '

<*] : : Transition from initiation to ,

Q 1 | propagation : 0.1 — 1.0pum :

. | : |

on- 1 I H
penetrated =—p ! ! . —p

surface

Time

Fig. 1-5 Schematic illustration of initiation and propagation stages in
stress corrosion cracking.

1.4 EFHEITBELEST

EBSD(Electron Backscatter Diffraction : EBSD)% 4= 2 FE - BEMMEEIZ 35 1T 5 R[4
D—HTdh 5, EBSD OFAFTEO T, FHi R E 7 BHMEHTEM) THIZE S 5 it
AR L F—Th D, KIHEFEITEERIC X > TR LI 2 IR, AR D &GHLER &
KB4 2% BT, lid Backscattered Kikuchi Diffraction(BKD) & 4 f-11F 541, HIAE Tl
Electron Backscattering Pattern(EBSP)=° Electron Backscatter Diffraction(EBSD)7¢ & & FEIX
LTV 5D, EBSD T H AL A [EIHfr /3 7 — X5 UBHR i OfE b AL L - T— AT E
STWBDOTHEHIANY — > 2T 5 2 & TREBTMEZRET S LB TE 542,
FEER SN RE CTE 5 2 & DT L 28G5 db OB [ PECRs S R ERS 72 £ % <
DIFRPTFHND T80, MEFEDORE TEL M STV D, T4 TIT EBSD % VT
PIEF O VBV T B & FERRRIIN O GALZEITARRBI A B 5 2 & A3l S i 0 H1LAT
R-PATERD B 72 5 S BAZ TS STV 5, ISR EIN OMFZEIZ ISV TH EBSD OFff

FBEE LR 2o TH Y, B oHERE L&A, R ER ORENRZ < HiE S hTwn
7,(6458)



1.5 AHFFED HHE & MR

AWZED AT, T2, FEXRREMA RRETHEM SN TWDE AT & L RO
LR RN 2 DB | B EOR THERICORN D FE DN Em VIR X OIS
NFEFEINICEB L, B O LE I L OM B OZ O REIE DI ESL A 1 =X
LM ED L IHERT B0 EFH - REtT 52 L TH D,

K LORERITILL T D LB TH D,

IR TII AT L A OITFEDOEN D O ERBFFEOFIUZ DWW TERY £ L b, A
T v L AHHOHRER E I S QR TR TIEC X DR OMH bz >N TR LT, &
e AT v L ZDISTEREIFNCOWTRT /7T b OFEEF S, BIEICED F
TOIRNEEEINIIIE 2B~ IS DB EFINTIEA A AV BRETRAET D L ST
X7, BALIA A L DIFELRWERTF DT T v NORE THRAE LT, 5 TITRWE
RBTE o 7o T OMgE i e sd B, F84E L2 HliudRm oM THELEDS RN TH 5 2 & 230
Do T, ISIERERVIMEHR T, B, IS OBERBHRTH D I L bikx 223l S
NTE7, L LiBEOHIITERIZOWVTOMREN L | BAEICOWTUIREITH —
L7 RARIZIZE > TRV, Ko TUSTIBREFINORAEZE) - A W= XL ZHRDH0HE
MRdHHZ LR,

F2RE CIIELERA— AT T4 MK TH 5SUS304 27 > L A2 IV TIN L
e~ T oA MEBREE IR JE TR OWTEHMET 5, SUS30427 LA
SIS DA I D A —RTF A MENDL~IVT oA ME~NEERET S, —RIIZ~
T YA MRITA— AT A MR EEIMEN & E TV 23, IIEEF R~ /L
T A MM ELORMAITE D S AW 2 MBRER IEO M &I EITE TR e B
R Hivd, SUS304AT > L AFNZ B2 5 EMaS 25 L, ILEHE~LvT oA b
e a2 ST A D CESILFIIE 2170 I TFFE~ L7 A MED R
HEREOFRAE - BREICB XIZT AL 5,

3T TILAT v L AHOEFIAE & N T O BIR 2 Fli D38 A Be s 2 FLRF E] CRiAM
T5ZLBARETH HSSRTE W THRETT 5, HMICA—AT T A FRAT LR
FMSUS316LN % U T20~80% DJE N E CmiIN LA M3, A& Lo BIiuIskii T
%, REBREZITV, ENORE, MTEORELFMT 5, EZFEHSREIOBM D
HIES 2 2 & THMMARICHE ) REOZE(LZB L, BEXILFIERLITH,

AT CITRTEFEEDOSSRT 2 VT AT o L SO fs IIEAEI L & i Stk o B
ERRET 5, HREMIT20% W RELEZ i LA — AT F A4 FRAT L A



SUS316LN% 2%, SSRT#. EBSD#Z AW ChEARRIFL, Adh 0L, At dkrimfg 2 5
L, BREHRE OO 21T 5, S BICEBSDA BAF LA E#H B EN DI
AEBERE 72 ERRFHER ATV, B O FAEAL & R OBIRE BT 5,

BT CIXATTE £ TICI AR R ZRIE L TR 5 & bic, AT 2 L RO
e i ERIBLED B RIS B AR O RICOWTRIET 5,
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F2E  SUS304 AT v LV ARDOREHEAEZEENCE LIiET
MIFHE~LT A FNEROEE

2.1 &S
211 AT LVAMOARE L R

—RCEREAEHT, AR HIUTRECE AL, BT ISEMmT 2%
WV LLERIZ Cr 28 LT BRI 5, £72 Cr Offlic Ni ZiRindiud
FEMALMED BRI L CHMEMEE R T L2 d, 22T, Cre NiZzGASEA
4T, Cr DEAE% 105 %Ll L%z 27 > L Ad(stainless steel) & M5, AT L
AN IR A R ORISR S D U R ABRE R S AT o L A B IR
ZRENORET 20O Th D, NMIRBEEIIESH nm 0 Z < @WIEEE OB 7 #
HWETH Y, T Cr OKERLY L BEEH)(CrO-OH-nH,0, Cr,03-xH,0) B %% & &
NTn5, BILMEDBREE, S VBMENFIFET DBRE TORLETHY | HERIC
% LCAT > L AT 22 B AE 2 /89703, O mE O K 5 7R IEER LI DR O R T
1T, CrEODZWELEER LT R>oTLE D, F£72 CriZ Ni <° Mo, Cu 72 & & #l7x
B O TIRIMTAUTIEMALIEORRIZ b 2 e ViR 225, & LTL, Cr 720 &2 172
EAITTFRELTIRMLUE Crr e Ni IR L7 Cr-Ni SRIZKBI S, #fkO 5 Cr
RIF~NVT P A FRET =T A FRIZHGT BN, Cre-Ni RIIA—AT T A FRIZRD
Vo e Ui, MEE ARG S . FIER Y v 2 EWINE, Wi EZE % <
R« Z< NS TWS, RIS 2T o L 2O HIER S 5, RFER
SUS304 % iz & auiE, RO & 58RI X 0 JIS T IRAE(EELIRRE) X E 12 4L 205
N/mm?, 520 N/mm? CHEAE Y, BE(LDO7ZDIZIZ L D mWEAEE LV, [EEsdk
SMTHE L &~ T A MR RIS 22 56 O RF % fif > 725071550, 6
AR ORIl - LS BB HERD D D,

212 RAFUVAHIZEIT 3 REERHE

G & X, K OREDPREIETH 2D, FFEICHINCRENEITT 54
— AT A PRAT UL AMICR B ZWERIEETH L, AERM S DI A 4
KR COISNBERN, LB, TEEWRRENH L, YEOHE M T
BREIITEMKZIZICD, BAFIII I EBIFAET D260 THY | FEERIIE R
FHOFROKE ez Hd T 5D,
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1) IS 1JE A EIFL(SCC)

SCCIIA—ATFA FRAT U L ASEIILOE N Al &4, &8, &5 Ti 6472
ETENEIREDOKBRFP TR DS o & b ERTRER/BERTH D, LIHEHK,
WK 72 EOEAEMBRE R ToliRIC T 32T 723 6 8 D WIETEHE e & O SIRERIS 13
FET DIRETHAT D & MBI BN FEAICAEE S <, FERBE%ICZ 212 E
MSHAE UNMEMEREER IR IR T 5, B3RS & BRALFMIE R O HAF B LB CIRENE W
TS Z DR,

) LAEBIUOT EEHEAR

& R FR T O ABYRE 2 I A R A ISR S U R E O ETICE S L U R ILE £
FTLHBIRA LR L WO VAW EED OO TR T & F T IINICHETT
TOHERETEEFBRE VD, WTHbiKR EOEERIE TEZ V3 <, SCC
DR LR 5%, ZOXELE LTE, Cr. Mo DHER Cu, N DIRIIBHATH %,
LEFRAEOHNIX % Fig. 2-1 12”7,

MEHRE FZ fE (Passive film)

{/

—
CI TEA b R ARAN R R 1ERE
ex)

Fe2*+2H,0—Fe(OH),+2H" \ X
| H BB AROpHE T3
Cr*+3H,0—Cr(OH),+3H*

Oy Fer CF

Fig.2.1 Schematic illustration for process of pit initiation and growth.

3) KL AE R
F—AFTF A FRAT L AHE 600~800 CIZhZENT 2% L Cr %< EGieRibW
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CrpsCe MEIFH D 5 HITHESRLUTEISEATH L Cr RZIAE S D720, fEanhLR A%
PN RSN <D, ZOBREERAERE LWV FRCEER ETRIBE LS 2 5,
Cr KZI8IZ>W\ T Fig. 2-2 127”7,

CrRZRE (7~8%Cr)

i (18%Cr)

Fig. 2-2 Formation of chromium carbides and resulting Cr depletion
Zones.

