RN oEEE T OUT ol

Quantification of Rust and Prediction of Cracking
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Metal corrosion was classified into two types — general ( or uniform ) corrosion ( rust ) and passive or localized corrosion
( cracking ) — based on the characteristics of corrosion damage morphology and of corrosion mechanisms in order to summarize
the concepts regarding the evaluation of both corrosion types. In addition, this article presents scenarios for the guaranteeing
through tests of the long-term soundness of materials used for plant components and the evaluation of stress corrosion cracking
in the primary water environment of Pressurized Water Reactor ( PWR ). Such evaluations are being carried out intensively in

recent years.
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Fig. 1 Concepts behind classification of corrosion based on characteristics of corrosion damage morphology and corrosion mechanisms, and life prediction
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Fig.2 Classification of corrosion based on characteristics of corrosion mechanisms and morphology of corrosion damage
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Fig.4 Example of cracking in stainless steel

HALWIEREE NaCl (% )

0.001 001 0.1 1 10
200 Fr ‘ ‘

T (C)

.

10° 10! 10 10° 10* 10°
ALY A & i CL (ppm)

(7£) # Bl : Type304 A5 > L A4
R X (7]
X D = AT
C BB BT 25V NIRRT
- —HFE (4) & scc, ZHFR ()
3 EE, =MHHE (F) 3LEERT.
CHAEL S OFTIIE 1 RISRT.

F£5E 27 LAMOILA TEIEA OV (SCC) FE
TR (IREE — SRR )
Fig. 5 Areas of stainless steel with pitting corrosion, crevice corrosion
and SCC ( cracking ) ( temperature — chloride concentration
diagram )

B1R HlLLov, SR, arn BHRZEO B
Tablel Standards for degradation level, risk of damage, longevity and
sensitivity to damage

HALL v TlAEmER F o fy [zl sa
3 >0.01 =2d =
2 >0.001, =0.01 >2d, =4d a8
1 >0.0001, =0.001 | >4d, =10d 15
0 =0.000 1 >10d %

(&) d - EHimAH e

) i - AR~ Y 7 ) RICRET. S 612, IRE
% 50C &, HAULWIREZ 10 152 LX) - 72588 T,
B1IRIIRTHBILL AV EE YIRS, 728 21E, 70T,
500 ppm [ CI"] Ti&, fLEDY 27131, TEFBEEDY
A271E2, SCCDYAZIZ1 THAH. LIzaoT, “O
0" OFBIEL)VIE 1 THDH0 5, BHEERIZETH D,
=L LCIE 0.001 ~0.000 1 FEEEIC2 5. TILH O
MM, BT T Y MDA YT F v ADBESEEALOH
7 LIZOIEH SN TV 5,

Type304 ( 18Cr-8Ni il ) IZXE SN LA — AT F A4
FRAT 2 VA, € DOWEFAB TR Cr ALY
(CryCo) DT L, ZOEBEETY M) v 7 AHh5
D Cr JEEUBEND A U B 728, Cr fAtWICEES 20
/NGRS T Cr K238 (Cr B DS, Type304 O 18 % 2%t
LT, R2%LLTIC% % ) B ENIHEEE K, vwb
WAHBEAL AR T, COBBIL L2227 v L A5
AT D O IR, Cr BRI R 2R 5. FER
WZHBALIZ L 2 “ O AT Lm0, MR (6
D% C 1250 AKAF ) — IR (800 ~ 450T IATH L)
— R (B ~FT Il ) — Cr RALIAT I B LARIX
( TTS ( Time-Temperature-Sensitization ) Fi[X (¢)) TF X
NAHHHALEIR & B EOBERE L OBR TR T 5.
SO (R, © Reactivation Ratio ) I JIS (Z#EfL (7)
L72DOS 7 A% — 8 2T, JEEICHIET 5 2
ENTEDL. PR L L CQdilho% C 2ET &
72 Type304L §ii5°, Nb % Ti T C % [H5%E L 72%E L
REDFFEIN, FERLZIN TS,

5 6 RHFFEMETEBE I c B A 8UL L2 A7~ L
AT OO MR O AR AR & FEg

IHI 53 Vol.51 No.4 (2011) 51



wE (ERT)

N
itk iy
CIRG ‘ ‘%#ﬁmTH
i I R
5 I I |
® : 5ESAL Type304 (R,=35% )
- 41 O JEEEAL Type304L (R,=0% )
]
E 2
Wy 3
:E
g -~
v o2l
g %
L
0 [ 1 | |
1072 107! 10° 10!

