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320°C, 40% NaOH £ autoclaveoll 4] 2F 300wppm 2] &4 8 #5732 gl 15Cr-9Fe-balanced Ni §3 &
AbA "ol e -S4 APAE ARG BAAHE 700T, 100417 F¢te] dXE Ul H4ed 5 A= 7hsdt &
B2 8 2EA BEE HEAN F, ohA] ALslol o ZEA 3B JHE =AHE 800T ~950C w9 HFdxie)
§ Alds s S9AA o5 U-Ae R $3E kst EnjE gt A5 A 271 &=t et A WS APyl
(IGSCC) AREEE 900 C7AAE A A2 F7tachr) 950T M= 700 TR 22 g2tz o A 2Fasido. &,
ZEA wistgo] AL = 2 Wl Fagol wet IGSCC Mg o] Zhastchrl st ) Ag-af ® 950C dxj=] =AM 23]+
71R & IGSCC A FAe Jelych, ol e HFd ] 256 @& WA 3 6009 FAAFS A &a13ts 284
Bb5} 2o Heus) afFol ohuie} A A Bi-2EA BE-2E0 A Y g8 o] FAjx sta e lARAge] 2 EA
g3l go] A& ol dXe 25 ate} Frlsiclr) 2730] 4 AL HUS o 7H EolAy) did Aoz A4,

Abstract 15Cr~9Fe-balanced Ni alloy (Ni-based alloy 600) containing about 300wppm carbon, stressed by U-bend-
ing, was corroded in the autoclave with 40% NaOH solution at 320°C, and then its corrosion behavior was investigated.
Before stressing it using U~bending, additional heat-treatment in the ranges of 800C ~950C in air had been per-
formed to control distribution of Cr-carbide precipitates by their dissolution, after the precipitation of many Cr-car-
bides at 700 for 100hr. As the additional heat-treatment temperature increased, the crack propagation rate of
intergranular stress corrosion cracking (IGSCC) of the alloy increased almost linearly up to 900C, and then decreased
rapidly down, showing more lower rate at 950°C than at 700%C. It can be thought that the largest resistance to the
IGSCC at 950C might be because there was no carbon segregation at the grain boundary by the full dissolution of Cr
carbides at 950°C although the carbon segregation under Cr-Cr carbide-C equilibrium at the grain boundary increased
at increasing heat-treatment temperatures
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IGSCC AFNA §1F=H o, YaA ¥5 6009
caustic IGSCCollAle 2 7FsAe] AdlAo R AHAlE]
stc}. 2 o) BEE W4o] A dojuhs 27U TT A
212 A5k 288 caustic IGSCCE] AFAe) IA F
7}e}7] wEolch. LA, A AFAELS BEEY A
HAo] caustic IGSCC A& F7HA v FH: T
c}0 aefu, oAzt AlE AEE wEE ALt ¥
o] ¥ w2 IGSCCeHel HAlE H&slA HY=z 2
A gk, w3, AR 2EF 2EEYI caustic
IGSCC A @A} Abololl A 2 A= HEs}A] ¢dch. o]
e JAA §F 600& 700CH4 A2 4 caus-
tic IGSCC HFA L dxe] F &2 Ak Wl 57kt
vl ZE 372848 caustic IGSCCY H@Ado] = A
Z71 Folx EAT Ratolie} 238 ZF nAPte)
Z3HA] 9= MA (mill annealed) ¥ AFAAME
w7 = 7] ool !V

AA7EA Bag AHE 25 caustic IGSCCe} plH=
Z7re] AfFAE YA =it WAHE W caustic
IGSCC Y M@ o) #A4dte Aeos A4t Sung 5L
gageko] 20wppm °lEtel TEEANE (BT ETR]
20wppm °]&}) A& IGSCCE A2 w73stx) Fahd ot
o] A Z el Bt 2 300wppm A7I5tge o Al IGSCC
7b AL B astch'? ol ALY JT el Y
AA 6009 YA dissolution rateE F7}4]17]7] A&
olztx Adwstgdrt. o|9} A A™e] Yamanakaol 9
HAZ A7 =Lt 2= 700TAH x5 AAE o
Alzbo] ZejA o) wa} caustic IGSCC A4 o] F7lshe
o] &5 wrslE2 A3 ¥4 C, B, P 59 &L ¥}
5 UEE F5A7A A ETFE e A4A717) diel
o Ad9gsiglct. 2eu, o] AGEL EEEL JAHY
& AgstA sk Aol kAR AL Brlsta,
A8 2 @2 BEE] d4AFH IGSCC HFA
HA oyt o] ¥-Fdlrhe FAAHl AU

