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Oxidation Behavior around the Stress Conosion Crack Tips of Alloy 600
under PWR Primary Water Environment
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Stress corrosion cracks in Alloy 600 compact tension specimens tested at 325 C in a simulated primary water
environment of pressurized water reactor were analyzed by analytical transmission electron microscopy and secondary
ion mass spectroscopy (SIMS). From a fine-probe chemical analysis, oxygen was found on the grain boundary
just ahead of the crack tip, and chromium oxides were precipitated on the crack tip and the grain boundary
attacked by the oxygen diffusion, leaving a Cr/Fe depletion (or Ni enrichment) zone. The oxide layer inside
the crack was revealed to consist of a double (inner and outer) layer. Chromium oxides existed in the inner
layer, with NiO and (Ni,Cr) spinels in the outer layer. From the nano-SIMS analysis, oxygen was detected at
the locations of intergranular chromium carbides ahead of the crack tip, which means that oxygen diffused into
the grain boundary and oxidized the surfaces of the chromium carbides. The intergranular chromium carbide
blunted the crack tip, thereby suppressing the crack propagation.
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774428 (pressurized water reactor, PWR) =}
A 13 oA ks S84t (primary
water stress corrosion cracking, PWSCC)-& 724}
7] % oéﬂi W oobah, bR b 8] el 1| Ao
B354 (control rod drive mechanism, CRDM) =%
ol ZH SHFANA A FAE T 9o, 125 3}t
3740 As= Alloy 6003 3163 AH|QIYAT} 5 2
T2 ABNA e 7P Foska AZsk A3t 7R o E
At} 1980 SHWHR|= 2 Alloy 60022 A|2kg 7]
A7) AL oA PWSCCo7T A3kl e, 1991 =5
2~ Bugey Unit 3¢] €72 8] =efl 91X]8k CRDM =&
TR NA L] 7 B &gt FAbE FES AIFoR, A
MAA S Z Alloy 600 CRDM == 2] Alloy 182
J weld F-9lollA < dgo] A &Aoo w2 Frletal Q=
ZFAlolh V™Y £3] 2002 ©|=F Davis—Besse dAFE
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HaollA] ARFZ | 87] et
AAgrardell s Azhst 72
125 7tR¢) A8k Alloy 600 CRDM =22
A2 o] T o R g ehs] A5t zdg}

3k3lar, o] #9S Fal A= U] WAt N2 &
= o] Xi e BN Aow e

(&5 789 5ol ol 1g-SHo] QA7FE 3ol A
Alloy 6009141¢] PWSCC o] ednta]o] 1 B4l &
Aol RO J@l% o whah, 71&€] Alloy 600 th4l SCC

Aol =& Alloy 6900% iA=L o= Zalo]ch,
Alloy 69ot Alloy 6009l ]3] Cr o] oF 2 ] =
=71 whitell, 53] AMd 2 9714 E9171elA -8 SCC
A@dE vekdith o]} tEe], PWSCC @42 o35l
Qs @ Y 2 AEA] A7) 18 o] %{OU% /\%_%
3)/413} (slip—dissolution/oxidation),” 44 7] =+
4] (hydrogen enhanced localized plasticity),” 1‘?—&]
7°T7] 24 (corrosion enhanced plasticity),” 41814 14]
2k} (selective internal oxidation)® 5, ¥FA7] L=
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PWSCC @< S&3] A¥E 5 Sl ooy nd>
nH] gk 27 olrh NiZ] gaellAl ] PWSCCe
o] ARG HAE wet AYst= GASHF2H Y (inter—
granular SCC, & IGSCC) 2] 542 zh=t} uehA, 474
HA T2, Al AEssEe] AE A N, AW HA
Sl el 24 Wizt 5, AR AHA 54 PWSCC
A dol YEFS vA= o3 aQleF g3t