&R Cl (g/m?)

() 3 BRI R BRI R R R
Mo AT LA
56 X EEMHEEESEC B BB L2 X T > L AEOT Y
SO AN R AL, B & ORI
AT v L AL O
Fig. 6 Dependence on amount of adhering sea salt of average rate of
cracking in sensitized stainless steel in wet oceanic environments,

and cracking rate comparison between sensitized and
non-sensitized stainless steel

BALA T~ L A8 & B L TORT. R, = 35% D5kt
MCIIMIEEED 0.1 gm? 2R 5L “ OO &S
L, fEERomme & 122 0iEREE IR E (o
T, —F, FESBULH (Type304L ) TIE, MR
EEREE (g, PREM 22 L) 12BWT " OO %84T
BTl B, 86 RITIE EMRERICBT
DIfEHEER AR L7 W CREESATCD, WL -
CRSHE AR SN2 — 5 CHERRIC & 2RO L
ARELVERTC, EEEENS 25,

T, SMEPEZL Sl TR TORAY
OV RS DA H L Z EDHERR ) EhiTw
5. LOEELWIBABRIEIC AU, SIIL L T
T, MR X 53, 00 IR EERRER L
THERT 2.

COVT DT AN S TH L, ERRIZ OV
DEFEET B F TICIERERI Y, EFEaE D, O
O PREELEMNTH-TYH, FOREHEGITHIC
BUUE, EBICEBHLES. S5, To3sEHR
LIXEOL. ZOIEEOEIL, FAEHRMIEGIZEAES
$, BEHGDEL R DI ESTIEEDE LREhoT
B2, IEHAETIV (O 7 EOMEHY R BHR )
b Twb, 87 BIZHHALH (SSC AKXt ) &,
9% C fbiZ & % sCcC /MO “ O FERF TOREH

52

10 —@— : SCC A

—@— : SCC w5Ehf 706
2 Jos  _
= &
L}t 04 HF
i s
= =
403 &
= Bk

Ho2

0.6 £ 62 1
Ho.1
| | | 0.0
5 10 15 20

TOUT BERETORR ((y)
() W&y - 77> MR

7R S (SCC AMHM ) & scC Wit " v 5
RETORBDOIETSDE
Fig. 7 Difference in time to detect cracks between sensitized materials
( for which SCC countermeasures have yet to be taken ) and
materials for which SCC countermeasures have been taken

OB (ALY 1 ICERE L 2B T, 00T 8
100%%24 ) IR R, Cor—2ATiE, 00T B
IR RIZTEEE Tl e o 72 b OO, F8EFHFaIL 0.6 FF2

5 6.2 AEIZITIT 10 524D, AUt THAMRE LK
TLC, "0 IIE TV,

MR (A& ), Stz EOMESILNTRE, B
B, ARSI EONER T2 /85 2 & L L7z E i EialR
O O T IRFUE A S8EFH & LT, eheholn
R L L 72 o 28N Abe7ze 7L (D)
PRIBEN TV, hHELERETO R T v L 2D
SCC #H:F iy a ') 1L

a=ayX f(vzz) X f o) XS capmen) XS Gaom)
X f (o) X (e
=ay'[ fo (E = Egsee)] ™ (Sr /Sy_0'5)72 ([CI])*
R, !-exp (6.8 X10%/T)

........................... (1)
ZIT,
fo T ETOFMEDER
E BEBOBALRITCEOIRETH L HEA
Sy TERISS, S, BRIET
[CI] : HAbyirs
R, AL
T imPE
DORIRE R

5. PWR BEICH(T5 SCC BMEHMEmDH

Lt CIE LRI S KB FF ( BWR ) )17 SCC

IHI $#  Vol.51 No.4 (2011 )