213 ~NVT YA FNERERIE

< I)LT WA b (martensite) & 1%, SlEZ EIRDOA— AT A MIREELBBEANTZ & X
B ONLIEFIHOEE 2RI L o b amTh D, v VT oA RE
REIX. BEREROIZ IS SIS DS IR D EE Z 3 12 W5 [Rl (cooperative) IC B B 5~ 5 =
CWZHVFLWVRERICED D LW I BADERETH D, Lo T AT oA MERED
& % YL S BE(diffusionless transformation) & H 9, < L7 A R ORHEE LTULT
DHDNRET HIND,

1) B O HME~OZETH D,

2) EReD & RO AL 20, FYLHCIREE T, WRIS 2B Lo L 5 I 77
BE) LT Z 5%,

3) ZRRIZff - THRmERNEL D,

4) FHAHE T YA MEOMIZIZ—E DR S TGN RER S D, o, v vT v
YA MATRHAEOREDEICAERT 5, T7bb, ~EDFH~EHEEZF,

5) /LT YA MERNIZIEZE O T KB FET D,

T OMIZERBHEDN RN ERWENEHWRELTLERETOYLT A MIHT
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TE LD TIERVEMLH S I,

~NT YA NMIF—AT A MEEFRGEEEU LEO#E I T Ms S(w T oA
N EREFARIR L) LA F OIRE £ TMAIT 2 BN A=A T T A MI Ms 5Ll ED
BETCHHMNTICEsTvAT oA MET 22 03B 5, MLIZL-oTRZI S~V
T A NERET b bMTHR~ VT A NERBIIEIRSD 5 WILZE LT ORE
THA—AT T A MREBICH LT —ATFA FNRAT ULV AHICE > TRIZEE TH 5,
MTAZE Y~ AT YA MEDREZ D EROEEZEZ Md sl 5, Md AL EThinT 3
HETROEREZT AT oA MEREITEZ 5720, Md SOERKIZZEDOA—RT
FA N OREMICESF L, 18-8 S TIE Md SUTIZIEFIRFIIZH 243, Ni EMKL HE
WEA—ATF A N ThDH 17-7 #H(SUS301)D Md SiTHEELL EIch b, Tk x 17-7
FCIEHEE TN T L TH~AT oA MEBRE LW, —RIZA—ATF A MillZ7 =7
A MR TN TR L LT WA, 23S~ VT A MRIZ K 283 E 2 5 &N
TIZ k> TELL LTS Y,

2.1.4 fERIHSREM S

TEREREA EHE, Z2RIMC — D> DRERED Dt OFERE ~ & Bk IC L+ 5 — (KD
MEFCTH D, Bladbif 5L, PLhbAMRICE D> CTRITRZEREAICRELST5 L
TEEDEEZBDTNT 7 A= REDET I v 7 ANENEOAEE CEkEICE
BEEZDET, BENERDIMAT—T 4 T ENDH L, HiETIEERA DR
BT D302 b ERMEREI BE & W 2 D B)— 2B RHHLR Tl khin C & 72 W BR BRI 5 H
25 72 DITHLR B 5\ L & AL I UBSRE 2R S 7o pBh T d B Y, A
REATEE D —EBICIE, AT D 2 &M DBIRNT K 0 | BRI 22k T 2 b D
WD, T DEBHEREM BN ) A 7 VEHCBENIREETH D LW D 5 E2 AT
5, T AR a~T U T NVOBLED IR OB —FEHT X 2R
BERTEL OB S HED BTV 5 O,

THFETIE ATV LV AO~ VT A NEREZ R U 7o RO RIS REA B O B %8
PITONTN D, HRMEO S —AT F A N RAT v VAEIRIR CTER T 5 & st
ThHL~NVT A MAIKERE L, ZOLEBEIIBVEIKFT D, vV T oA ME
REVEIE Z OB A HEAHEREM BHAIRLSEA L2 b O TH 0 MEIORE 2T X 0 Bk
SINCHER Z Lo MB 2B L2 T2 00 THD Y, ~ LT A MEREIETHE LN
TERPBRHTE BEMED & TRREME~ & SRR L AMERIBIC AL T 213>, FRERAL., Hhka
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HHHRM LTS, £, MREHEEELEHML TV ZEnBEZLND,

215 HEEH

WRERMRE CTH DA — 2T A F R AT > L A48 SUS304 1 TAKIRER B Tl A<
HBVEETAZ L O~ VT oA NERRERZ T, T72bbIS &IN5 2 & Th—ia A
— AT A MAfEOFIZ T oY A MEEZBEAN LM ZERT 52 R TE 5, F
7o MEIOTARSOIS 12 RIET 5 Z & T, MBROMER 2 HIH L= 27 o b A SRR
REM B2 ERIT 2 Z &N TE D, T VA MAIOBE AL, BRI 2 2k
SELNLTeH, FEHHAERICHEDOMERG, AfEB 26D, L, —fik
2T oA MEOTENYEII A —AT A MELVE D720, ~ /v T A MEZT
H UM Bt ORI AR IR T2 2 ERARE S D, AL CliiES b RE 2 H
WT, ATV LABID REIERICB XIE T~ AT oA MEEADORELE LA 4
BRECOWMETDZEEZBEME L,

2.2 EBRFIE
22.1 HBA

F—ATF A FRAT L AEH (SUS304 §]) (2~ /vT7 oA MEZEAL, Mk
CRET VT oA MAORBEFTRD20IC, A—AT A MEZRHELET S
SUS304 ([~ /LT A MEZEA LT OFI 23772, ot 5 m DO 25T % il
(EME TN ETE) 95 72 12T R 12 C SUS304 #il JEME A (IERER 0.0 %.5.0 %,
10.1 %, 149 %, 200%)%& i L., MIHE~LT A MAZEA LSO %M &
L CTHW o 3 % Fig. 2-3 12737 S HEREE O 270 2 (15001 5 Tl & 8 A58 L .
ARERETH D 10 mmx10 mm LA O E A TR FUBIE THRE L b0 ERERF & LT,
AR f OMINEX % Fig. 2-4 127, AR 2= 2 U —HET#A00, #600, #800, #1000
g CABEE L, 2 D% 7 VR K 0 S 7 i EE(Alumina Polishing Compound 0.01
um)Z1TV, FEZEmE L, MEERNCHAR X%/ —/L T 5 MR E g
L 7= % &R BRI L7z,
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*721/7‘/4j“/|’ }"Kﬁb?‘fﬁk—y—j 10mm

HEEF) 10mm

Fig. 2-3 Schematic illustration of sample preparation via martensitic
transformation (compressive deformation).

e
10mm R Bl
Fig. 2-4 Schematic illustration of the specimen
used in this study.

10mm

222 HrieihgR (B — B RAIE
AT L AR AN B TH Y . 80 X 5 R RmEEE&ITE UV, a2
OEMETH D NERERIIEDOMEEZ A C 2R E VD REHNRBRENPELD Z N H D,
Ll A—RATFA bRAT ULV AIC~ AT A MEPFET D L&, ZOFR
LBDFRAE - KEICKIETHEICOWTIIMH SN TR, £2Z T AT A M
EEDARPTITOWVT, Hix RIFIREIFICB O T AR A RIETTHELRFT 57
(RIS KON pH & 28 b S W 72 BRBE Cortmh BRI A 1T - 7., SRERVAHK 12 0.005M
(M:mol/L), 0.01M, 0.05M, 0.1M, 0.5M (ZFHE L 7= NaCl ia & iV 7=, & 51
pH % 2, 4, 6 |ZFH% L 7= 0.05 M NaCl {54k & v N7z, pH %1213 0.05 M HCI ik 2 H
W5 ET, WRT OB A 4 REE — IR DX 912 Lz, Fig. 2-5 12/
D& &R 05, JIET 5 oMl Tidh Y — RERBEIC L KERED D VITER
BILARE L, 7/ — Rofsssh) S MBI ResEsds L UL A & 72 D L EEM &
ETDHZEEBEL TS, BARSIHPEIL-800 MV~Ey % T& L7z, BARLIHEIX
WIET 2 MR AR S TE MR AR & 72 D LD STV ENRSIHE TH D 1 mVis &
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U 72 R 1L PR A L 23 B AR Z 1 38R M ALY i fn KCI EE AT (Ag/AQCI/KCI sat.) 2 FH VY,
FoR T HEAILT T Ag/AGCIKCI sat. ZEHEEL L7z, WIHNOHIEIZBWNTSH, 2
Hxihin, SHEMmE V., SREMA ISR E T 2 —EmlER LT L& Hoi,
Fig. 2-6 (253 f il 1 O 72 B AR X 2o -, 3R R i L2 2B Rl U 7= A8 e i i
DL ENET, SRR O R EBRERFFEE L L VRl T, B E %S 2 WITAL AR
AT OWTEIAL BN L0 3l L7z, FLRFEN & © BRI T, Bk A 41k
D AERE B DM S NVEIZ BRI D H D WL EAT 5720 EBiRns 2 LH7425

T A AL AT L LCRMIE RIS 5 XA AR EDI : LTz,

ER LR

Current density , 7

Potential,, ‘\$ FLEBEHL (Epit)

Fig. 2-5 Schematic illustration of a typical polarization curve
obtained in chloride solutions in the present study.
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Potentiostat

Fig. 2-6 Schematic illustration of a conventional three electrode configuration

electrochemical cell. WE: working electrode (specimen), CE: counter electrode,

RE: reference electrode (Ag/AgCI/KClI sat.)
223 EEMOBEHE

AERE R R DA plRE R K O EnRe b 28 L I TEFe ~ v 7 9 A MHOBR &2 RET
T 57201, pH & 2, 4, 6T L720.05 M NaClIEE I B\ CEBNAT oM L 7=
BROEGDORGEALZRE LT, BRE LT EBNIL, ot E RS 5 & A e feisk
ToH 5 100mV, 200 mV Z 88 L, 25 OBEAIZPREF L72 £ F 1800 s [ i FEAL 4 fsi]
E AT 2T WESMT MR BIE & RIS, SARICIT Ptz . S RREMIZIZIRME
{LgRIEATFN KCI EMi(Ag/AgCI/KCI sat) % - =EmlE S bt L 2 A=, HlEZR
%, AR E C/R L7- Fig. 2-6 & R TH 5,

224 FEBEWRIRRAIE

LBEOKREMEEINTHERE~ LT A MEOBMREZRFTT 5729012, pH & 2, 4, 6
(ZFHHE L 7= 0.05 M NaCl i iz B\ T, —EEIICRFF Lc (EER) BROBALORE
L2 HE Uiz, @B (EBFM) 13, oM EBRIE» SR ORENE T T
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% &5 100 pA & L, 1800 s MM 2 HIE Uiz, JE G130 dh i E |
TE BB AR E & FIERIS eI Pt 2 BRI I ZERE (L ER/AFn KCI B8 (Ag/AgCI/KCI
sat.) & V72 BB S LT L & A0 T, JIE SR I OB SR FRIE & [FEEC Fig.
26 DEBY THD, WEKTH, PBmEz O CGRB A ORmBIELZTV., L&
DFRERE RE I ZWMAT, Flo, EEEFIHMEECIT SEM &35, ) ITTLED
BTV, FLEMREOEBERZ R L7,

225 WA vrEe—F R (BRILEA v E—F X)) HIE

POSHEEZ RIET~ T oA MAORBZHETT 2720, pH & 2, 4, 6 [ZPHEEL
72 0.05 M NaCl I iz B\ T, &l A v B —& o ZHlE (BExbsA v v —2 2 2l
TE) AT 7o, WIERIFMOBLULFRNE & WD Fig. 2-6 D L0 TH Y | x4 Pt,
L MR MR A SR/ AL SR RN KCI BEMR(Ag/AQCI/KCI sat.) & L 7= = BB 5 bF L& H
W, HER M EE, 10mHz 225 100 kHz O CTH Y . AC (A7) #RIEIZ 10 mV

(Rl . Yo7V > 74503 10 points / decade . delay timels LA & L, HERENIC
BWTHEZIT o T2, 726, A v B —4 » ZJIE T, JEMESE 0.0 %, 10.1 %, 20.0 %
D 3FHORBR S & T, HER, A o B —F 2 ZZFEEIT A F 2 MRS X 0 T
AT o1,