PWSCC &74-& AAH SR oalal7] flatoli= A
(crack tip) FFol|A] dAshH= ofg] d/dsol st 24 %]
ol o] rtE|ofof sttt AT 4= nm order &
o] w4 o, wheba F8HA] W mjA| A 8HA W s}
dojifi= T F2o vl JoE sl soRE 5%
stal 1 AdE AT = ol A 8] ddxdo]
th FHZoll AR 2] 749l W 3 tEo], nano—
SIMS (secondary ion mass spectroscopy), APT (atom
probe tomography) &2 AH]E ©]&3}e] PWSCC #4
At FHollA dojub= #4-E nm scale® ¥H2E 5= QA
Hlom, o]Z5E i Absl 39t HEAE
Fol o] 2AHs) Sl e w2 AR AMdEo] Bl
Qi’_ S’J\E]—.%_M)

B Ao dxpeabd sols CRDM =2 A8 A
£5= Alloy 60022 1/2T CT (compact tension) A|#H
< AFste], dd 125 34S BARSE 89 Z7ofA
PWSCC &S F3atsith. Aol ¢ &, shbd 3z
W 74d F8of|Ae] SEM/EBSD (electron back scatter
diffraction) 41 &l +d A9 SAS Lotk
FIB (focused ion beam) ¥W'Ho = Fd4dto] s
TEM A|#HE #2892, TEM/EDS (energy dis—
persive X—ray spectroscopy) A4S E& X TG F
o)X 2 Abst AdS 2ESH Al 574 HskE dopr it
I3, H, B 5 AFdae] FFAd 4ol 7Hsd
nano—SIMSE ©]&3sto] AT F3 oAl 24 HslE
A5Gl vt ® ) dojxl A AE F3l Alloy
60004 PWSCC w&o] #EAste] A8 ke 4=
olafiataa}l a3t

AR

2. 917

B Ao e A CRDM w5802 AlZd 97 120
mm?] Alloy 600 round barg A3} o, 23] AL&

Table 1. Chemical composition of Alloy 600 (wt%)

Al 2] 318245 Table 1o LERALE o] Alge E3t
3 % 950 CollA 3 AlIZE &<t FHF GAE e, on]
2h5 %3l round bar?] $1x]/*Eke] AIGlo] A staL
A1 wA A4S 2L Qe ERISHItE PWSCC A ¢
& 1/2T CT A& AREetglon, 43t X+& 2=
Me] CT A& LESZHo|H gto] AEZ AZs}o] HA|
3tk st CT A8 (CTD S #8445 E (crack
growth rate, CGR) & A3 543l 44 IS
wEst] 915k AlAo|lon, thE shte] CT Al (CT2)
<& #3574, SEM, nano—SIMS, 1831 TEM 5= o] &
sto] 4 5445 A $18E Al St PWSCC A28
A, 7] F 2dellA fatigueoll 98 CT13 CT2 AlHe|
217} 2 mme) 1.8 mme] ov] A4S A &8t Fatigue
S o] 2 mm SIS vl T AT L] FHol
K (stress intensity factor) #t¢] 25 MPay m7} H ==
H it sz gko] 275 kgf, X Zo] 225 kef, 18|31 F34=7}
10 HzQl ARI5HS sha& Q17bste] 433813l

AR A0 125 375 BARSE @7 oA PWSCC
AAE F3adek =, 1200 ppm B + 2 ppm Lis 37t
srol] 8 AkAa 9] HE7F 5 ppb ©l3h, T4 9EE 14.3
psi (35 cc/Kg H:0), 1831 LEZFHo)|B2] H otz o]
2300 psi7}t HE% FASHITH A8 &%= 325 Colgle
™, CT1 Al @ be] A 9] K gtol 30 MPay m7}F H &=
= fA¥ dA 3= (constant load) A 33Tt
Fatigue®l &)t ofv] &S x3tste], PWSCC A3 &
74 Zole) W= DCPD (direct current potential
drop) WL o]l in—situz AZsttY AL F
2,650 ARt E<F FaEglom, A 25, §& 2kl F
L, 7k sk, Alse] W9, &ele] A7, pH, 1]
I ECP 5 Z+¥ A3 w455 Labview program ©]&
sfo] AAzto 7 RUE S TH

