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For safety operation of nuclear power plants, structural material of components has to have high reliability. Stress corrosion
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cracking (SCC) is very important to consider the plant aging, and in this thesis, SCC in simulated BWR environment that is
high temperature water and high purity water was studied. The transition conditions to steady propagation are important to
prevent SCC, and then the conditions in various structural materials were discussed.

In chapter 2, SCC initiation behavior in non-sensitized stainless steels was discussed based on the observation of creviced bent
beam (CBB) specimens. It is well known that cold work prior to SCC test accelerates SCC initiation, but the mechanism was
unclear. It was made clear that cold work promotes trans-granular SCC (TGSCC) initiation and coalescence of infrequent
inter-granular SCC (IGSCC) by TGSCC in this study. Crack depth in the non-sensitized stainless steels was fitted well above
50 um in the normal distribution plot. It indicates that 50 um of crack depth is criterion of transition to steady propagation. All
the crack above 50 pm is recognized IGSCC by optical micrograph (OM) and electron back scatter diffraction (EBSD)
observation, and then it was thought that the IGSCC susceptibility is needed to steady propagation. From the view point of
slip/dissolution model, IGSCC susceptibility is related to local plastic strain rate when the micro-crack tip encounters the first
grain boundary or triple junction. Evaluation of localized plastic strain was performed by Kemel average misorientation
(KAM) in EBSD ahalysis using interrupted tensile test specimens. KAM value is a function of plastic strain, grain size and
measured pitch in EBSD measurement. Type 316NG with deeper cracks by CBB test shows higher KAM values at triple
junctions, and type304NG with only micro-cracks shows lower. Therefore, high local plastic strain rate was expected when
micro-cracks reaches the first grain boundary or triple junction in type 316NG stainless steels.

In chapter 3, the effect of cold work on SCC initiation behavior for non-sensitized nickel base alloy (alloy82) was studied.
Cold rolled and subsequently ground CBB specimens were prepared to investigate the SCC resistance. Because of surface

hardened layer, crack depth doesn’t show the linearity above 50 pm. This result is different from the results of non-sensitized



stainless steels. Compared the total number of cracks on cross section surfaces between nickel based weld metal and
non-sensitized stainless steels, the number of cracks in nickel based weld metal is much larger than the number in
non-sensitized stainless steels. It suggests that the SCC initiation behavior is different from each other because the specimens of
nickel base weld metal have hardened layer by grinder. Micro hardness distribution shows approximately 200pm of hardened
layer in case of material ground, and 200um is defined as criterion of the transition conditions. Higher rolling reduction,
alloy82 has larger number of cracks above 200pm. Location parameter (that is representative value) in Gumbel distribution for
Maximum crack depth exceeds 200um when materials were given more than 15% rolling reduction. Therefore it was found
that 15% of rolling reduction is transition condition to steady propagation for alloy82. Alloy52 which has higher chromium
content and might be alternative to alloy82 shows excellent SCC resistance, although they had been given 15% or 30% cold
rolling and subsequent ground surface treatment prior to CBB test. It is reported that oxidization rate coefficient, &, decreases
with chromiﬁm content increasing. It is also reported that creep rate decreases with chromium content. Lower &, and lower
creep rate decreases crack propagation rate, and then alloy52 with high chromium shows excellent resistance to SCC. It
suggests that the influence of cold rolling and grinder on oxidization rate is not significant for alloy52 in high oxygenated
environment.

In chapter 4, the criteria of propagation into low alloy steel (LAS) was investigated on the assumption that stress corrosion
crack initiates and propagates in nickel base alloy (alloy182) and reaches the interface between the nickel base alloy and LAS.
Modified large scale CBB test method was developed, and cracks on surface distribute uniformly by proper crevice thickness
and load at set up. The criterion of SCC propagation into LAS side was investigated using the CBB specimen with the
interface in thickness direction. When crack tip reaches the interface between alloy182 and LAS, spherical oxidation and crack
in LAS side were observed after modified large scale CBB test. Interfacial cracking was also observed. To quantify the
mechanical criterion to SCC propagation into LAS, Elasto-plastic parameter, Kj which is derived from J value, was calculated
for each crack by FEM analysis. Sustained crack propagation in LAS side was observed when K; was more than 75 MPavm in
Na,SO; injected environment. The criterion of SCC prbpagation into LAS was interpreted by competition between crack
propagation rate and oxidization rate. From the results of all depo materials, SCC incubation time and propagation rate in
alloy182 were estimated. Oxidization rate was evaluated from the estimation and the results of observation on cross section
surfaces of modified large scale CBB specimen. Maximum oxidization rate was 3.5x10™ m/s. K dependency of crack

_ propagation rate of LAS itself were reported by many researchers. Crack propagation rate in Na,SOj injected high temperature
water is constant below 80MPavm, and it increases significantly above 80MPavm. It is also reported that K is almost same as
K because of the low work hardening coefficient in case of LAS. Therefore, it was concluded that the conditions where crack
propagation rate overcomes oxidization rate is 80MPa of K. This criterion is coincident with our data.

