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Mechanistic Study on SCC Propagation of Welded Nickel based Alloy, (IV)
— Influence of Dissolved Hydrogen on Crack Tips —
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Abstract To examine the relationship between corrosion and crack growth rate, stress

corrosion cracking (SCC) tests of nickel based alloys were carried out in a simulated pressurized
water reactor. Crack growth rate on Alloy600 was ten times slower than that on Alloy132, and cold
work indicated an accelerating effect. Although 20% cold work should accelerate SCC
susceptibility, no SCC cracks were observed on Alloy690. In addition, a suppression effect was
observed in the Occ-STP/kg-H»>O dissolved hydrogen condition on both Alloy600 and Alloyl32.
Grain boundary oxidation was not observed on the crack tip in the Occ-STP/kg-H20 condition while
it was observed in the 15- and 30cc-STP/kg-Hs O conditions, therefore, corrosion in grain
boundary might have affected the crack growth rate. The dissolution of grain boundary carbides of
Alloy132, which was mainly composed of NbC, was assumed to accelerate the SCC. The results of
crack tip observations suggest that grain boundary oxidation and dissolution of grain boundary
carbides play important roles in the phenomenon of SCC.

Keywords nickel-based alloy, stress corrosion cracking, weld metal, pressurized water reactor, corrosion,
grainboundary oxidation, crack tip analysis
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N5 1324540k EIZO W TIE, DH Occ & DH
15cc DFERITKE L EITMER S NT, X ¥R IVAEE
DALY % FARITHER LTz, 72721, DH Occ
DR TIIENTIEH %A, 600 &4 D DH Occ B
B EFRICNIO D=2 O LNTB Y, BB
BB EERYOMEICEEL Wzt EZ N5,
W T2 A2 TW v 600 &4 050 H Tl
xzxw%mwﬂw%kﬁﬁwt~7#ﬁ&éht
COREITEEIMTEZMA7-2b D L FHETH 5. 690
B ORI 720 I ERALY o [T R E 2)s
L, EPCHERINZE =27 1A R VHEREIC X
550 THo7z BHM2LORPMLEEMT LI
2R MAT T P LTBY, 600 54, 13246
&, 690 BETEDOENMHR I,
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4. EBE
4.1 BEKFREELEBEEOBERF

600 &4 (20% CW) & 132 & &2 2Ww TIHEMFK
TR DS & BB\ T T ad Lo R
DH Occ DERBEETERMEREIIHI SN L Z EAHS
el ol WEERE L7 DH 30cc 57— 7 @9 3
B o THEAKRIE & & 2L HE O Bk 2 ik
L72b0% K21 \IRd. ZZGEROIPHIZI R 1 HF
FREE LB S 1, Z oI 600 4 (20% CW)
L 1R A& THEETH -7z, —F, DH 15cc &
DH 30cc IZ2W T, BAKRREIPEGIC%E-T
WBIZH b6, o XZRMERMEIZEITRRD
bNehoiz.

=y r VEGE EEHFAKEOBRIZOVTIEE S
OBREHATLNTE Y, Ni/NiO OFLFIK KRN
W PWSCC E&ZMO ¥ — 27 R4 2 L2 S h
TWbH, Zd Ni/NiO OEERKFZIREIZOVTD
HEmOARMAIFRE N T WD, Morton 5 & & ilAKr
BT 5 NI/NIO O Pl BA7 % FEERIY IR, 1k
M b T8 J) 3252 X 5 NI/NIO o055t &
D QARBEAAKKMCEOB RS 5 2 L 2L T
W@ BARIZE B ¥EEERE - F
(HSC-Chemistry 29) 12X 0 #H5 L 22354, 320T
D EESAF Tk DH 23ce 28 Ni/NiO D55 FK ik 1
L EEAM X B A%, Morton O 9 Bk & B T 1% DH
5-10cc & % - T\ b, KW ® 5 T, DH
0,15cc D3PERAD & DI FFEHEIC L 5 NIO ZE T
D EIH LT, Morton & D FERFE Tl 15cc
13 Ni ZEIICA L. AW T DH 15cc & DH 30cc
DM TEEMEEEE S X O EIC AR SN
ozl liE, MEENPNIZERTHLI LR
RIELTE Y, Morton H 23S L7z Ni/NiO 57
%Xy sERTHL 2FD, DH Occ 7 5
15cc D IZ Ni/NIO Pl EM AL, £ DEAFK
FIRPBEIRIC PWSCC K2 — 2 23dh 5 LHfEgE s
5. B, FHO— AL 320C T hump-SSRT % 17
v, PWSCC &% M:» ¥ — 213 DH llcc i TH 5
TLEHMELTWS @),