PWSCC A&o] &y 3 CT2 AlHS 57 Wako g ol
NE T8t 2Hs Aol ARgskinh mM x4 2
P2 Fedu4, SEM (JEOL 5200, AH8-21¢F 25 kV),
Oxford Instruments® Oxford ISIS EDS%} EBSD7} -
2 SEM (JSM—6300, AH& % 20 kV) & o]-gste]
3todct. 48, SEM/EDS 183 SEM/EBSD #2S 9l
3lo] AJHE 2 % bromine + 98% methanol & oA 2k
10 %31 st A3ty TEM 322 Oxford Instruments
©] Oxford ISIS EDS7} -2t FEG—TEM (JEM—2100F,

filo

ot e ox i

Ni Cr Fe C Si

Cu P S

75.80 15.45 6.98 0.055 0.48 0.60

0.18 0.06 0.17 0.03 0.005 0.001
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AREHSE 200 kV) = o] &8ttt AT S 9
TEM A& FIB WP o2 A|Zkslith SEM #2438 5
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X 7 Cs' o] o7 15 #3F A EFste] B Atshats
AT

o o @

>

3. 917z Y I

3.1 PWSCC A
Fig. 1> CT1 Al g el 2] K ghol 30 MPa
Jmel 97 &5 oA DCPD WH o= 3 A7k
w2 g ool HekE vehdth #9984 % CGRE
a-oflA Azt tist 4 ol 71&7]15 YERH, 2
A3 x4 4 CT1 A i CGRS 7.6 x 1077
mm/sec® ZFE A FLS 4 U S A 58
3 TF= CRDM Alloy 600 A|=.9} Blawsla, P o] ghe 7%=
o] Ry grEo] Lxshs WAl shcte] Hx|8ele). whet
A}, CGRE B+ Alloy 600 A g0 vl A3
e on, PWSCC A&Ado] =& AEdS IR
B 280 A3 Alloy 6009] %S PWSCC A
off 71 mHZzZ] A 9 7d B AujefA] 2
uke} 7o), F& QA AEEIE9 A& 7 Eo|
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SEM ARdle|t}, 18l fatigueol 28 FAJE #+2 F9)
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19 (fracture ligament) 7} YERY 9Tl PWSCC #<9])
© AHAIL BEFol FHlo] Bola gl Hl, o] Yol
AYHAE vt Aot AP A IGSCCYS 2wt

o] MR T8 CT2 Al 5 1719) AldelA] s
PWSCC #4 A543 5 Fig. 3o YeRlth ¢4 Al HS
A Anpste] #AS ERISH & F AT F-9]olA FIB
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Fig. 1. Crack length variation depending on time of specimen
CT1, tested with K = 30 MPay/m at the crack tip, in the PWR
primary water environment at 325 C.

Fig. 2. SEM micrograph showing the fractured surface of a CT
specimen after PWSCC test.

coincidence site lattice (CSL) EFAS zt= 42214
59 37X 2 F-EH ) Fig. 3(b)oll= 2 A3 H Akl 9]
misorientation angle®] MZ=Z FFE o YERY Q) 1
oA EMox wAlE ZAYH A= misorientation
angle©] 15° ©]3}Ql AZFiAlolH, wghal 2 47 A
(twin boundary) ©] 1, YA CSL 55448 24 940
WA misorientation angle©] 15° ©]4el AW AS e}
itk g Ade YEke] 391 CSL 552 HaEch
Alloy 600°l|A= W& A FAg el =]of os) w2 7o)
AL, A AYHA EE80] ok 45 % E Y A
o] A} Fig. 3(b)E Eall, CT A1 <] notch tipell A
Al2bEl TS ARE U A AEE Sall sl
A2 (triple point) oA 2 719 #E=E F7]5 o] 4H]]
Ag vt Ao Whes & 5 Atk