2.3 FEBHER
231 FERBILRIEIZ L B2~ T A NEBERMBELT

F—ATFA hRAT L A SUS304 (M T A2 HE L, RFEOA—RATF 4 MH
(N T oY A MEEEAT DA OER 2 AT, A=A T A FEENG, wv
T YA MAZIBEAT D Z L THRREHEDZILRE L DT, v VT oA MERRIZ X
LHOEHIL, MKFHEOZE I W ERRRE LCGHET 22 R TE 5, B IEAT
P— AR L O ER L7, BB, ~ VT oA NERER AR 5 12 DITHER R
ZRE LTz, HOT A & it O BLR 2 KO 572 DI BERURHEREm I BV T,
VSM (Vibrating Sample Magnetometer ; #REFFUBIE /15 (K VRES e ATV
¥ Al &0 faRREAL AR E U T, BB & AT o T3S M O 5O 2 & gt oo B
&% Fig. 2-7 1ZRT, Fig. 2-7 O OF A ¢ Lfafuiifl I & OBRIZ(DANTERED Z
ERboolz,

I, = 0.60¢’ + 4.28¢” + 0.99¢ — 0.0125 (2-1)
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@K ZHANWTEOT ALY fafgifb 250 E L, 100 %ZREIZ%HST 5 fafniiib
(1.6T) kv ARERAZFHE Lz, JEM=R 0.0 %O MM IZATIRME 0T, ZRELKIZ 0% T
b, ZHEF 100 %O fAFALIZ 1.6 T THLHDOT, ROIALHET (FIEME) O
B D 16 TICHTAEIE L LT~ AT oA NERRRARETE 5, LER-T,
BOT BB DNUT, BIFBAERGHR TE, w7 ¥ A NERBERAZ RO DH Z L AN AThE
Thd,

i .5 T 1 T T 1 T

=

= LOf

3

i

E -

=111

S 0.5 i ionshi

= U Fig. 2-7 Relationship between
8 u the strain applied to the stainless
8 steel and the obtained saturation
2 0 1 magnetization.

«©w 0 01 02 03 04

True Strain , €

232 SiREiREEIC & 5 REREEES X OB EMRENT

JEAMEZR 0.0 %~20.0 % 5 FEEE DR /4 VT 0.005 M~0.5 M D#FiHIZEH 5 5 D
DD NaCl ik H C ot Al & 217 - 72, Fig. 2-8 12 0.005 M NaCl & H Iz 817
5 A EMERORER T Ol 2/~ 9, 7Y — REEIRICER O THERBR AT & 5 12-300 mV
&0 BB T(2-2) DA OIRITRUG B S 417z,

0, + 2H,0 + 4e" — 40H (2-2)
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§ 10°
E 10" N
~ 10.2 \
e

10* SEa ‘
5 \% o 5.0%
'E 10° F X B3 10.1%
8 o e < 14.9%
= 10°F 0O 20.0%
(@) 7

-10 -08 -06 -04 -02 00 02 04 06 08 10

Potential, E / V vs. Ag/AgCI/KCI sat.

Fig. 2-8 Polarization curves obtained in 0.005M NaCl solution for the
specimens subjected to the deformation with different compressive

-300 mV BB OBAGIZ & b7k Y — REFITHEINT 523, ZO%ERMEIIER L
TW5, ZIUTIEERAEIR CTH Y | MM REFRFEORITICL 2ZFETH L, & T
DORERAICB W TREROZSE), Ly, BACSCEREICHEN 2V b JEHEERD
EWITIRGFEE R ORITCSUNMIITE L KT SN ERbhoTz, £72. -800 mV f}ir
MPHOERO EFE, (2-3) ROKFERAKE (IY— KKER) THY ., ROk
FRAEICHET D4R (& 201E, KFREL) TR0 EVnz D,

2H+ + 2¢ — H, (2-3)

7/ — FHEETIE, WTHhORBIIZBWTHIRIEEBNMND D E R EL TERSEM L,
%@%1WLAW1@ B C—E & oT, ZOMEEIT, MBI TH BT £

[CABREREDER L TV D & B X Bivd, MBREFEIIC S\ TiE, BBRTIc L0 2=
FITAE U, WTFHOEMHERORBR A28V T H-200 mV~300 mV {1345 T - 72, Al

BRI, AEERFEREEOHE L bIZ, [EME (w73 MEREE) O
BT NWH D EWZ D, MIBETEIRN TR BRI 2 7~ 98B Tk, NERE D
S, NIV I MOEENEL D Z IRV B ENE T TERN T 565
bbb, ZOEMELRENMNETDH, ETOEMEBEORB T IZHBW T, ILAREMIX
400 mV fFE D E 725 Z L BNboTe, ALRBIITABREDIHE TH Y | [EMEFE (=
VT YA NERER) ([ZBD L TIRIER—DEMTH D Z RS NT,
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Fig. 2-9, Fig. 2-10, Fig. 2-11, Fig. 2-12 {Z 0.01 M NaCl ¥&{Z ', 0.05 M NaCl i+, 0.1 M
NaCl %, 0.5 M NaCl #3617 2 MR B A O i 2 =7, Wiio
B (0.01 M, 0.05M, 0.1M, 0.5M), WTnoalrf (EfE= 0~20.0 %) 1T
BNTHH Y — FEBICB W AR O, KERENBRISN, £/2, 7/ —
R BT S AERESEIR, LRFRAZ R T RBEM BN <7z, 0.005 M NaCl
WRICB T DR (Fig. 2-8) LRIERIC, 7Y — RIS THDHKFRA, IRTFHBFEOR
TCIXENLEIE, BE & HIERCRBR T (EfE) oZIM ST, B Y — RKRIZ
FAET IR E ORBB L O~ VT oY A NERRORBIIRWE WL D, T/ — KX
Ji T & D AMBREFHIE $-200 mV~300 mV, fLEFEN S 400 mV {3 & R TH > 72,

ORRRE) & LT, VAR (B A AV IRENNTND EEZXHNRD) ITXY
EFINC AR RN T EAVR SN, G R T 2 RLERN DD, 2D EHRET 5
T2 DITIE, MERERFFERE L (B L 2210) . FLREAICI T 2 B g (4
Bl) . BIEANA 7 (BT, A R) OBRJE - RESIREZFTRDZENEHEELRD,

10
o

= 0

G 1 /

E 10" \

= 10

2 1

] o 0.0%
e _ .

o 10* V ( o 5.0%
b 3 | 10.1%
s 7 M o 14.9%
= R 20.0%
S

O .

'l 'l 'l 'l 'l 'l 'l 'l 'l
-10 -08 -06 -04 -02 00 02 04 06 08 10

Potential, E / V vs. Ag/AgCI/KCI sat.

Fig. 2-9 Polarization curves obtained in 0.01M NaCl solution for the specimens
subjected to the deformation with different compressive ratios.

24



o
LE, 10°F
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g 1w} \
~
= 10° F
=t
2 1w}
(5] 0,
3 0.0%
— 10"} 5.0%
S 10.1%
= 10 14.9%
>
20.0%
O 1 -6 L L L 1

-10 -08 -06 -04 -02 00 02 04 06 08 10
Potential, E / V vs. Ag/AgCI/KCI sat.

Fig. 2-10 Polarization curves obtained in 0.05M NaCl solution for the
specimens subjected to the deformation with different compressive ratios.

1

10
o
= 10°F
o 1
p R ,
g 10 N
2
= 10°F
S 10°F
=
3 00l o 0.0%
5] 5.0%
O 1%} 9
- : 10.1%
S 100} o 14.9%
- 20.0%
8 107 2 2 2 2 2 2 2 2 2
10 -08 -06 -04 -02 00 02 04 06 08 10

Potential, E / V vs. Ag/AgCI/KCI sat.

Fig. 2-11 Polarization curves obtained in 0.1M NaCl solution for the
specimens subjected to the deformation with different compressive ratios.

10

N 1

"= 10'F

e

Q 1w}

<

e w0}

~

— 10%

b 10'3 L

‘© \ 0.0%

S w0t : 5.0%

S ‘ 10.1%

c , 14.9%

TRl 8 " 20.0%

S oo

8 107 N N N N N N N N N
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Potential, E / V vs. Ag/AgCI/KCI sat.

Fig. 2-12 Polarization curves obtained in 0.5M NaCl solution for the
specimens subjected to the deformation with different compressive ratios.
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233 EEMASBHEICBT BRI

T RRI R R BTk ~Ts X 510 AR I 2T o L RGO BRI C b
200 MV T 1800 s [l AL SRR 217 - 7=, BRI HEIIE D> B 15 5 5 B 00 S
BT — 5 ORAR % Fig. 3-13 (R, EHABIIN L CZ OEE IS5 %855
FHREACEEY & 72 % . IRERZBIERO £ 510k X < DI T 41T 52 L TR
B OIXRE R EENER Sh 5, @0 %ENE, FHAREL LAan o RIENER Sh s,
@ L BT 2 BOILRAREI B AN 5 5B & 725, ZAUXF AWM, B
P S5, OIREESREICAERT 258 L 72 %,

)

)
@

Current density , i/ mA *mm~

Time ,7/s

Fig. 2-13 Schematic illustration of current-time curves obtained
under potentiostatic polarizations.

Fig. 2-14 |Z pH6 @ & & OEBN A HAER R 2 T, EMRICED L3, HEE%
PO BB IED AR & b 7 O BIRO R TR C& 72, Fo. RIEOME -
BAMERELIC & b 72 5 ARA 7RO ERZEEBN DI B AV IR A BIEO L EINZ L %
DWW R TE T,

Fig. 2-15 (2 pH4 @ & & OEBN O IER R Z =T, pH6 DGH & FkOZE#E %2R
L7oddy, LR RIEARICE U, st (Bi) —xi# (RFE) (& K 2T OFE R, B
HI 7RI ME M 23 B, MDA A FE ISR W T, £, ERERICE Y~ T
YA MEPNEAIN TS, T BBMERE T AT b AHORENTITL E 72 ME)
RRIENTER SND EEZ BILD, T, M) 2 NMEEiRRFER L UYL
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REMMEOMK L bEET D,

PH2 [ZHB W T b RIRRD FBR A 4T - 7223, Z8)7° Fig. 2-13 D@D ZEF TH o 72, T
KRB ER 2 OB E 24T > 72 B8, 200 mV CIX IS AMBRERIR Cd 5435, i
KERBE D pH2 THIE S 7= A RRIZ BV T 200 mV AT I A REREIE Tl /g & v
IRMRERLIE LD LR TE L, TNORBEAMIC L2 ERIIEETH L0, RNMEhE
SEI I 51 DMFT N2 D72 & BICKRKBIBERMES JOWAESRM & b ISR EhesEk
TH 5 100 MV IZEBWTREBEDAIE 21T - 72,

. 10 00

E o U0

5 o 5.0%

s 10.1%
: N o 14.9%
g 20.0%
Z

Z

=

< 100

-

=

@

15
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Fig. 2-14 Current-time curves obtained for specimens subjected to the
deformation with different compressive ratios of martensite phase at 200
mV in 0.05M NacCl of pH 6.
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Fig. 2-15 Current-time curves obtained for specimens subjected to the
deformation with different compressive ratios at 200 mV in 0.05M NaCl of
pH 4.
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Fig. 2-16 Current-time curves obtained for specimens subjected to the
deformation with different compressive ratios at 100 mV in 0.05M NaCl
of pH 6.
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Fig. 2-17 Current-time curves obtained for specimens subjected to the

deformation with different compressive ratios at 100 mV in 0.05M NaCl
of pH 4.
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Fig. 2-18 Current-time curves obtained for specimens subjected to the
deformation with different compressive ratios at 100 mV in 0.05M NaCl
of pH 2.
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Fig. 2-19  Schematic illustration of potential-time curves
obtained under galvanostatic polarizations.
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Fig. 2-20 Potential-time curves obtained for specimens subjected to the
deformation with different compressive ratios at 100 pA in 0.05M NaCl of
pH 6.
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Potential , £/ V vs. Ag/AgCI/KCl sat.