&R ST A 2 L I2X 5T BWR 75~ FOE -
SCC OREIZHL Y M A TWD. B 1A R g -4
(PWR ) ~DZAZADHET, PWR B SCC Bt
iz DT, 7T v MERBEE RO/ OERE
Xo>Twab,

BWR O35 & 1213, R FE 1 % Eim 54 (288TC,
0.2 ppmDO, 7 MPa, DO : %75 ) 124 LC, DO %
5 LI BIEEREE T SCC A FHMIIT 5 2 &
MTHONTN D,

—7F, PWR —UCRAKOEE12IE, REM 2 E iR 5
(315C, KFEEA) IR LT, 360T F TOREED
b Tnb, ZOREOZESLD 22 MPa EEEE &2
5728, PWSCC (—UGRK SCC ) Bz MEEFm L2 (X451
72 Ve im e e D AR 1B & R e B AN AL B 2 B
PWSCC &= ME % B 5 20123 5 720 SSRT 545% ( Slow
Strain Rate Tensile, PERH # 1K ONT AEETH-5ED,
SCC WIHH, WO A, 7 & T - 5l ), RUB &%
k% ( Reverse U-bend, %iﬁ?“@ﬂ%ﬁ%b&wi ANZITRL
MO AT HERT & il - mEABRRICREE L, —E
IREfH] & 12 SCC DA M%7 ), UCL 3% ( Uniaxtual
Constant Load, B I HBEME L5 L, BERFFar
vk D), SFERERE (FEREMNG L 2HED
RBRF OF S ZE 5 O SCC B OFEN ) 12z,
400C DB EAZ A BRI T OIRFENIE RUB bR % 92kt L C

(a) HERETD/\> Tt SSRT HERH

W5,

25 8 RIZ PWSCC &2 M ETffi & L T SSRT AR D
BERT. WHERE,S O 2RI EEL7200
N T (ABOERINT) %445 L7 SSRT sbkh %,
360C, PWR Zg5% (500 ppm B, 2.0 ppm Li, DO<S5 ppb,
DH ( Dissolved Hydrogen ) 30 cckg/H,0 ) H'C, 0.1 pum/min
OB |IRHE TR £ THl ok o 72 HE3RD Alloy600 $
( 16Cr—75Ni—9Fe ) Ni 2 & & EHE 48 O Alloys2 Tld,
TV T4 b CEHERRE ) BEFIR- 72 (IDSCC (Inter
Dendritic Stress Corrosion Cracking ) ) 2 L7zDIZxf L
T, PWSCC 515#A1D Alloy690 5% ( 30Cr-60Ni-10Fe ) D
BE&ETHA Alloys2 Tld, MEMERHELEZ L, PWSCC
EEHARS V. INHORRE, PWSCC & Ex b7z
WD DIZT A= RNy 7 LT 5.

6. ‘T EVVT DT

BV, OO AETOBHENEG T L7290,
CRUBT b0 (HIEMS) &, kE, BILEYH o
T, ) ELCERE LT Uy o v ZASEETH
B, bEL "IV o) &E, 72 zE, #k(Fe) &
SR (Ag) O EAMF L CHRTHEL, WEOMOET
MDA A EENUL, Fe-Ag MTOBNEAAIZIG L72HE
TSNS 720, SJjz: 80" wrHichs (B &
T OB & % FERY T o 22U, BEULFES

(b) SSRT HEREDIE

500 pm
| S—

558 B PWR MIHIREIC 31T 5 SSRT BRIZ & 2 SCC &SR
Fig. 8 Evaluation using SSRT tests of SCC susceptibility in flow accelerated corrosion of PWR

IHI 3 Vol.51 No.4 (2011) 53



( Electrochemical Signal ) & LC, " OO OFIHIEFED
FHISTESL M —o—020 " OO OFEEIE 100 um
BT, L2 "0 FEDPERLTRECHST
MOBIEZ T HE) mm =50 "0 (B L
CEREL T D Zo@fEou il (o U ey
FANOEERGY I 2 L= 3 VXA P
HEOLNTWE, "2 Beikfte LTeH 2 dA
YE=FUAY, VT HLoEn, TO00 #Eing
HiHE LTEB 2L, AE (Acoustic Emission ) %Y#i 2.
0 IRy TR LT, YTV A 4
22U, TOUY OREPERTES L) IR )OO
H5.