Fig. 4% & 4ge] 2185 Alloy 6002 244 =7]
(Fig. 4(@) &} YU/LA A&=5 X (Fig. 4(h) & 2o
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TEM image©]™, A HA F-LollAe] TEM/EDS 24 &
2 A= Fig. 5(b) 2 5(c) ol YEFATE Fig. 5(b) & Fig.
5(a) 8] HdAFOZRE oF 500 nm "HolZl #14] (line
profile'® ®A1) oA AAHAE 7t2de] 43 0%
T wE5da digt 24 ¥skE vEhfal glor, Fig.
5(c) ¥ Fig. 5(a) o] EAE 'oxygen mapping' ol
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line
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0
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Fig. 5, (a) TEM bright field image around a crack tip, (b) compositional variations across the grain boundary denoted as ‘line
profile’ in (a), and (c) oxygen mapping in the area denoted as ‘oxygen mapping’ in (a).

(a)

Concentration (wt%)
Concentration (wt%)

: X Sty . {0
60 80 100 120 140 160 180 200 0 50 100 200 250
Distance (nm) Distance (nm)

Fig. 6, (a) TEM bright field image of a leading grain boundary, (b) and (c) compositional variations across the grain boundaries
denoted as EDS1 and EDS2, respectively, in (a).
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AZSIE stdeh s, @AHoRE B 4G Td
of e ATOIM, B Fu ol BoZE MYT 4 9

= 09 Y& Atsl A% B2tk Thomas$t Bruemmer’
+ mill annealed Alloy 6002] U—bend A|H-& ©]-&3}o]
12315 @M a3k PWSCC A3 o 2 HE, #Ho] 13y
o 1215 8ol AshAl | o] drtdAlelA ¢
AR (intergranular attack)©] Qdojxtom X A=A
Ael 79 JAF-2E o7t 4 pmell EekslSs Ik
o 283 AR E AA-HA UF-E e vlAs ks
Z YR A 7% (porous structure) -2 <1815
th. Panter 57 360 €9 1245 5894 Alloy 600
o] ¥ Atslul Aol Bk AtellA], m Akshako ZH-E
100 nm Zlo)|7kHA] AbslaE o] FA] ¢l WHE o2 EAjsh=

£ nano—SIMS 415 Fall IRlskith BFol, Al
FEHO R oF 3 i zlolel A A HA L AsF
oM AFAbstES WS oled TR AbsES
PWSCC A3 7 Alloy 600 ZAolAE #H2g o] gl
om, wepr] PWSCC A3 & 2o x5E O7F A%
= 53 R e 3 Cry whsste] A" Zow

= oA #E UF-=YE 07}

uf, AHA NN dolth= Aol st
whA-S- HolF a1 Qi) Fig. 6(a) ol AAHAE wket A
AFE3HE (CriCy ol wxstal glom, xystdd g2
AA AFEEEAA PAE AEE BT Qlth F A
AFE3E Abol o] AR A= 09 Fatel ojsf g
H) Al g Al E=o] skl Uitk Fig. 6(b)+= Fig. 6(a) el
A1 'EDS1'e.2 FAE, AjZo] P49 AEes 7t24d
=73+ 24 W3lolal, Fig. 6(c) = Fig. 6(a) oA 'EDS2'
2 A, AEE Aol AAHAE 71EAY ¢ 24
il