w2bA], $-2le oA dxEE 5T JAA &3 600
o] HEEo] g ¢ ubEE Ha o S3E FU)
222 AEEe £xe eyl WAstEgE W vz
3 caustic IGSCC A FA =] AAE Agst=d & #A
o] . B m=FolAe olF 3% RdAUYoEA Tk
ZA4 dHE AAEl ZEA =g LEet 2ok
< WA Foll U-AYo B 3o 7hsfal A H
Z 4714 E7l0lM $HFAlEE AYE AT 2
o] RAAFAY 2AAANE vieto 2 HEEY A&l o
& stadAE o]EAHR d&3ky T WE NiAl ¥+
6009 SHF- AN P& H7stz} shdch
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o714 £9]7)ol| 4] oF 300wppmS] BAE 53t U=
15Cr-9Fe-balanced Ni &A2] UAA 7 600 BA
(Nuclear Grade, Conmeta Inc., U.S.A) ol wigh 4]
FAL FA%7) 5t U-AYo2 $4E 7I8ke AR
o2 Aztsled SCC (stress corrosion cracking) Alg$
AAEtTt. FA A ol A4 A =L F 1) et
Witk A|8E U-z¥e 2 Az8l7] Aol WA as-re-
ceived Aele] AMEE 1100TA 208 48] ¥ £9&
AA)she] 2% Fo] A w3ES 7AW ©haet ZFo
2 #3443 dxeE slsich. o] A5 X2d
AL ALs4 700C A 10047 59t Xl A4
gty Aol ZEA sE}E) 715 & "ol YA HEFE
g kg, t}A] 800°C o4 8AIZF, 850C A 4417k, 900
Tl 2412}, 950C oA 14124 22t 2§ AHeE st
3 FYstgnt. o714 AR HFAX e hANA IH
Y= 7] FdA stgden, YRAH dels BF S
AlA dajglel] & o] FAR | vlH A9 Wshr} AL
HMe 298 FAHEE stgch o] oA X7 ¥
Az o) 7AW ZEA @3Ee FXE Al FollA Al
A} 4V, 10sec) & AAstn Fetdv|do2 FFAc).
=3, dxE ® A3 ouist Y=+ double-looped
EPR (electrochemical potentiokinetic reactivation) 2}
modified Huey Al@2e® #<l3tdck. oldl, modified
Huey A3 4e 712, Al27} 2+ 30mm<l AW EH&
grit #6007} deulgt ¥, felg7]o) dof B AL
Woll 24217k &7} Eichrt FAMEE §A4351 3 ©h9j A7,
DoiHA G Al glabslo] BAslgr).

A BAAYPE A8t oA dx2r #d AHe 2
2 1o ol FAYRE 725t U-AP o B F3 ofg, o]
o] 7}a)7) 228 A AT Aol 4 ©hA] Inconel 600 &
o] BE9} UBE o]83le U-A3e 7HA0] 177} HESH
Zo] A& o] JHAEE A4 AWE Azd}c)
BAL 2B e dxg Fo YHH 4SS AlAs
7} s A4 @ o HFHeRE 0bum Z27)9] &F
oy 222 polishing A&l E sholx, 2 27 A9 F4
7} < 1.9mm7} HE2& vk $-HAHL 320C A4 40
% NaOH £9¢ 223le Ni 200 A" 9] autoclave <t
o] 4] active~passive transition &7g]l < 100mV 2] ¢
£ Az AAslge o (counter) AF o2& Pt T& AHE-
How, 7]& (reference) FFoZE Ni & A8l
t}. o]uj, autoclave ¥t2] potentiostats o]&3ke] W52
Aol date A4S AoAF7] 43t Inconel 600 A&

Table 1 Chemical composition of Alloy 600 made by Conmeta Inc.