Fig. 2-21 Potential-time curves obtained for specimens subjected to the
deformation with different compressive ratios at 100 pA in 0.05M NaCl of

pH 4.
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Fig. 2-22 Potential-time curves obtained for specimens subjected to the
deformation with different compressive ratios at 100 pA in 0.05M NaCl

of pH 2.
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Fig. 2-23 Relationship between the number of pit formed in the solution
of pH 6 and the pit diameter for specimens subjected to deformation with
different compressive ratios; (a) 0.0 %, (b) 5.0 %, (c) 10.1 %, (d) 14.9 %,
(e) 20.0 %.
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Fig. 2-24 Relationship between the number of pit formed in the solution of pH
4 and the pit diameter for specimens subjected to deformation with different
compressive ratios; (a) 0.0 %, (b) 5.0 %, (c) 10.1 %, (d) 14.9 %, (e) 20.0 %.
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Fig. 2-25 Relationship between the number of pit formed in the solution of pH 2 and
the pit diameter for specimens subjected to deformation with different compressive
ratios; (a) 0.0 %, (b) 5.0 %, (c) 10.1 %, (d) 14.9 %, (e) 20.0 %.

236 Rifif v E—F L REH)

pHB @ 0.05M  NaCl {EiRHIZ 31T 24804 v B — & o A%\ % Fig. 2-26 |27, W
THNOEMEEOHEHZIBNT S, AR A v B —F o 2EF@ w2 ERbrolz, 2
VT, REREICEERAMIEREN AR L, RIGHEZIH L Tns vt b, 70,
Fig. 2-27 |2 pH2 IZFH%E L 2[R DA IS BT 51 A4 F A MR AR, ZORfE, JE
HEZEDY 0%, 10.1 %slBHI BV TIL, pHE6 OEIEH OFER & [AERDFER TH 7203, JE
M3 20.0 DOFEHI BN TIE, F L WIS ERFIO A B3 BLR S 7z,

P

4.0x10°
4 00% pH6
= 10.1%
* 200%
3.0x10° R
n
@ 2.0x10°
E A
n
= Ay ‘A"
N
. [ °
1.0x10° °
0.0
0.0 1.0x10° 2.0x10° 3.0x10° 4.0x10°
Re(Z)

Fig. 2-26  Nyquist plots obtained in 0.05M NaCl solution of pH 6 for
specimens subjected to deformation with different compressive ratios.
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Fig. 2-27 Nyquist plots obtained in 0.05M NaCl solution of pH 2 for
specimens subjected to deformation with different compressive ratios.

2.4 E£
241 EMERE~LVT YA MERBROBR

FRBST (KIEMEER) O~ T oA NERESEZ Table 2-1 (2”7, JEMEE 0.0 %~
20.0 %DM TIZE Y . KT 2259 %D~ /LT oA MEZEHET AR BERCX
7=, Table 2-1 7 & JEMEZE G T DI DNAERBER NI IGINT 5 Z L DVR Sd, MR 2
ML TwAT oA MIOEBEARZBINSEOND Z ERbhoT, 2T OHE
BEO, MR ONTHR) &L CEBELEZRBRR O~ LT U4 N EARE BRI
fbC&, ZOMEEBEL LTYAT U A MEBEAZL 2 EBNRFTE 5, -,
200 % & REREMERZR L TH, ~/LT %A MAZEATE 52, #Ii2 80 %k
HTHLA—ATFA MAPEFT HZ L bR,

Table 2-1 Fractions of martensite phase obtained for specimens
subjected to deformation with different compressive ratios.

FEHEEE (%) EHEE (%) fafifgit BEUOTH
0.0 0 0 0
5.0 2.99 0.047 0.04
10.1 8.24 0.1318 0.07
14.9 14.50 0.232 0.125
20.0 22.59 0.36144 0.2
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Fig. 2-28 Relationship between the compressive ratio and the
pitting potential in solutions with different chloride concentrations.
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Fig. 2-29 Relationship between the pitting potential and the chloride
concentration in solution for specimens subjected to compressive
deformation with different ratios.
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Fig. 2-30 Relationship between the chloride concentration in solution and the
passive current density for specimens subjected to deformation with different
compressive ratios.
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Fig. 2-31 Polarizaiton curves obtained in deaerated solutions of
different pHs for the specimen subjected to the compressive
deformation of 20 %.
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Fig. 2-32  Electric charge generated in 0.05M NaCl of different pHs with
respect to the compressive ratio applied for the stainless steel.
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Fig. 2-33 Pit morphology obtained after the galvanostatic polarization at
100 pA for specimens subjected to the deformation with different
compressive ratios; (a) 0.0 %, (b) 5.0 %, (c) 10.1 %, (d) 14.9 %, (e) 20.0 %.
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Fig. 2-34 Relationship between the number of pit generated in
solutions of different pHs and the ratio of compressive deformation.
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Fig. 2-35 Pit initiation and growth observed on the specimens subjected to the
deformation with different compressive ratios.
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Fig. 2-36  Schematic illustration of growth process of pit on austenitic
stainless steel and stainless steel including martensite phase.
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#3EF SUS3I6L X7 v L ASRDOEEEEAEKT CTO
BINIGC I E R BN R A28 & T EOREFK

3.1 &S

1970 AR B /K ALE 147 (BWR : Boiling Water Reactor)/H17K RELE T ST
WA — AT F A N RAT L AH SUS304 |2 IGSCC 2% A L=, g o> =431 73 i
AEETHHE S, JRE ORI X OR OfMET2 T4, IGSCC FA4E D JRIK L
POBLER I LA 8EUETH D Z ERbo T, R E U THEETIEOUGES 3041,
316L 72 EOHFIRF AR T SETARIKF AT b Al L OERRINT L0 R
(2 L B FREAKT 2 5\ 72 304LN, 316LN fEFA &5 L9 ic72 o7, Uik, BWR TD
H—ATFA FRAT L AHO SCCITHE Lz, Lo L 1990 4% ¥:12 BWR DJF
02T 7 FBIXUPLR B IZH0) T SCC AHERR STz, iESk Tl SCC 3% 4 L7210
EINTWIIRIKFZRAT L AN, Ak A A o OFAE LIRWEREE T SCC 284U
72O OFEFNI A E TRBEOBERNRAE L TV DO TEHE TR S, 2
FIFUDSERAN TIZ X 2 el b Jg ous BRI T O BNHELZ K 2 ik EAL T TGSCC &
LTHAE L, MEINENIC IGSCC & L THEE T~ 29RO A RIZIX A2\ SCC DI AT
BRTHDLZENnbhole, B OB - BEIERT 2T U RNIZEBIT D8 1TEEE
DI EHERIZ DN T ORIANRE HAL TN D, SCC FEAE DR IZ- DUV Cim N
TEOMBNCET 2HENE SN TND N, Hi— SN RMITITE > T,

ZAIVE TRk & 2 FIEPREE CIC B BFIN O RITIT O TE 2R < DEE T
FHBLS D D DEINOBERIZONTTH Y P20 EINOFREDRTHI D 72 T2 b KA

By MZN, I 1B R BRSO & BAEIZE D £ TOHMO FRIO 7= DI

JEERNOHZEERNZ Y] SN T D20ENH D, £ OTDITITEIF & ik & DOBIfR,
FNBELMTEORREP LN T H I ENEETH D,

AREETITHEIN DI A BRE A FRH TR+ 2 Z & AR RE Th RO Al FE L
(SSRT : Slow Strain Rate Test)z AV T, @RIII LA fiE L7 SUS316L 27 > L A HH O &
EEKSIREREE T SCC HAEZFFZFAE L, KIS B REFINOIRA &I TEOREf%
RREt LT,
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3.2 EBRFGIE
321 RERAEH

fHERFS 13 SUS3L6L A7 L A TH D, T DAL E Table 3-1 127”9, Z O
FHZ 1050 °C, 30 min OEEMALEVLEE 21TV, 7K L721%, 20 %, 40 %, 60 %, 80 %D+ T
RCOMBIEIE LT, S HIZZTAHOHM % Fig. 3-1 DK OB 5 [ aReAER A 12T L
Too 1O NToRBR A 2 IS I B HIAVRBRE AT = A U —H(~#600) THIEE L, 7k k>
Wifg. KvEotk., MBREITo 7,
Table 3-1 Chemical composition of materials employed in the present work. (mass %)
C Si Mn Ni Cr Mo P S Fe
Type316L | 0.015 0.52 096 12.39 16.28 2.12 0.02 0.004 Bal.

Fig. 3-1 The shape and dimensions of a tensile specimen.

3.22 IEIBEBINRER

ABIFFEC N 7= i i E R R IR BR B 6 B O™ Al B SCC AR 1 (SSRT) O 2
Z LA TR,

Fig. 3-2 24— b7 L—T7 & & o B EEERH OB T E L AN 273, ZoR
BRI PR T D e KT B M O RENLIZZ 1024 1000 kg L OV 20 mm T 5, A— b
7 L—T7NICRESNDFERBETICIE, 7vey hEA L TAH— b7 L—T74NTEKE
ENBEP—RE—F—I2LD 10'~10° mm/min O#FPHDOIKER —ED 7 1 A~y Nl
ETEROTHREEZDZENFARETH D, A— b7 L—T7 OHEIEE L X% Fig.
3-3 12" d, A— 7 L—71L SUS316 A7 > L AFHEICTH U | Fem il T L OVEE T
100 kg/lem? TR 300 CTH 5, Z DA — b 7 L—T I FED b ) AT R S
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FREEMR S VA SRR AVEA S TE Y, SCC kB OB O ESAL 2RI+ % JIE
HlET 5 Z ENARETH D, Fig. 3-4 14— b7 L—TNHOBMBIGEEL2RT, EX 2
mm ORISR OB IS RGBT O L T2 TEET D L0 Ickho T
W5, REBRF L BIIRIGE & 2T 572010, T b OEESICIET 7u sy — e
WAL, 72, RBAOBBMZRET 27204 — 7 L= bEA LT
SUS304 27 o L AP EAR A7 ER A IC AR v AR XV 84 S 7=, Fig. 3-5 123
BROKAGBREE B OB G 2 2 73, sBR/KAE BR AL Il A A L 2R HaBAR, Ar - O, 1 A
A AGE O &g L7 A R 5x107 m® OB ARKERE Y sk v T, K
BRI OIER & BRBRVE IR DUSE IR L, WRAFIERIREE O A4 BB 21T 5 2 L S ATRE T
Hb, BMERSTICLVRRIEREA— N7 L—TITEAL, KERHEY 7~ LEER
W, FHRBRIEROBAIEERE., pH, WIS IIHET =4 —3+ 5 Z L 23 AlfE
T D, HiliH - BIEROMEBE Fig. 3-6 1ORT, 2 2 CIERBR A IC/EA S & 547 H -
BRI EHRET D, il « BEOFK 2 LT, 77, = Akl EoZfEEHO 7
07T AERETDHIENARETH D, £, — b7 L—T7 AL ORISR S AR E
NOBENEEFIENATEETH D, S DITKERIEY v 7 128 i Sl Ar - O, 7 AEA
B OERIO BEHIEENC X 0 EAFRRRRE O BEHIEN TR TH D, S HITEFBHRR
B AREE pH 2N, A— 7 L—TNET), IRELRORBRA OFE, 2k l%da
VB a— X —TiERT D 2 LN TE D, Fig. 3-7 12 SSRT 5Bk 0 & RN 2 7R~ d,

323

1800

-3
600

450

490 . 250

740

Fig. 3-2 Photo and schematic illustration of a slow strain rate testing apparatus
with an autoclave unit.