Z 2T, DH Occ BR¥i T C & 2R 2l S 7z
FHIZOWT #5295, DH Occ DGR IE, X
HOWNIMINIO DR L TWH & L, XZRLE
P OENTRRBIESE L TR nI L2502
L7z, CO200HRLIBHAKEELZGTERVERET

ThLILWREBLILEZOND. HihDLBY
DH Occ ®EHi1, #JI5MI NiO AL E BT
XLBEETH Y, NIiO OAEKITELSILFII TG

CHHSING. KIS, WABILSELTVWEWI L
1, NiO DRI & ) BRFEONFILHAHE S 7z
CENENEEZONL. BEFEBTICEA LEE
LM E T 2 FLIINHERIL LI TB Y, B
MR R BRFERE AN AL, BRI E OB
WREGMELEBILYZ LT 2FHL L LTaSR
Tw5. DH Occ DEBETIIMBENEM TH S Ni &
MET L0, BEONFILHSHEE 2D, wb
W 2 NEERAL A S, KR LS U e 2o 72
tEZzoN b, 2% 0, DH Occ T & ZLM JE A3 HPi
ENERD 1212, KABICEE IR S h/-2
EWEZOLNS.

—7, DH 15cc, 30cc DBREE Tl FHEA T BIIFH
KNI LTREE DD, EMIPBELBET
5HEJJ1E DH Oce & IEXTH 5. F72, 600 5412
N XL EINRTWEFe & Cr¥EENns720,
NS IBEMN RN & 2 B 5.
P EOLEBENES TSI EH S, DH 15cc & 30cc
RET CRABALIAE L2 & 3HHMICTE L%
WEWR L, B, AL & BRI HELT L7
Z 3, RREEE U AR AR b RS A &
LTHMTHL B LILELZOND., &R
PSR L TV 72 id Cr 25 b L Tz 2 &
25, NiO TidZ < NiCr204% L £ & FeCr204TH
HERbNG. ZOSHRIRIE, MEEREZT T
% ERMITOWTH NIO WRERBMTIE% L,
Fe,Cr "BERMIL SN ELBRETH 722 L ZRLT
W5,

JE AR L v ) LTI, DH Oce O AR b IE
CHEELTW22S, COBRBETIER®R LB HIC X
D SCCHHIHIIN TV EZOENL. TD20D,
PWSCC DR IZHIC I AR TR 2 2 L IX W
T, BEDHIZOWTOHERETHILEDLDH L. &
B, KRB 5N %05 72 DH Occ TS 2R
RENEELTWL I NS, RABLIZ®R 2
BNTTHoTHHMTSCCHEHZHMT L L1
WHETH 5.