0] gitef| oJal A Aol AZe] FAH AEE2 S
7F - 3 AFAbsEelH, AFAkEHE S AEe) uhet
AEAHE I matrix @] 8 & AHo|A Cret Ferl 14
I N7t 554 A 9o] FAHU5+5 Fig. 6(b) =578 &
4= Utk o] 3 Craf Fed 1z 9 Ni 5% dAS 143
AsANA WS St Fig. 6(c) oA B 3
o] HojFa1 Qlth 07} gitE o] AFAtstEoe] F4% oyt
1o AR A M= Fig. 6(c) oM e} 2o, Crt Fer} ¢
Ads] add A7t diol ek dEAE Tk 3kl
A8 AgA ® olgk # A matrix] A, 18]
A4S matrix®] AWM E AFAsEC] F9E 4
o= Tdst 24 Wisrl ER1E T AFASHE P
£ Q1 Aol Cr 122, A5 X o ZHE] Cro]
Wl Eol 9 Al omlsith 53] 145 8-

st o F-9lolA AsAtshEe] A€ A 54

3l
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9] matrixellA Cro] nZH U= AME, AFAs=0]
Fe$} Nio] Ae1% &3l (selective dissolution) 7} obd,
Cr¢] A& Aks} (selective oxidation) o 2J&l &A= %)
&2 o]

12-9] 1215 @A ollA S35t Alloy 6002] PWSCC 4
oA, 0] W gt 1l ofof whE FAX G} QA2 o
&) AkslEl AA YA (oxidized grain boundary) ol
A1€] ofe] w22 A 9l §kehA] sl ofy] ATAEel
g ArHPem N nuE A= B AFS B o
o Ans} g B2 84 h Thomas 9t Bruemmer”
= w AN Cr038} Atste A= AAoA e =
£2Q1 71% (pores) 8] BA-& #E3IGITh o] Crz03
Aol e Cr 1242 gRlskA] Zatglon, ol A¢
o) Aok Wit Aoz A} Laghoutaris 57 ol
Sennour 579 AT FAXTA FEALSIEO]
P a1, o)e] wpe} A W ol x|k A Al
A Cr 22 (32 Ni §5F)0] dojds &It

Fig. 7(a)= A4 HAE weh W38t Q= PWSCC
Hell tigt TEM imageo|™, Z19 2] S1%o| Hol= A%
3] FHo] #ES YRt 78 7h) = 17 7@l A
A AP Fs s imageE M, A Itetd 4
7 QA AEsslEde dsaes AHAoR HojFa
Qlth. 1811 Fig. 7(c)& Fig. 7(b)efl & Aoz ZAH
AAA ThE 7hEAE 5430, Cr, Fe, 183 Nif]
ZA M3E Yebdinh Fig. 7(0) oA 07F AE%E 9Yo]
74 W5 9vjstd, ¥ di-olA Alloy 6002 F2
T4 9291 Cr, Fe 1811 Ni9] W3l 25 E #9 ¥
A= AbskE e S 58S 53 & 7 Aok Fig.
7)o & 5 =AML A, matrixelA] 7 wt% HE
E A8 Ferl o UlF-ollx= oF 3 wt% o= sof
Fob= Aotk B4, matrix$} ¥ G AWl = Cr
o] A F7Fstt7t dd FAFelA = Tl FEAERiTth
upx|Eko 2 Nio] AWl Crel Asde Auie] |4t
< YeRllth 5, Crol S7Fst 9 ellx= Nizk Faskglar
HHf = Cro] 7hAst YooM= F7kshe Bas Wekillnh
olgfst ¥ Az & F e AL, 7 = Cr# Ni
ARgtER A E o] glow, Cro] F53 Akt (Cr—rich
oxide layer) ¥} Ni7} F%-3t 4213l (Ni—rich oxide lay—
er) o] &5 o] YEl+= 255 (double layer) 2] T+2Z
Fojrk= Aottt & matrixe 4= U A8l (inner
oxide layer)< Cr—rich oxide layero]x, W™ Aksl= v}
Zrol| 913k &)™ Akl (outer oxide layer)< Ni—rich
oxide layerd2 <jusit},

Fig. 7(b) 248, A a&e3sk=0] g dfel] w)A]=
PSR 5= Stk T™olA & 5= Q= vks} o), A%
HAAE et R8sk fdo] YA AFEsES v o

ox 1o @
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Concentration (wt%)

0 100 200 300 400 500
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Fig. 7. (a) TEM bright field image of a propagating crack, (b) the magnified view of the part indicated as a rectangle in
(a), and (c¢) compositional variation across the crack denoted as a white line in (b).