Fig. 3-3 Photo and schematic illustration of the autoclave unit.

Fig. 3-5 Photo of atest solution  Fig. 3-6 Photo of a main controlling unit.
controlling and circulating unit.
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Back Pressure Value
=l

Cooler
Heat Exchanger

D Tank X i
ND) i i v ‘ Autoclave
2 V2
Specimen

L—Q- Heater

High Pressure Pump

Fig.3- 7 Schematic illustration of the slow strain rate testing in simulated BWR
environment.

FRBRIRIR 1T FREE K & BRIk D Na,SO, & 0 FH3L U 7= 7 Na SO, 1A & FV 7=,
FRBR S I XV F IR 22 £ (DO : Dissolved Oxygen)Z 8 ppm 33 & O 1ppb (il L. Na,SO,
TEFEDNK) 2x10° M, AREFES 1~2 pS/em & L7z 2 T OIRIE R L IR O 72 O IR TE
FR IR 4 1 ppb DL FIZHIAE, Na,SO, 2 i3, BREBRATIC A A 2 2 pst Rl & KL A0 5A
I, AREJE % 0.3~1 pSlem IZ L7 & vz, 2 ORBRIAHL % 7.85~8.33 MPa (80~
85 kgf/cm?) D E 71T, 288 °C DFRBRIEE THV =,

R &2 A — b7 L= NOIRRICIEE R, BR LR BRERE A4 — 7 L—7 NI
BAL, FRIZBW TREREE ARSI TICHE S TnD 2 & 2l Lz, B
PR IE REAEDEE C LA S, BENEFRMEICEELZZ 2R L
% . SCC ik & BiAh L 7=, FEALIZAIINE " B AREBAL TR A 1T o 7o, O 2l 13 5x107
Is & L7,

3.3 EBRHER
3.3.1 SCC#B&

DO : 8 ppm & T* DO : 1 ppb OSAEIZIS T D kR~ 22 I LEE D SUS3L6L #ild> SSRT i A4
Zuk~_%, SUS316L-20%. 40%. 60%. 80%CW (2O Thi /) — OF A dhifi & B ARENL
DA% Fig. 3-8 (2R, FIRTE(LIL DO 1 8 ppm DEADHREMEZIT -T2, VI o
JITEEICBNTH, OFTHOBINC & b 72> THIRBNAHK 50~160 mV O#iPH T L
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FTOLAT MmN R ST, IS —0F ZH#IZ DO DEWT K 2 B2 225213580
Bivieho T, WmEMTZH L TR 0WikER i o DO : 1ppb (2381 267 — O A i
& HIRENMN DA% Fig. 3-9 1R T, BAUIBMIERL ., BXLZ-200mV TH 728303
FAfE & BIIET L, -500mV F2 F T T L7z, 20~80%I1 LA IZ DWW T b [FfEDE
MLTHoT LB BND, IS —OTHMHN G BT, INTE & H RIS DORGR%E
Fig. 3-10 lZ/R" 97, MITEE QBN & b 78 o THRAIGNTERAHEINT 523, DO D%
BIIRD LI o Tz, Fig. 3-11 I T L EErOd 2 OBIR &2 /R 9, EErOd 712>
Wi, DO : 8 ppm DA, TN 20~40%IZHE N4 % & K& < b L, 40%LL i
MLUTHEIIEH N2 o7, —J7. DO :1ppb DHFA. TN 40 %I THERIO
THNERNE 2D VFRIOMHEE 72572, DO : 8 ppm & DO : 1 ppb % b7 2 &K
T_F%(20, 40%)Cld DO : 8 ppm D BEMrOT A3 K & < | @il T (60, 80%) CTld DO :
1 ppb DI BRI OT BN K E o7,

A 20%C.W. o 40%C.W.

© 609% C. W. 80 9% C. W.
2000 , 0.2
5 A 40.1 %
1500 [ g8 <
g ] 2
40.0
= g
~~
o 1000 F 80 % C. W. 2
N o
E 60 % C. W. 401 —
& y . 40 % C. W. T
500 20% C. W. S
4-0.2 s
1 ppb a
8 ppm
0 -0.3
0 10 20 30

Strain , %

Fig. 3-8 Strain-stress curves and change of immersion potential.
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Stress / MPa

2000 r r r r 0.5
O
1500 40.0 2
' ~~
0% C. W. &”
(DO : 1 ppb) (g
1000 A-05
>
~~
<
o =]
500 41-10 §
F 0% C. W. 5
'/ (DO : 1 ppb) 1 o
0 L L L 1 -15
0 10 20 30 40 50
Strain, %

Fig. 3-9 Strain-stress curves and change of immersion potential.

1200 . . ' :
©
g R
= 1000} -
= Ja
3
= fa)
@ goo | .
E
E &
& 600} |
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400 L L L L

0 20 40 60 80 100

Rolling reduction , %

Fig. 3-10 Effect of rolling reduction on maximum stress.
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24 T T T T

© 8ppm
A 1ppb
L 22t 0O pp -
i=
S 20} -
7]
® A A
g 18} o A g
E o)
16 F A -
14 L L L L
0 20 40 60 80 100

Rolling reduction , %

Fig. 3-11  Effect of rolling reduction on fracture strain.

3.3.2 EEMETHEMBEBE
SSRT alikth Uk 2 A A1 (- BHMBE(SEM)IC XV BIZ% L7ofE R % Fig. 3-12~3-36
2T, SEM L0 7= ORI SN S HOZFHI Lo, F 72k om0
BT 2175 2 & T, SROmMEELFM L, SHmERIE, Shmg / akwr
[H A X100 Th 5,
Fig. 3-12 i% DO : 8ppm EgEEH 21T 5 SUS316-80 % N TAF(CW) D &7 — ¥ D
SEM 8 TH %, AEtO5[EH M RD HMThH D, WTINOEHE IR MICK LT
(ZHAELTEBY, SRITEMRNTH 7, SEM TR TE 2RI 8 bV 1 v
X o TSN AT S R b7z, Fig. 3-13 (2R o> SEM 14 % 7~ i shix
EDO—EIZ SCC Rk AN L H A7z, SCCAKIEIZIZ Y N—_Z =R, EHOERE
TR OND, FlEHITEMATH T2, kb, EZILTCSCC ThHh 5 LT
x5, F7z SCCAmIZIS VN CREWTIE 2> B BT AN 2 IRE RN S0/, SCC i LA
SMIZE DN E 72 AR OBREPBIE S TIENET ¢+ TV ThHDH Z Enbrolz,
Fig. 3-14 |3 DO : 8ppm BBz H 2 351F 5 SUS316-80 % CW+EIEALALERAS 0 47— T ER D
SEM B Th 5, ZZUIEMAITIERIITL TSN LTS ES S o,
TXHOEEN DR IIITHE LTZEIULIGSCC Th D Z b -7-, Fig. 3-15 (X[AFR
EH I 0> SEM 14 T 5, BT IR O —EB1C SCC AR A3 i H 45 28 Fig. 3-13 & 138720
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THPIEIT LTS, I CHERR CE 28I Y IGSCC THDH Z tnibirot, £z
SCC i IZ Fig. 3-13 IZ/R L2 D & T, B IIT/NIWMEWm 2> 5 F=E 5 M
BT 5 RPN, SCCRIUAN TIXIENET ¢ o TR STz,

Fig. 3-1% SEM micrographs of the fractured area of SUS316-80 %C.W.
in2x10 M Na,SO, with DO of 8 ppm. (a) at low magnification, (b) at high
magnification close to fractured area

Fig. 3-1:2 SEM micrographs of the fractured area of SUS316-80 %C.W.
in2x10 M Na,SO, with DO of 8 ppm. (a) whole cross-section area, (b) a
magnification at the crack initiation part.
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XZS irmm 2814

Fig. 3-14 SEM micrographs of the fractured area of a sensitized SUS316-80%
CW.in 2><10 M Na,SO, with DO of 8 ppm. (a) at low magnification, (b) at
high magnification close to fractured area

(o)
»oo ‘ > BV ; . % .2 #
) 4] 2 PR D X1 (8

Fig. 3-15 SEM micrograprgss of the fractured area of a sensitized
SUS316-80% C.W. in 2x10 M Na,SO, with DO of 8 ppm.  (a) whole
cross-section area (b) a magnification at the crack initiation part.

Fig. 3-16, 3-17, 3-18, 3-19 { DO : 8 ppm, SUS316L-80, 60, 40, 20 %CW D7 — I H D
SEM B Th 5, EF. BUBULA & [FIERD FIETHA U S 2031 Lz, &0
SUS316L-80 %CW T 11 &, 60 %CW T 12 fil, 40 %CW T6{H, 20 %CW T 4 &
V. EORBHZBW TS ERIIR v F U 7EICEF LT\, ERPRmITBENTZE
IXERTH -T2, FEMIEMEVZEESZL DT X7 v F0NEIE STz, Fig.
3-20, 3-21, 3-22, 3-23 |ZIATFIE I 8 ppm, SUS316L-80, 60, 40, 20 %CW DR o
SEM %% 7~9, BT O —FBIZ SCCKm A W b, 2T TGSCC Th o7z, Wi
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OINTIEDOFEHZIBW T SCC MRELIAMTEN:T « TR S NT-, £72 80%
CW Tl SCC AR BN CHEWrmE 2> H IE FHIC 2 IRE AN A STz, o nTE D
REFCIXZ DXL Y 2 & EIIR N o T,

1mm 8828

Fig. 3-16 SEM micrographs of the fractured area of SUS316L-80 %C.W.
in 2x10°° M Na,SO, when DO was 8 ppm. (a) at low magnification
(b) at high magnification close to fractured area

Fig. 3-17  SEM micrographs of the fractured area of SUS316L-60 %C.W.
in 2x10°° M Na,SO, when DO was 8 ppm. () at low magnification
(b) at high magnification close to fractured area
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1lmm 8858 34 kU 5 : _' \r‘E‘}J-rr- 5:85'

G R

Fig. 3-18 SEM micrographs of the fractured area of SUS316L-40 %C.W.
in 2x10°° M Na,SO, when DO was 8 ppm. (a) at low magnification
(b) at high magnification close to fractured area

Fig. 3-19 SEM micrographs of the fractured area of SUS316L-20 %C.W. in
2x10° M Na,SO, when DO was 8 ppm. (a) at low magnification (b) at high
magnification close to fractured area
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X158 188rmm

Fig. 3-20 SEM micrographs of the fractured area of SUS316L-80 %C.W. in
2x10° M Na,SO, when DO was 8 ppm. (a) whole cross-section area
(b) a magnification at the crack initiation part.