Element Ni Cr Fe C S Mo

B P Co Si Al Cu

Wt.% 745 | 156 | 7.2 | 0.03 {<0.00]] 0.05

<50%[ 94* | 0.03 | 0.12 | 0.21 1.3 | 0.06 | 0.20

(*rg/g)
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Fig. 1. Dimension of rectangular strip and stressed U-bended
specimen; (a) rectangular strip before U-bending, (b)
springback after U-bending and (c) stressing U-bend
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Fig. 2. O/M photographs of crack morphologies for U-bended Ni-based alloy 600 TT and MA specimens exposed to deaerated 40%

NaOH solution at 320 for (A) 20 days and (B) 7 days, respectively.
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o, 320C, 749 ¥4 ZbellE TT A3 x| =] sk
& o3ty Al BAAFEE AP Ho)EE MA HE
g Aj"e] TT Hed AlHEch §37)4 EH716A4 9
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gubz o 2 YA §F 600 AlHE-E 700°ColA 108 o]
Aol Al s ZEA sshEe] AEFHA A ¥
N ZF ] THZE of7|EE RIS} 2 BAEHE
ZANME 283 caustic IGSCC A AL viepic)®
&, TT dA3 Azt & UAA F=F 6009 «%is7}
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MA AHzl®E A6 AlNA ZEA ekslEo] Ao S}
7] o o BRE Aje] dnld} HA] WgkEe o 5 3l
Fol= B3l TT Mg AJHEo) o w27 Fdo| A
Al e 21 29 AYAAZFEH & 5 gld) &,
TTe MA Xe|H AHAlolol A el vl 729 o] 2
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270 @& YAA 7 6009 caustic IGSCC AFA 9
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9 A, shd = B5E9 34 53 FE vy F=
o] FFF g o) dofl= Aoz A 4 9}

YAA &5 60004 dxzjel o HEd 25A =3}
B2 Hejjo} BXE 2o gl g #HsiAA
7143 2471144 IGSCC M&HAd 2] da& A3 43
7] 18 ®A 1100T A 208 Ft A3 %2’ A
& 700°C A 100412 5 €xE)E AAE Al =
A 23hge] gel HHZE T ohs, obA] 800T oA
817, 8504 42]7F, 900C oAl 2217}, 950°C oA 1
Ak 22t 2EdAEE sk 2o AHe] six]e
vl TFE W3E Aol Y3 F FEAn|Ho 2 Hisle
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Fig. 3. O/M photographs for Ni-based alloy 600 specimens which were heat-treated at (A) 700°C for 100hr, and then subsequently
heat- treated at (B) 850°C for 4hr, (C) 900 for 2hr, and (D) 950°C for 1hr, respectively, in air.
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Fig. 4. O/M photograph for Ni-based alloy 600 quenched after
the solution-treatment at 1100C for 20min.
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4 9z, =3 98 227} EEhitel g 2 gEe] A
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7t gla ol 2H 7o B Hol AlHEo| dinld =R sk
t}= double-looped EPR A @ AAE ARA)3ts A2 A
ZHEc}. &, 913} 5% estke AL slAl¢lA 9] Cry
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thetA Aol & Al M ZF FE 2FAFIA] o
omA 2EA 3tEe] e} L& WAz 2d 39

20

10
—_—
o & & o
of —& * - 10’ &
= DOS =
S S
-10 <
n S
e =
201 {5.0010% B
£
g
a0l IPM =
- o -
L . L 0
600 700 800 900 1000

Annealing Temperature (°C)

Fig. 5. The corrosion susceptibilities as a function of annealing
temperature for multistep heat-treated Ni-based alloy 600
specimens obtained using double-looped EPR and modified
Huey tests
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Fig. 6. Crack propagation rate as a function of annealing tem-
perature for U-bended Ni-based alloy 600 specimens exposed
to deaerated 40% NaOH solution at 320TC for 7 days after
multistep heat-treatment.
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Fig. 7. O/M photographs of crack morphologies for U-bended Ni-based alloy 600 specimens exposed to deaerated 40% NaQH solu-
tion at 320C for 7 days after the multistep heat-treatment; (a) 700C for 100h, (b) S00C for 2h, and (c) 950C for 1h.
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Fig. 8. O/M photographs of crack morphologies for U- bended Ni-based alloy 600 specimens exposed to deaerated 40% NaOH solu-
tion at 320°C for 24 days after the multistep heat- treatment; (a) 900T for 2h and (b) 950C for Lh.
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Fig. 9. Carbon activity calculated from Cr-Cr,Cs-C equilibrium
at the grain boundary
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