Fig. 8. (a) TEM bright field image showing oxides inside a crack, and (b) the selected area diffraction pattern taken from

the region denoted by a circle in (a).

ko] blunting= $1.0.7, 18} FAl €

= S etk A aEskEoe] 2 wdst Alloy
600¢] 73t PWSCC Ag/d2 e AHE 2

k2 79 A L el dist oA A EEkeE
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g} ke Ak o] o] YA AFESHES Thit 23
o] ol AAYAE wpet FFakA e 7dA
B2 Qe YAl AFEsHEA A5H 0 AHE W
gro g FAAGIA 9 SHe AspA T F37 e 7
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e e

e (L2 8 o %0
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o = Q= Hkel o), A AEEEEo] 7 Hutol tsh
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Fig. 8(a) & d@AdolA 25 Foll $IAs 74 vF-o
EA5R= A5 w2oln] Fig. 8(b)= Fig. 8(a)ol 9o
Z EAE B9l A 9 selected area diffraction pat—
tern (SADP)o]t}. Fig. 8(a) oA & & &= e} 7ol
T UFoll= ol vlAlsh AbskEy 331 7471 e €] 4kst
=9 2 THE TAH] o, oyt 77} AlstEES
Fig. 8(b) 2] SADPel|A ring pattern®} spot patterne &
A5t} Ring pattern 4 A3}, Az a = 0.414
nm¢! fcc T2E FAH UL webA], SADPE 42 1o
A 0% Nizk 7 #E% 202 v)Fo] o] AehE-S NiOZ
FHH . FaE NiOE AAMET7Fa = 0.4177 nm<! fcc
% (JCPDS # : 47—-1049, 04—0835) 2 <24 Qlth
A3 27 Fej o] akstE 2 5EH f-2¥ spot pattern 49
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2 ~3ldlo] 9lom, Ni, Fe, 18]al Cr& &3 ~vde
NiF6204, FeCrzOq, NiCrzOq %‘ Oc}:z:s_]_' %‘781‘7]' %ZH@”E]'
SHAIRE, Fig. 7(c) oA g} o] < UF-ell A Fert wHA A
9 AME nFo] B o M Thedol e TR
NiCr:04 &2 (Ni,Cr) A¥dlE #ddn) Za 2, NiCr04
= AAd7F a = 0.8299 nm<! fee 7% (JCPDS # :
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Fig. 9. SEM micrograph around a crack tip selected for nano-SIMS
analysis.

of o]xg Ay AlEritt v ¥ AvE Bl dlows,
ARGE AR A o] ME vEar, g Al el A=
w2 9ol et b d3E E 5 9o, TEM 24
& Aol AR T e 7 HEARL @]l 7]]1gt
Ao w Iehert

TEM/EDS®E = #410] ojg|# Hel &2 dzedae ¥
st Ass AAISH eotr 7] $8ke] nano—SIMS 4=
83lA ) Fig. 95 nano—SIMS 48 98 A +
A §-919] SEM ¥z dijoln], it tlEo] o] Aj5elA
ARRAE wet Tt AFEsEe] A4l Bgs 7