Fig. 3-21 SEM micrographs of the fractured area of SUS316L-60 %C.W. in
2x10"° M Na,SO,when DO was 8 ppm. (a) whole cross-section area
(b) a magnification at the crack initiation part.
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Fig. 3-22 SEM micrographs of the fractured area of SUS316L-40 %C.W. in
2x10° M Na,SO, when DO was 8 ppm. (a) whole cross-section area
(b) a magnification at the crack initiation part.

Fig. 3-23 SEM micrographs of the fractured area of SUS316L-20 %C.W. in
2x10° M Na,SO, when DO was 8 ppm. (a) whole cross-section area
(b) a magnification at the crack initiation part.

Fig. 3-24, 3-25, 3-26, 3-27, 3-28 |4 DO : 1 ppb, SUS316L-80, 60, 40, 20, 0% CW D7 — S
DSEMEBTH 5, 413 SUS316L-80% CW THJ 681, 60% CW THJ 261, 40% CW
THJ 34 fi, 20% CW THJ 26 fil, 0% CW THIZIETH Y, EDFEHIIBWTH ELRUT
FyXUTEHICER LW, FEfE LS A&ADRZ AN, WThoOITEICE
WTHTRYBRIIHERTE 22, MTEC X 2T R SN0 -7, £7- DO : 1 ppb
DFEITIE. BBHREISK 3 um ORLFIROMEMRZHR O, v X THDOI7
HPREIERICA SN, (EWIZDO: 8 ppm DFAITITR B h - 7=, Fig. 3-29,

3-30, 3-31, 3-32, 3-33 {2 DO : 1 ppb, SUS316L-80, 60, 40, 20, 0% CW Ofiflr i > SEM £ %
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AT, WTROFEHI W T bk O —5BIZ SCC kMmN i b, mOBEEN D b
TEMNEFE L TV D Z RN oTe,  SCCHEMEICIZ Y N— 32— RR 5, 8T
TGSCC TdHh -7, F7=,80%CW TlL SCC A I I\ TREWT 2> 5 T EL 7 [A)12 & N
RNz, ERRoSEItH 2D CTho M TEORE TIZZ D L 9 R 2 REZUIA BN
72hro T, SCCREHE LASMIIENET ¢ o T VDBl STz,

LGS C S

Fig. 3-24 SEM micrographs of the fractured area of SUS316L-80 %C.W.
when DO was 1 ppb. (a) at low magnification (b) at high magnification close to
fractured area

Imm 2832

Fig. 3-25 SEM micrographs of the fractured area of SUS316L-60 %C.W.
when DO was 1 ppb. (a) at low magnification (b) at high magnification close to
fractured area
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Fig. 3-26  SEM micrographs of the fractured area of SUS316L-40 %C.W.
when DO was 1 ppb. (a) at low magnification (b) at high magnification close to
fractured area

il 8878

Fig. 3-27 SEM micrographs of the fractured area of SUS316L-20 %C.W.
when DO was 1 ppb. (a) at low magnification (b) at high magnification close to
fractured area
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Fig. 3-28 SEM micrographs of the fractured area of SUS316L-0 %C.W. when DO
was 1 ppb. (a) at low magnification (b) at high magnification close to fractured area

1ram

Fig. 3-29 SEM micrographs of the fractured area of SUS316L-80 %C.W.
when DO was 1 ppb. (a) whole cross-section area of sample (b) a magnification
at the crack initiation part
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Fig. 3-30 SEM micrographs of the fractured area of SUS316L-60 %C.W.
when DO was 1 ppb. (a) whole cross-section area (b) at high magnification
close to fractured area

Fig. 3-31 SEM micrographs of the fractured area of SUS316L-40 %C.W. when DO
was 1 ppb. (a) whole cross-section area of sample (b) at the crack initiation site
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Fig. 3-32 SEM micrographs of the fractured area of SUS316L-20 %C.W. when DO
was 1 ppb. (a) whole cross-section area of sample (b) at the crack initiation site

Fig. 3-33  SEM micrographs of the fractured area of SUS316L-0 %C.W. when DO
was 1 ppb. (a) whole cross-section area of sample (b) at the crack initiation site
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80% CW MW THEIIENICBIER SN2 2 IRE ZUTHWT, & — V¥ A& g 7 161 (TD
i) HBLEE LT fE % Fig. 3-34, 3-35 |25k, Fig. 3-34 1% SUS316 1%, Fig. 3-35 |
SUS316L M 2Bl L7-#ERTH 5, X L FA5IHEI H(RD J ). /247 03E 5 7 (ND
HENTH D, WTNOREINERIC & & ZUIFEME L TV, £7- Fig. 3-35 75 & 2430k
Wrikifh i DR v F 0 ZETIET TR < FATHHICE W THFEL TVWD 2 Ebnd,
Fig. 3-35 Tl HE 2 HHER L7z 1k 2o CEME 7 ISR T 5 250 2 kR & 20
BNz,

(a)

!

Fig. 3-34  SEM micrographs of secondary cracks of SUS316-80% C.W. with DO of 8

ppm. (a) secondary crack at parallel part, (b) high magnification of primary crack .

Fig. 3-35  SEM micrographs of secondary cracks of SUS316L-80% C.W. with
DO of 8 ppm. (a) low magnification, (b) high magnification of parallel part.
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3.4 EBE
341 SUS316L 27 v L ASAIZEIT 5 SCC RBR
3.4.1.1 SUS316L iZRBI} % SCCRERZMEIZKIZTMIE L DO D

AMFFETIEL SUS316L AT o L A D iy IR i 7K i o C 0D SCC # BT 3¢ i n
T.ORBENP LN E 5T,

RO & BN OEREE, O 2 RIETE PR O % Fig. 3-36, 3-37 IR,
SCC = AW s MR & 0 NESIZ I 2> THER L T4 O T BV i 8 13 & D
SRS LTV D LWz D, Liedd o CHIFUIE =1 & MO REEIIEE A LT
B eI LINTE S, Fig. 3-36 (2 DO : 8 ppm ICkB 1T 2 &%, miERE L O
WrOT R RIFETE FROBELE RS, MTEOHEIMI &b v, SO NEHER
25 BITHIINT DM R b7, & HOE ORIV O N XA W O 7 % i)
SHD LT DN ILEOBIN & b 72 W BT O B389~ D5 F & RIS LT
%, Fig. 3-37 12 DO : 1ppb (28T 2 ZHDO¥ & X AHOmBEE L B OT AR RIFTTIET
DEBERT, 0%MTHZERE, ITEOHEME & b &2 EHTH KT 543,

VY0 AR S S A N AT - [ R B

. . . . 15 R

O Fracture strain ®
25F A  Number of crack 8 o
&4 Crack - area ratio t 3
° I
S 25
- L 7H
£ 1023
S 20} g @
7 =5
Ry
o o8
= b=
] © ©
(&) - 5 | S
S 15} 3 .
s S5
c O
1 E
X 5
8=z

S

10 : ' 0 ©

0 20 40 60 80 100

Rolling reduction , %

Fig. 3-36  Effect of rolling reduction on fracture strain, crack-area
ratio and amount of cracks; 8 ppm DO.
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30 T T T T 80
O Fracture strain

A Number of crack
< Crack - area ratio

N
o
T

Fracture strain , %
5

O L L L L 0
0 20 40 60 80 100

Rolling reduction , %

S
(e}
Crack - area ratio of fracture surface , 0.33%
Number of crack of side surface / mm?

Fig. 3-37 Effect of rolling reduction on fracture strain, crack-area ratio and
amount of cracks; 1 ppb DO .

SCC BlG: 2 MBI RE 2 BRI ZFEH L TE 2 CTh D, MBI 2 E S D ER & L
T A A DRERITH D03, AR THWAKERIL CIro L 9 728 6 2w
BB B E 72 A U NIFEE S, £72 SCCRAZMET S L MiEShTW\W5 SO
REGADLEIMZOEN TS, TORDEYA 4 2k HILREAD SCC TiE7AR
W2 ERDND, LI~ T SCC ORAEDIRIN & 72 2 RMBJRER E DI IZ TR 2T
v TN K DB 7o i L R DI TAC K 2 OV AT &0 Al e R IR R Bl 23 C
Xl EEZ LN, IEAEREISES P3G TER S A (APC : Active Pass
Corrosion)f#t# & /K FEMafk.(HE : Hydrogen Embrittlement) 23 & % , W3 1L OFHE & B 5L
WRBRIEDRFEE > TEB VT /) — RS &Y — RS THEA TV, Fig. 3-38 12
APC ##%¥5 X OV HE #iE O % 7R3, APC ¥EIZEIN e 7/ — R L, &l
NHRERTLHILOTHD, —FH., HEEIZ D Y — RS TEUTAKENMRAL, i
JeiICHEEL - AL L, BN ERTIHEDOTH D, 86 L0HE L BEXULF L E E
Z1F ERIVBZ DN RT D,
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Cathodic
2H" +2e — 2H
120, + 2e — 20H"

Anodic
Fe — Fe™ + 2¢

(a) APC process

Anodic Cathodic
Fe — Fe"+2¢ 2H"+2e —2H

g 4

. 2
*apguns?

..lnl‘

>
.

H

(b) HE process

Fig. 3-38 Initiation and propagation mechanisms of stress corrosion cracking.