Criteria of the transition to steady crack propagation were described for non-sensitized stainless steels, non-sensitized nickel
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base alloys and LAS. Throughout this study, SCC propagation is interpreted by the competition between crack propagaﬁon rate
and oxidization rate. In chapter 2, it was suggested that local plastic strain rate might increase IGSCC crack propagation rate in
non-sensitized stainless steels. Cold work is thought to increase the crack propagation rate for micro cracks. For it helps
TGSCC initiation and infrequent IGSCC coalescence by TGSCC and K value in depth direction increases due to low aspect
ratio. In chapter 3, crack propagation rate increases by yield strength effect. Yield strength increases by cold rolling, Therefore,
SCC in alloy82 given more than 15% cod rolling has high crack propagation rate when crack propagates over surface hardened
layer. Below 15% cold rolling, micro cracks would be re-passivated because crack propagation rate could not overcome the
re-passivation rate. Alloy52 shows excellent SCC resistance. The excellent resistance is interpreted by high re-passivation rate,
and even micro crack didn’t initiate. In chapter 4, high Kyincreases crack propagation rate in LAS side. When K is more than
75MPVm, crack propagation rate could overcome oxidization rate in LAS. NaySO, injection slightly increases crack

propagation rate.

— 24 —



i L2 it ok DB

B RRERMMOEEICBNTIE., BEEBROSVWEEENRAIIRTH S, MERELSCERO—DEL
TRABAREN (SCC) »HV, SCCHOURT ZEI#T 5 ETIiE, FHEMICERT 2 ERNEEBRT D44
ERET D IENEETHD. FwX T, BEKREFIFREERE (BWR) BREMEIO SCC IZHBiT 5
BHEHRNOBBLMIIONTHRLUTEY, £ 5 BXDRS., BWR BEMELE LTI, ESHBULAT> L
28, FESHBUL NI EEE, KESM (LAS) ZlVE->TND,

BIEIFRTHD, FHROERBRSVICLBORICBITIEREERHDOEREZR TN S,

9 FIERBUL AT L AMITBIT S SCCIZONTHU TS, T 2ZOFETIL. EBBULA T
L ABOD SCCIBI2BETFOTAHOEERICOWTIERL TB D, TOHENI. KNE SCC (TGSCC)
OFEE L TNITE HHRE SCC (IGSCC) DAKIETH D I LEHMHTHLEMNI L, £/, 28D
BETIE, MNERPEREEZHIIBB T4 LT, MR SEATORMBEVTHEENEETH S
ZEEPDTHIBE LU, MERORMBEEVOT AR HAOENERAFREETEINE (EBSD) X5 HhizE
BIERENS CRMICKRBETLI2FEEREL. A 8 ERAEHEORERICTHIH U Kernel Average
Misorientation (KAM) fi &R EHAOBS OERICHBEENDH D ZE2 RN L TNS,

% 3 BIIIERBUL Ni HASHEEESBO SCCIIDVWTHLETWS, ZIZTE, 772 MIBEBRINTWS
Alloy82 ® SCCIZBIFT2MUEFUOTAHOEELREL TND, B4 OETRIZTHHFEEZMA, IHITT
TA I MTERL ZalBHId U T2 £ 04T (CBB) METo R, XKEBLEEZBAT
FERICERT 21213, 15% L EOMETFOTHANBRETH S EEmMTTTE0. TENICERBARER
TWwa, /2, Alloy82 OxHME LT Alloy52 ZIREL. BEFOTHEMEGINERBIZTBVTHED
TEWHSCCHERT LI EEZHONIILTNS,

4 BETIE, EHEBAEERT LAS 20 RICiE#IN NI 5B ESRE EORmAHE TO SCC
DERHZVIIEBEHIIOVTH LU TS, Z I TIHEKD CBBRBiEZSH Lz CBB Bk %5
KU HEROBNRBEEB L TVWA . RENII NI EEGSRESREE LASREESU LB 28K L.
Ni A SEESEMMN 554 Uiz SCC ORETHE TOERHAMORR 2 ICBZE L TH0. LASHICE
FRICERT D — 2 &, MRBREBR L TEBT 27— A2MRAL T\, £k, S2OERITHL T,
Bz PO THREFOERBRNS FEM @2 AW TERERO KIE2EH L. FHEMIC LASAITSE
ZHGERT 54413, 500ppb DOFEEET U 7 ABIBRE M D KJ #E4 75MPay m L ETH 5 2 &R
AUz TO%&MEIZ. LAS OEFGERFEE & LAS OBCEEORSICEDRED L ORKHEIL T, LAS B
O XELERBRN S FRINS TREREE -G8 CBB BB EN S B o 2L lE & [k
LT3, SEGERFEENBLEEE L2 $8:13H85K7F 80MPay m A ETH O, ERBRORFERIEL T
%,

EHEEIIERMTHD . A OMEHIBNT SCCRERBMEICERT 2RO EBNTIA—F—DHFEEREL
TRRTWVS,

LB, AFXIE BWR OF BB 2R T 2MEHIBIT S SCCIZBNT, FNMNERMEICESR TS0
DF—=NITA—F—EHENMNILZHDTH S, KmXTHRONIZARIZ. BWR 75 > bO@EEN#ROS
Bz AR E 52, MR TER 5T %?Izw# I%@%E_%5?5&_5ﬂ¢m<mmo

Lo THRBXIE L (T%) OFM@RXELTHEKRER

— 25—