42 ZTHRERRE EMHOREGR

PWSCC i3 LIS & B8R 72 13 REARIS 1
BmE D B 2 & HHE ST B BC0~63),



2 FEGEREEE Ly - AW S OMBREZRL,
600 GaOMEEESES LML Wb L
Borhd. ZOfE, #xLME, BREO SCC T
bIESIN TV D720, WHINTIZ X 28385
PR DGHICHIE L 72BN T L LTl 1%
WERETH LI REMENH 5 BY G, Andresen X
Shoji 1, B 2HZFDOHEMERRIZOVWTHH
L. Gao HIZ& o> TERLSNIZER & XD
B E b L ICRE 2T, BRI T O R IE &2
Jeli COEARENDHHETH D LELL T\ 5 G0
~(38)

L2 L&hs, 600 &4 (20% CW) & 132 &4
oW TIE, SRERAENFRETH 12000
o, TOMIF 12 EEDOHEPMENZ LWL
Motz F72, 690 4 (20% CW) OFE S 1
132 A4 L 600 &4 (20% CW) OHIZHLE T %
25, SCC Btz v LRI Nz, Thb
X, 132 GE S DA OERIC X ) inE S, 690
HEIWHEINRTVEZEZRLTWS. MM
RERENE LT, MAKRGOH T X—t M2
O LR R D ENFT NG, ARIFTEH:
RTIE, 600 FEDEEL LKW TH 5 CriCsns,
DH 0, 15, 30cc DV T NOEBREE T TH AL T
W WZ ERREREINT. FO—KHT, 132H5E&D
DH Occ B3 T ClE E 2 kLW TH % NbC D
XRET LT =7 s N7z 132 a0 R IE
BFAEICH A A3 Y, DH 15,30cc Tld AL
DEMOFEE G T 5 2 EVBHREETH - 7275, H
B AW o 2823 132 G40 SCC R ZER O —

1.E-05
OO :DH 15cc
@MA: DH 30cc
1.E-06 | 13044 600 é\@% (cw)
Q W,
£
E1EO07}
i
i 60044
i °
#)
& 1.E-08}
0
6905% (CwW)

1.E-09 ‘ ‘ .t.

100 150 200 250 300 350
Evyh—XBEE HVA

22 EZUMEJEMPE LW X Ok
(500ppmB + 2ppmLi, 320C ,1000h)
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DTH DRI RIEENS.

690 B DMHREIZONTIE, RALW AL
M3 22 kR EEhoMmE, BAHo Cr
EEEAS 600 G4 L 0 HEWVT &I X BB
VEZHN5E. PWRL IRARBEEEEE TI2H17 % 690
AEEDOMEET600 A& L VERTVWDE 2 LI
Combrade H L TH Y B9, KEFFefs R & A
LTwa, 72721, 690 54Tl PWSCCIZ L 5% &
HUNHEREN LD o720, ERNOB RN D
BeBatyaZ i3 cEhahorz.

5. ¥&8

IERBE KR O 1 R REEEBSE (500ppm B,
2ppm Li, 30cc-STP/kg-H,0 DH», 320C) B X U
R F I BELAL ST (0cc-STP/kg-H2 O DHa,
15cc-STP/kg-H2 O DHz) T 600 & 4, 600 £ 4=
(20% CW), 132 &4, 690 &4 (20% CW) o %35!
R Z TV, RO H 2 H0IZ SCC #MEIZ D
WTHGT L 72,

(1) BAEKRFOLE

600 &4 (20% CW) & 132 &2 oW THEMK
KO BZ R R-4E, DH Occ DBRETIE &
ZLER 2SI X, DH 15cc & DH 30cc D[ Cld
AR BN h o7z DH15,30cc TO & 2L B
B2 S DRABRILAAETE L, DH Occ TR D
BNLhotzl &b, R TORAEZRE)OEI K

W I L2 LRI NS,

(2) MEHoZER

PWSCC (I B & S\ A B AN § 5 2 & 28
WS NT VDAY, 132 AR EE DA & k2
WEFH, 690 G EPHIZER 28> 2 AR S
M7z, NbC %% DH Occ DEE T THINT 5 2 & 2R
B 57— 3G oN70, 132 580 E K
D—21F, KRR OBELZEE TH 5 WHENEDH
5. 690 BEICOWTIE, R R OELSHI L
B EEAHHIERCH B LEZONL.

A
AR AR AT B ST % & SR 22 & 0

FEEOIE [T 19 1= v 7 VA SO
SCC & ZER M T 2 WA IO ) THML 7Y
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