DO : 8ppm T SCC Rk H D JEF R FEN LA 110~160 mV THREEIKICH D | REkE
IO ZEMIZR N EB 2 HID, Loy LREEBISICAIE L T CHEEMTHDH720,
REREREA G L, FERAENT 5 & TOHMET 7 — REfMEEs D, =
FUTHARN T/ — R AMBEERIES B Y — K & 720 | HAER ISR LA ERE R o m g
DIEFWIZRENWTZDTH D, Lo LB S NMHEFIR D DIEFERHEN 53 Th D L ZE
IRAVBRER SR L, 3 SICHNMERELT 5 2 & THRINOERITITEN S,

DO : 1 ppb DHBEIE HRENLD3KI-220~-530 mV T, JEVERBIITICALE T 5720, &
BYRE R BRI LR 2R RE C BT O FE HBEEE 3 2\ AS BN AME 7 09148 T O Ak i 1
WL RN EBEZBND, Lo L SEM Eifgh & sk i O L& PHICAT IS iR T & 5.,
C AT R IRIRAE 2 0 IR CIRIR LT A A2 03K M) & 72 0 RIRNIAHTH L7272
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HTH D, 721K DO BREEIH Tl SUS316L AT > L A FH O ABRE F 50D % 5 ik B2 AME
TT5L0MELHDH ), L7=2A->TDO:8ppm DL X LT, RNMEHER L2V
FEZETHDHEER D, EDD, EHNLIFALILEEZ BILD, DO 1ppb Ti,
ZHOMEREE DN LE ORI & b7 Uiz, APC #tEciltgI 5522 &
BEALDMEN T2 OERIEFED RN Z LT RAER TH D, £72 DO MENWTZDIT T Y —
REOSBEIH ST 7 — REOGHIH &N D 2 & biEREE 2B T2 HEHATH D, L
72U APC #if & V(7R OB O HZ TIIIN TEOHEMZ & b2 WiEREENEL 725
BT TE 2RV, Lo o TEROERITBERUL 2 OG0T TldZe < Btk
WEINLEEZEX NS, TRbbL, ERTY Y R&E TOISNEFIT L L8R ERE
AR - FAEREIC X2 BAILAOSTER LTS, DO : 8ppm B L KM ipph EH 5
LI TEOBEIMIE 2N EHOEITIEAL TV D, ZHUTINTEREWIE S0 d
RY ATy T ORI L0 REKEA L 720 | 2 OREER. REZAERT 2 B e
DRIEHIKRT D, NERBEIED K132 < 725 Z & T SCC DA & 72 D8 A D
HHENRKREL 25720 Th D,

W ONT I L EE DO¥EINZ & 6 22 MK < 72 ) (SCC DS MEDIEINZ 7R/ L T 5,
DO:8ppm, 1ppb WTHNDELETH, MTENHEMT 5 & X RHOBITNT 5, —Hh.
A OMEEHE I TR O & 6720 DO : 8 ppm Tt A L, DO : 1 ppb T3l
LTW5, FHE S 2 DO : 8ppm. 288°CHOBRE T /327 5 3 2 (CT : Compact
Tension) Bl OFER &2 W TS DB REINRBRZ 17, S 2ER LI TE{LoBR % K
FHLTc, ZORERE. BRI TE OIS 2 EREE NIRRT 5 L A2HE L TEH
DARIOFRE L —HLTWD, MM LA Z & THEINEICEM A ER S L, M
BINEBICIERIS DGR D, EDTeO X WP AET D & EHO LM TS HEFDE
X%, BENITBFBENHDIHEET D120, RO R IS hETET /— K
AR, MEtERmE EORBRERZEECIX D Y — RSN Z 5, 207, DO : 8ppm DB

IS TE ORI & & 2 VRS E SR T 5, BLEDZ &225 DO @ 8 ppm
& DO : 1 ppb IZFHBWTHFANTE & SCC S MEDBARIZIR /2 > T\ D 2 E BRI
77

3.4.1.2 SUS316 AT > L AEHD SCCIRRZZ M I RIF T HBYLAAE Kk MEIRFBILIC L B8
&

3411 T/RLIZX DT, IMITIZ &> T SCC ZEFZ{L L., %2 DO:8ppm DL &,

68



80 %CW #1723 & i\ SCC ISz A R L7z, £ Z T80 %CW #1ZoW\ T, 316, 316L
B O 316 S VAL D ZE B D EL MOV TG L7z,

¥ 77, SUS316-80% CW & [FFEI O SUBULILERS % ik 35, — RIS LB 217
9 LRIFUZ Cr IRALI AT D72, RIFUIEE T Cr 3RZ LR TE e R AN
SN2, EDTd R AR E L TERNIAET D78 SCC IS MRS IEINS 2 &
WG STV BHE0 s LB LALERES O 7 IZRE T O A O IIAFED bz, Zh
IS ALER DR FE S 650 °C & Fe O P SLIRAE(400 C)V L v L E Wiz, [Bl1E -
R o727 L EZBILD, 12 2 OBEIISBAC IR DRSO AME T
LTWaZ ELEATE 5, Fig. 3-14 (2 X 5 & S LALERA Ol 12 7 S 7z & 24 3e
TLTW, ZhUZ EREoEE « BRI & 0 SR R b Uiz 2 & RO b L
2K > THRER ORI RE L N AL BN TR > o e ORI » TEHDPIEIT L Tne &
EBZ OIS, R OBIZEDN D U N— N E— U R EL ST T2 ORI IR LT
bV MERETHA L7z IGSCC AN~ HERT 512 H 720 TGSCC IZZ& kL= &
Exzbivs,

3.5 HE
20~80% D A RINI T L 7-SUS316L A7 > L A8l 288 °C D &R LKA TSy
J&E BB N R E) 2RO ol S BRE(SSRTIC L W R L72fE 3 LR D Z & b oz,

1. DO : 8ppm DA KEHR H CIIM TEE R K X < 72 B IZfEV SCC AW ONE HFRIC
NS 2D, o E, RmEIENKT HEEE, RO ESEREEITE I
MTRE L EBIZREL 2o TN,

2. DO : 1ppb OFHKIRIEF TIIMMTEDBIC & 72> T, REIAERT D &2

TN L, EZLEREE I T Lz, ZOfE 5%, SCC MR ONIIN TE 40% 0 &
=N Y NN Y
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A SUS3I6LN 27 v L ASOEEEEARKES O
71 BB D3 ENLE DOFE SRR AT

4.1 #%

SEPE O T4 BB O NERICEENT 7 & D R a2 F6 42 S8 BPBF O & 0B IRIS /172
EDIEHFFEDO A A B 72 53, ENICI W T B0 H 0 S I T & it LI B Fy
P2 ED HENMTOA TS, A= =22 ATV NS T 0 Y = 7
N (STX-2) D CIZEREM B TV 2 = 0 A EEOfE SR 2 B LS 2\ VT L7
7 AMbT D Z LT K 0 AEHERE 2 RIS 1A b S D SR 2 ML L, SROVT AN
T.1%(SPD : Severe Plastic Deformation) i3kt % 72 FiENH Y | REMZRTIEEL L THDY
R LEAELE (ARB : Accumulative Roll Bonding)i:®, HPT (High Pressure Torsion)Vs
©_, ECAP (Equal-Channel Angular Pressing)(10y%, FEEEIEHH:A (FSW : Friction Stir
Welding)1V02yE7e B3 5, Loy LERONT AN TEZ WA BN O J1 578 s e m) Eiz>0n
TOREITEL H DN, WA LT e <BRINTIC X o THHIE U7k Sobins &
EFTRHEBICOWTUI AR AN L AFET D, Bl ZATRISE R & BN T.o LR T,
R B RS PE SN TAC K W RIS AW L g ity L S p M b 5 i
IZKBIEND, —Ji. AT v VAR = v F VRS & OIS E A E S B O3
LS TRELRD Z ENERMEN TS, ZHUTI9904E# = RS [E TR 4 L=
BWRIZH T D AT v L AHD IS TG RFINEH) /5N Th 5 23 % DJFFEIC
DWTIEH BN TIE AR, L LT T > M EOREY) ClaiEsE, Rl Lo T
78 ETHRERE R KOO T AREAIN TN L7, IS EREIN R4S
HAREMEIX I H D EF 2D,

JEHERENORFTED L < ITEBBLE D OENORERICOWNTTH Y | FEICH
LTI 2w, ISHEREENIIM N ZD%RA - KEIC K D RFMEERSE THH Z &
DD T E R BN 2 R 3 5 72 DI BN OHERE 721 TlidZe < | Bl EDBEL
AL AN ET D Z LI EETH S, TCSCCITAE MBI, IGSCCIL ik ki F AN A R AT
(272 D72 B DR EITITAS PR M DI Th 5, BB ORS RN LI
BT #1% J7 ELIET#T(EBSD : Electron Backscatter Diffraction)®73 & %, EBSDIZAf Bl
IZE T B — D E WU L, MBS A SR - [B13T LR E 2> D U S 7 SO B IR
ZRRH U RO S S 0L A A RO AN A I T 2 1M 255 ik Th 5,
EBSDE:E % F VAU EIRE DO X U A — b A—F — DD HFA oA 2455 2 L7
FRETH D72, % < OFFFRICHER Sh T 0%,

KRETIIA— AT F A FRIERERT > L 2RI @RS T KR TR O o
AR (SSRT : Slow Strain Rate Test) 1TV S /G & HIAL 2 84 S, EBSDZ WV THIZLS
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AL AEERERR. S DTN E DRREMNT L, IERXEIE 2 7 0okl Em B an b
DRI 21T - 72,

4.2 ERFE
4.2.1 BERFER

MBI T.(E TR © 20%) % i L72{KRFE AT o L A8l SUS3L6LN % v 7z,
TN ZEFEM T TE D H L, PSR D BB TN Uz, 3 4-1 Ik o1l
FHRAR, Fig. 4-1 12BN Ok 2R3, SRBRATLHEL & LT SiC #&T#1200 & Tl HfF
BEL., A YEL RRX=Z N anA XV i CHmICHE LT,

Table 4-1 Chemical composition of the material emploved in the present chapter

C Si Mn Cu Ni Cr Mo P S N Fe
Type316LN [ 0.009 0.39 14 0.26 11.61 17.44 2.04 0.0026 0.0003 0.102 Bal.

29 10 23 %

NS

Fig.4-1 Schematic illustration of the flat tensile specimen for SSRT.

422 IHIBEBINRER

SSRT #RBR I TSI IEBR 25 8 1+ & 0> SSRT #REREE 2 W CFERTLS 3R 0 3R & O3 7
HEE 5x107 T THUWS 20 IZHEET 5 £ T o7, ARBRERBTIZIRE 4 288 °C. £ %
7.85~8.33 MPa & L. YAWEIZIATFIAZEIEE % 8 ppm (ZHIfH L 72 10"M Na,SO, % v 7=,
Fig. 4-2 |Z SSRT RERIED/MEI G E. . Fig. 4-3 (2 SSRT skBRIE DMK 2 773,
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Fig. 4-2 Photos of the slow strain rate testing device with autoclave unit used
for SCC test in this work.