HojF3l qlth

Alloy 6009 & 74949 Cr, Fe, Nig} g7 H, O,
Boll thst ¥4 A3}= Fig. 100 ettt 7 yiolx=
H, 02} glEo] B7F AEEE b, ol A8 =8-dof g3
o] AE FAF (HsBOy) ©] 55/7125 o] 4 vyl 25
Ho] e b 7]Qlsh= Ao g ket 78 vk A}
2, AARAe FxE ] ZEEEES] xHedA O
7} o] AZEEHtH= Aotk ol ARYAR Gk o
5017t 07} A AFestES v A AFEsE
= AsAR ARE A EY, bE A7 AEE Ol 9%
AFeEE] B9 A3 A4S waustgith #ddag A
ol AANA He B7F A& b, S0 E AR
< AFEsHES] AR9 H, B AF A7} tiAE L8t
ATh= Aotk o]efdt ARAo] O o] lell Hel B7F Al 27
EFsle ) Bheslo] Af 2L phaseE AT AQA], 2L
AFeskE X FaE 1A= oy EEgsith
ARHAZS Eal g9 Hel B7} A A3t E3)

s A5 b, o]ol whEk PWSCC Awel ol 9
S v =7l tidt A A A A gtk

ARES S8l AS7HA] 92 AT Ad9E EUlE, PWR
215 oA o] BASHE IS Tt o] QoF

o

hu
o & o ok

T

% 9 K

—
re o

CORROSION SCIENCE AND TECHNOLOGY Vol.11, No.4, 2012



OXIDATION BEHAVIOR AROUND THE STRESS CORROSION CRACK TIPS OF ALLOY 600 UNDER PWR PRIMARY WATER ENVIRONMENT

grain
boundary

Spm

—_—

sk 4=tk (1) Abar 39
upet BA| YREE FAakEe] & :
23 AAUAZ galE]o] AT Ak
w}a‘r Cri} BEg3lo] M7 07 3282 A5

3L, (3) A YA N Cr Feo) 112
lﬁﬂﬂ% (4) ArAo] Aol o8 Ak} (9%% dsh e 474
A= Foll wl-$- Heksk x4 07 Walo]? o] A
= g} gdo] FA FaEek dEF o2, Alloy 600 ZAY
Y29 AFHAS 53t A4 gk dato] PWSCCE
s T ARl Aow gy

4.

5]

=
—

CRDM Alloy 600°] &l PWR 94 125 #8945 &

AR #7gellA PWSCC Ag& aieh §- o Aol tid
7+ WS TSI o1 Fall, A SR AT A
oM el Atsh @dat sl vt 22 dEE dS

s
T A3k

D 9 s oz RE IS Tl At AFHAE w
2t 2 gkl Sk Aka s e Al
AHAN AFAEES 3 36}91 o, 1o wet A%
HA N Crat Ferl 1231 Nivh 555 d24o] %
Aot o of S Aol Y Fite] o5k sk S,
A= el Fofet 2202 sk Hi= AoE 3

etk
2) w4 Ui Ui Asksat o sk 255 7%

CORROSION SCIENCE AND TECHNOLOGY Vol.11, No.4, 2012

1EIU

Z o] Fo]A] 013519—‘31, i
2 A
AT Artel| x|t A HA AN 2} v IR 2, o
A3} matrix®] 3 2 Ado|AE Cr Fert 21453 Nizk
FEE = d@do] HAEIT
3) Nano—SIMS &4 A#}, Atxsl @] Aol

AbelES AFAtstER, 18
2 NiO9F (Ni,Cr) A3ds =] ATt

A& 9= A B o=
Wiz kel Aas A AEEsEe s Akt
Am Ao = FAErh
B A3 A4 248 CGRS 7.6 x 107 mm/sec

S QA AEEEhEo] £
n

)

v

1 Qom, PWSCC A &4] l =& ZHLE A=t A%
HAAE vt R8st 72 dA = §‘r€°ﬂ o8 #4
ko] blunting® 31 2., 7‘1 gL Wﬂi—% < e

E}EW o] 78l ¥ PWSCC A& é} st A
el u = 207 gkt

SEIOET
anes

1. W. Bamford and J. Hall, Proceedings of the 11" Int'l
Conf. on Environmental Degradation of Materials in
Nuclear Power Systems, p. 1071, Stevenson, WA (2003).