2 Z XM

(1) EEEHSHE  MEEEEEAM E 1993
4 p.i

(2) ISO/TC156/WG1 HIFEFI4 1 1SO 8044 )& &
BEOBE-HELER AN B395 %
375 1990 423 H  pp. 148 — 154

(3) WEP&EmhSHR  SEOBE - B Q&A a0 —
Tar 110 %  AE 1988 4F  p.iv

(4) NRHGL  SEMEOBEAM (1)  HAHMM
MY REE £ 125 105 1977410 H
pp. 718 — 725

(5) B A7 2REUHS - B AT 25D A VT
TV ARBALD T2 D DEEERA VT v AFAMEFIC
My274—VE) T4 AT iEE oY
=7 v JIRE S 2007 4 3 H

(6) A7 L ASHOSHBA IR DR © AT 2L A3
OFBAIROPEEL T BiERdl AN A
5539 %5 115 1990 4F 11 J] pp. 641 — 652

(7) HARTEEERES A7 L ASHOBEBRLF
HIFHE AR O WIE F % J1S G0580-2003 el ik
2003 43 H

(8) #HEAAIGBLENIEREE, HI BAFHIE DOS
FAY—A94:FF4 v ( AFH) < hitp://www.
iic-hq.co.jp/services/J/06.html > ( ZHE 2011-07-04 )

(9) ZHUER: MhEKIEF I3 ERTIC BT 1Kk
FAT 2 L AHOIEEENOFEEEZE (1) Tk
& HARREYS 4B E 45 2006 4F 1
H pp-29 — 34

(10) G. Nakayama, M. Akashi and A. Ohtomo : A

54

probabilistic assessment for the stress corrosion

cracking lifetime of sensitized 304 stainless steel

in sodium chloride solutions IS1J International
vol.31 No.2 (1991.2)  pp.223 — 228

(11) M. Akashi and G. Nakayama - Stress-corrosion
crack initiation process model for BWR plant
materials Proceeding of international symposium on
plant aging and life predictions of corrodible structures
Sapporo Japan (1995.5) pp- 99 — 106

(12) Hil Je, WAL © SigiEA 7 2 L A ik
FALWIBREE R BT B RS IS B A dr 7l €
T MREEE BENERS A8 EE3
1999 £ 3 F pp. 162 — 168

(13) CHE—, $wk2B), BE IFE %EFE— i
NES, I ¥, SAATEM fREBEEE HERA
MRS ERE OIE SR O 72800 ACM R frt
Y MEEESE BENERS £ 43EF 10
Z 1994 4E 10 . pp. 550 — 556

(14) Fbtdz, L= S EHIN SR BT 205
FRNAREIOR LT MR HARMESER
A2 B 479 5 19934 8 pp.930 — 933

(15) Wil g, MEGEE, EIELZ, EASEER, U
R RTINS A O A A & S 5 5
BRIZN S DHSENFOFE MF BAMEZES
559 %5 125 2010 4F 12 pp. 890 — 899

(16) SeHkEK F4 T RO AEEZHERPIZTE
A - RS ZIGTE AENOBERBIE B L e ondk
JIEAHRETROREE MR e B WA A S B
41 B 125 19924E 12 H  pp. 809 — 815

(17) 8 8, BRMER OB EEIIEES A )
7 ZAOWHALTE R L BREE 2007 I TARSE
BEPEE A-310 2007 45 A

(18) K. Tohgo and N. Ogi : Monte carlo simulation
of stress corrosion cracking in structural metal
materials ~ Key Engineering Materials Vols. 306 —
308 (2006)  pp.447 — 452

(19) & FHiE WP SR, ARRE %
AL - EKEELT 7 A /N AE BRIl Y A7 A DF%E &
ATRIZ L B AE Ofit JENEERE HAIE
WA & 55 53 % B 1175 2004 4 11 1
pp- 709 — 714

IHI $#  Vol.51 No.4 (2011 )