Back Pressure Value

Specimen

Heater

High Pressure Pump

Fig. 4-3 Schematic illustration of the slow strain rate testing in BWR
environment.
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423 BEFHRZRITEELEYT

SSRT itz 5l VB L ~A 7 ah v ¥ —2 X0 = o HA%28 0 LT,
= AR BB EE(LL T SEM @ Scanning Electron Microscope, FE-SEM, JEOL
JSM-7001F)IZ TR mEBIZE L J84E L7 S &R0 ok kL Tk LU EBSD #IIE #1772
W, B oNTeT—F L0 EETEAINL LRSS RGN & OPR AT L7z, SSRT #k
% OB N ITIA LA AR LTS 72D Arf ARy 2\ TR b & Rk LT
%2 EBSD HliE #1772 o 7,

4.3 fER
431 SCC#HB
4311 EFHREIFEELRIYT(EBSD)

SSRT BRD IS — O il & Fig. 4-4 (TR, AEBRITHER T OO 20%12 2
THETATo T, EBRKE TR, BB I3BEEETH L Z Enboolz, SSRT iz D
T — D SEM B AAT o TofE Ry TR0 BROIAAED RS T & 72, SSRT % 07—
TERIZ T B FEBEL SEM B X UV E N E N OFEIKIZ OV T B v 7z EBSD JHIE R R
% Fig. 4-5 |27~ Zh b d EBSD MIERRIFELE (ND) EIZXH LTHTEY, Ko
RD Fa&3IEY H s —&HSETERLTWD, Mo RD HE, TD FiZEhEh
SSRT FREBRICHHE S, ARG TSk LTV %, Image quality (IQ i) 1%, /S&Z—

800 - -

600

400

Stress / MPa

200

0 0 10 20 30

Strain , %
Fig. 4-4 Strain-stress curves of the Type 316LN Stainless Steel.
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DA AR LIMET, ~v 7 ETHLWIEEREAEOR T OBAMER @
EEBEWRL TS, 1IQ MK T 2EK & LT, REEREOMEBES, MTEICX
LOTHMNENZ L7 EMzF 55, Inverse pole Figure (IPF) 1, JIE L 7= xt
LT (Fig I% ND (2 TE[ED) , ffdh i OSSR 2 W i S M T LTERRLEKTH
%, B2, M THFEOMIITEmA (111) HOMERBLTHL Z L 2R L TWD,

Grain boundary %, BV & 9 v B RILORG TN ZED 15°LL B TH 256 1T sk
R D LR L CTEAREE T 5, Unique grain color IX grain boundary map CTHEE &
TR OB RSN R M AR T~ v 7 Th D, AEKRICERITES,
FERRRLZ AT 2 7o 2T ST D, IRIC SEM B THER T & T A DFE A
AL % JRFRC Fig. 4-6 ICR T, ZOKIKE Y, RNICH DT 0N HIA LT ER72T
T, RIRICRE LEERLFET D I RN o, TROMBFAORHMER~D
To®I, RIPIZIEA Lo E ZUTeF L CIEkbda rhn, R & ZUTBI L Tk, EHERAEL
T2BE Y & O R RRRLD TN DT 21T > 720 LLT, EBSD i TH LN R &b 5,
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Fig. 4-5 SEM image of a sample surface after SSRT and corresponding IPF
map and 1Q map obtained by EBSD analysis. (a) SEM image (b) IPF map

(c) 1Q map
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Fig. 4-6 SEM image of a sample surface after SSRT and corresponding IPF map
obtained by EBSD analysis. Red line indicates crack by surface observation.
(@) SEM image (b) IPF map
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4312 fEEEFALE AW TORNEINET

EBSD 2534 L 0 15 54072 IPF map 7> 5 SCC RADHF I 30 B9 BIER L= &b
B DTGB L DM 21T > 72, Fig. 4-7 (21O S #&F (fee - face centered cubic)
DTV RERT, feo BJFEOT Y EIT{1IYE, $<0 SHEIE[110]. [011]. [101]T
Hb, F-UD)EZ G TR EN 4 FEH Y | FT XD HEIZH LT 3EDT Y HH
DPIFAET 27280 TR0 R OHUT 12 & 72 5 Fig. 4-8 (253 it AW ) O 2 77,
TR BERIISINC LV E T DGR T, X0 Fow ABIS Itk & 7e 59
RY KT, ZORKEEMEEA OREAE AW Dt03% L < 72 DR84S 5, Fig.
4-8 \ZBITFTHEOWHEMEEZ A, SIRVIGZP L35 L&, BIIRVEE T mOE
FRE2T Ao LOIRVENE TNV HmbDMoMmz 0 L3, 4-1) X»Brd 5,

T= gcos ¢ cosB =1, (4-1)

cos ¢ cos® % Schmid A1 &\ 95, AKBFZE T L7~ KRE AT L A4 SUS316LN (%
fecc B THHOHTNY mIE{111}E TH Y . 7Y J7\iE[110], [011]. [101]TH 5,
¢ =0=45°D & = . Schmid K1 IZHEAKfE 0.5 (2720 . SfiEEAMIE bR KRIEE 25,

Slip direction
[101]
" / Slip plane (111)

R N

Fig. 4-7  Aslip plane and slip directions of face centered cubic lattice.
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- Load direction

Slip direction [ | p

y N

L

X%E% Slip plane
e

T~

v

Fig. 4-8 Schematic illustration of the relationship between a stress axis and
slip direction in a crystal.

300 T T T

I Crack
I No crack
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Number of grain, N

50
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¢/ degree

Fig. 4-9 Number of grain boundary for each ¢.
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FI TR0 &SN E OBIRIZOWTRETT 5, BlE2 LN o2k ik s &
FEdm D ¢ & Fig. 4-9 1279, RINFIN DR C & I o o OF I 2 & RINEIILH e
BTE AR OME 2R TR LTz, Fig. 4-10 12, 4 ¢ #iPH TRINEIN AT A L2 fs i
% OFPH OFE IR I TEl - - RIN BN R AR 2 T, Fig. 4-10 X 0 RINEIN IS
H T 30~40°The b < 72 o 72, Fig. 4-11 (2 IPF map 7> H 15 S /- KAl Shr O HIfE & ¢ D
BIfR A BN AT LIofif A IR, BINAHEGE CE WA F C/R7. IPFmap Oilc
FEET DRGSR U I IR HEE TE W2 Dsk Lz, Fig. 4-11 X 0 BIERER NI
BV TR IRKIO AR L 4000 um? LR AE N2 &8 o 7=, Fig. 4-12 \HE SR o s
(2 DRINFINVIE B & 7R T, RIS K E <72 D12 & b RWRINEIN IS AR
DE <R TND T Enbnrol,

15 T T T T T T

o

>

>

]

= 10} .
@)

o

@)

(@)

S

o

X 5

(&)

©

S

@)

0
5 15 25 35 45 55
¢/ degree

Fig. 4-10 Crack probability distribution against the angle between the normal to the
slip plane and the applied stress direction, .
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Fig. 4-11 Relationship between the surface area of each
grain and corresponding ¢ value.
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Crack probability , %

20

500 1500 2500 3500 4500 5500 6500 7500 8500 9500 1050011500 12500

Surface area / pm’

Fig. 4-12 Crack probability distribution within a grain
against its surface area.
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I E R LTS8 & DRARIC OWTHRETT 2, sUBHR M IS I8 AL L 7RI EI L & s il
& D % Crack angle & €% L. Fig. 4-13 |2 Crack angle DR &X & 7~xd, F&4E L72kL
W#EL % Crack angle THEEL L 7204 & Fig. 4-14 \ZRk 3, Z O X 0 RN ERUITIG F7 i
(2%t LT 30° LA DA TIAL TV D Z LMo Tz, FETIEHIIT3 LT 60~90°D
AEEZATHENNL L FAEL T, Fig. 4-15 12 ¢ & Crack angle DEAR 2777, %
A LTERINEIFULIZ ¢ & Crack angle & OFHBIIZ A G2 o7, FBAELLENOR S5
i % 3K 8O Fig. 4-14 T7x L 7= Crack angle 43/ lZ E 42 T Fig. 4-16 127”737, Z DX X Y Crack
angle 7% 60~90° THA L72HIIL DK 13 40um L AL TH -T2,

GB
crgc
C I . .
< 7 A 11<;er Load direction

Fig. 4-13 Definition of the crack angle.

—_
o
T

Number of grain, N

5 15 25 35 45 55 65 75 85
Crack angle / degree

Fig. 4-14 Distribution of the crack angle on the Type316LN
stainless steel subjected to TGSCC.
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Fig. 4-15 Relationship between the ¢ value and the crack angle.
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Fig. 4-16  Crack length distribution with respect to the crack angle

shown in Fig. 4-14
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4313 FEGFAEZ RV TCR BN

i EAE RO R E T H RGP T A LI R EIN 2 D 5 fE5h O FAL =D DR
Wra1T o7z, Fig. 4-17 IR A FIN O % 7~7, Fig. 4-18 1T IPF map 2> L5 H 7= 4
FEAB RIS D L7 L i A R, fdn TALZEDS 50~60° DRI THRIIGKII 2k TR L
2. Fig. 4-18 £ 0 fkEh AL ZEDY 40~50° DRI N L K FEL TWDH Z Enbhoiz, Hih
DI L TR R OIRE & BRI ELTHI D 2 & TRIABINORAE A & Kb 7=, Fig. 4-19
(A T ZE & R EIN IS AR O BRZ R T, fm AN m < R DI 8 bkt
FNFAEMEE G E < RDMEMB Do 7o, KFFEINITIBW TSR & Bl & D Crack
angle Z k7=, Fig. 4-20 |Z Crack angle &R &L & DR EZ RT, IGflicx LT &
@%ET%&%%Mﬁ%ELTV%:&ﬁb#oROHg421K#%ﬁﬁ%kcmw
angle ORMR % 759, Fifdh AL 72D 40~50°12 W TR EIFL D Crack angle 134 (12
i LTz, Fig. 4-22 IZHE T2 E R EINE S OBfRE =T, BELZENLDOZL
I% 40um LU R OEWEIFLTH > 7o DNEIFVR A58 O @O da AL 7208 40~50°123 T
80um = THEE L7-EIh bR T & 7=, Fig. 4-23 |Z Crack angle & KiAREINRK S OREG%EE
~9, Crack angle 73 30~40°DHIPHIZFIH W T bEIN DL S FER TE 228, BV Eihs
ZHTH > 7=, 80um (ZHEE L 7= E|#ui Crack angle 7% 50~60° T - 7=,

nERALA

brd--Y T3]

Fig. 4-17  Schematic illustration of inter granular stress
corrosion cracking (1G-SCC).
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Fig. 4-18  Histogram of misorientation angle of grain boundaries on the
Type 316LN stainless steel.
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Fig. 4-19  Crack probability for IGSCC on the Type 316LN
stainless steel with respect to misorientation angle.
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Fig. 4-20 Histogram of crack angle obtained for IGSCC.
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Fig. 4-21 Relationship between the crack angle and the
misorientation angle.
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Fig. 4-22 Relationship between the crack length and
the misorientaion angle.
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Fig. 4-23 Crack length distribution with respect to the crack angle
shown in Fig. 4-20.
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4.4 E5
441 RN SIEEBINICIT 588 BT ARNT

FPRINIG S RN &R T OBRIC OV TEREITH, Fig. 49 XY ¢ M
20~50°DFEMMNE K TFEL TNDZ EBDD D, ¢ X8R fih & 3RV [ OERD S 72
HRETEH Do AZE T LK RFE AT > L A8l SUS316LN 13 fec &)/ TH H 7280
TR EIT{UL IR D, ¢ DY 20~50°DFEE N Z N Z & HEEREND )X
(001) i 35 L VL0 F T ATV VT AMESEAIZBLIA L TV D & & X Hivd, IPF map £ Y (101)
A ND FIICZ <R T&E 52 L & —89 5, SEM %35 L OV IPF map 7> bk
IZTROMAHERCTE TR EHO—FAHA L OIS IEEFIILOE A & 72> T
Do BBROT R RZOIEEEOE L LTHWSIS Schmid K113 i & 920 )5
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Fig. 4-24 Relationship between the ¢ value and the crack angle. The
red mark indicates the condition where a crack crystallographically as
well as fracture-mechanically initiates at a minimum stress.
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Fig. 4-25 A model for the initiation of TGSCC.
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