2. W. Bamford and J. Hall, Proceedings of the 12" Int'l

149



W

10.

11

12

YUN SOO LIM, HONG PYO KIM, AND SEONG SIK HWANG

Conf. on Environmental Degradation of Materials in
Nuclear Power Systems-Water Reactor, p. 959, Salt Lake
City, Utah (2005).

. W. Bamford, G. G. Elder, R. Perdue, and B. Newton,
Proceedings of the 13" Int'l Conf. on Environmental
Degradation of Materials in Nuclear Power Systems,
Whistler, British Columbia (2007).

. H. Xu and S. Fyfitch, Proceedings of the 12" Int'l Conf:

on Environmental Degradation of Materials in Nuclear
Power Systems-Water Reactor, p. 833, Salt Lake City,
Utah (2005).

. F. P. Ford, Corrosion, 52, 375 (1996).

. H. K. Birnbaum and P. Sofronis, Mater. Sci. Eng., A,
176A, 191 (1994).

. T. Magnin, J. M. Boursier, D. Noel, R. Rios, and F.
Vailkant, Proceedings of the 6" Int'l Conf. on Environ-
mental Degradation of Materials in Nuclear Power
Systems-Water Reactor, p. 669, San Diego, Calif. (1993).

. P. M. Scott, Proceedings of the 9" Int'l Conf. on Environ-

mental Degradation of Materials in Nuclear Power
Systems-Water Reactor, p. 3, Newport Beach, Calif.
(1999).

. L. E. Thomas and S. M. Bruemmer, Corrosion, 56, 572
(2000).

P. Laghoutaris, C. Guerre, J. Chene, O. Raquet, M. Sennour,
R. Molins, I. De Curieres, P. Scott, and F. Vaillant,

ICG-EAC 2008, Bastad, Sweden (2008).

. M. Sennour, P. Laghoutaris, C. Guerre, and R. Molins,
J. Nuc. Mater., 393, 254 (2009).

. M. Olszta, L. Thomas, D. Schreiber, and S. Bruemmert,

150

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

ICG-EAC 2011, Dresden, Germany (2011).

M. A. Hicks and A. C. Pickard, Int. J. of Fracture, 20,
91 (1982).

G. A. White, J. Hickling and L. K. Mathews, Proceedings
of the 1 1" Int'l Conf. on Environmental Degradation of
Materials in Nuclear Power Systems, p. 166, Stevenson,
WA (2003).

Y. S. Lim, H. P. Kim, H. D. Cho and H. H. Lee, Mater.
Char., 60, 1496 (2009).

R. H. Bricknell and D. A, Woodford, Acta. Metall., 30,
257 (1982).

R. G. Iacocca and D. A, Woodford, Metall. Trans. A,
19A, 2305 (1988).

R. W. Stachle and Z. Fang, Proceedings of the 9" Int'l
Conf. on Environmental Degradation of Materials in
Nuclear Power Systems-Water Reactor, p. 69, Newport
Beach, Calif. (1999).

J. Panter, B. Viguier, J.-M. Cloue, M. Foucault, P. Combrade,
and E. Andrieu, J. Nuc. Mater., 348, 213 (2006).

J. Robertson, Corros. Sci., 32, 443 (1991).

G. P. Airey, Optimization of Metallurgical Variables to
Improve Corrosion Resistance of Inconel 600, EPRI
Report No. NP-3051, July (1983).

S. M. Bruemmer and C. H. Henager Jr., Scripta Metall.,
20, 909 (1986).

S. S. Hwang, D. J. Kim, Y. S. Lim, G. S. Kim, J. Park,
and H. P. Kim, Corros. Sci. Tech., 7, 187 (2008).
K. Fujii, H. Miura, and K. Fukuya, ICG-EAC 2011,
Dresden, Germany (2011).

CORROSION SCIENCE AND TECHNOLOGY Vol.11, No.4, 2012



