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Effect of Heat treatment and Composition on Stress Corrosion Cracking of
Steam Generator Tubing Materials

H. P. Kim, C. Y. Oh*, S. 8. Hwang, I. H. Kuk and J. S. Kim
Korea Atomic Energy Research Institute, P. O. Box 105,Yusong, Taejon, Korea

*Chungnam University

Effects of heat treatment and alloy composition on stress corrosion cracking(SCC)
of steam generator tubing materials have been studied in 40% NaOH at 315C at
potential of +200mV above corrosion potential using C-ring specimen and reverse
U bend specimen. The tubing materials used were commercial Alloy 600, Alloy
690 and laboratory alloys, Ni-xCr-10Fe. Commercial Alloy 600 and Alloy 690
were mill annealed or thermally treated. Laboratory alloy Ni- xCr-10Fe, and some
of Alloy 600 and Alloy 690 were solution annealed. Polarization curves were
measured to find out any relationship between SCC susceptibility and electrochem-
ical behaviour. The variation in thermal treatment of Alloy 600 and Alloy 690
had no effect on polarization behaviour probably due to small area fraction of
carbide and Cr depletion zone near grain boundary. In anodic polarization curves,
the first and second anodic peaks at about 170mV and about at 260mV,
respectively, above corrosion potential were independent of Cr content, whereas
the third peak at 750mV above corrosion potential and passive current density in-
creased with Cr content. SCC susceptibility decreased with Cr content and thermal
treatment producing semicontinuous grain boundary decoration. Examination of
cross sectional area of C-ring specimen showed deep SCC cracks for the alloys
with less than 17%Cr and many shallow attacks for Alloy 690. The role of Cr
content in steam generator tubing materials and grain boundary carbide on SCC
were discussed.

Keywords : stress corrosion cracking, steam generator, Alloy 600, Alloy 690, 40% NaOH,
polarization behaviour.
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Niz] @3¢ Alloy 600& 312 W24do] -5
37 W B 93 /1287 AEd AJE= AL
453 gtk Alloy 6000] AE# A2 AY
€ ol %, Copson B'¥e 94 13 2 23 4%
4 2 A Alloy 6000] £ WA E 31
Aty o1}, Coriou §4e 129 &4%
EAqME o] ABRANAM 33K 2 5 (stress cor-
rosion cracking, SCC)7} @4 s= & AFA
Aoz gzl Alloy 6000] SCCo % &
4 7bgAdel Bag ol%F Alloy 6002] SCCol o
& we A7 A= o] Alloy 6000 §714%9
0 A 2971 A SCColl #HgTE LA
=i, £ Pbrt A7iE® SCCrt 7t&E =
Aol ALY g g BN SCCe
Faldgdol 423 &Y, FIHAHrt 74
A 9] (open circuit potential, OCP)Rt} 100~
300mV ®& 9ol SCCH FH3A JP &
6719

TH AE5FU LARAAME ALEAIZe] Y
Aol wel AEH A8 SCC 97 &4oz
sleeving® plugging 59 RF3AUT A B¢
Z71447] mZAAA AP Aok F71LA
7] 2 &N AgdHe] &4 dFrE FN 7
Aol Az, A Yo BB FF3)
o EA9 Am(pH)7b el Er7148 #9710
2 Hd &£42 &AL hEEd 234 F
7127 AdBe F &4 49 st @7
A4 B4zl el SCColth, ENE grldoz 7
=& Na o] e Y4 ¢ deGEFe E€E
2 FYEAY olenBFN2RE FAZH F
dslE A$7E Ah® g1y E971e SCCE
JA s A8 BFH SWHeA 23 AlF YA
8] B4 E 94, 844 47 ¥4, molar ratio
274, B2 gAAlY HUt Fol BEHoz B
Egxoz wHsd g5 Yp'”

HET: Arel SCC AgF L #4717 A3

AEH Z2do A Alloy 6009 %X 2] (thermally
treated, TT)*® ¢} tj&ol Alloy 6009] dia A&
2 Alloy 6900] 2@ ad AL 7] ARt h®
Alloy 6902 &4 2 FAHES79AM SCCrt A
o] AYHA g Hrg B9 4 SCCr
s s Alloy 690 TTe! SCC A 34d& Alloy
600 TT9 TEIAY $F3ivts Aol @&
Zo] #3 Yth?® Alloy 6907 Alloy 6009] =}o]
L Cr& Alloy 6900) o 27-31% 38313 Alloy
6000} <} 14-17% TH3t2 Athe Aot A2
Jacko=1® Alloy 6003} Alloy 600¢] JAIE = A}
T AR BFIHE 22 47N EHIAA
dded, AgFe Cr 554 ©E 484 Us
AL Holx gtk F 2E5H AFdU=E Cr
ofe] 16%<! Alloy 600014 A4 A3 Cro| 8%
¢ Am7E 1 thgold, Cro] 13%% AEE ¥
37t 92 gtk @4 Ni7) 39 A=
7 B&dy Fof g8 SCC AgAd Bl B
A7t FPYHY o, AZA € 24 o
22 A%y SCCHPAHAe] A T AH
slol oz ¥l §9 oWd Alloy 6002 ¢
A Crs=7t ¢ 6~8%2 YA FWel Cr 17
o] ed o HRizdE MyE Cr 7] g
MA Agd ®id |78 9716 2318 o
g SCC Ag4ge¢ nATt?® gatr Niv] ¢
9] A7 BH71dA SCCAR YL ABe Cr
o] #HoM Mgy Zdsieh

B dfdae F7a40 243 A1 4
A4 ¥9y] SCC dAg odfdte A& M E
As Agel 7lxzAg2 BLslnz Alloy 6003
Alloy 6909] w4 zZ 3 Nir] &2 Crgd o
& BE3A%1 SCC #d-g¢ d7stax stdrh
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Al8-§ ¥ Alloy 600, Alloy 690, 28l1
Ni-xCr-10Fe &3 Fol%lx Alloy 6009 as re-
ceived A ® & mill annealed(MA), thermally
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treated(TT) X & pilgered® Ay, Alloy
6902 TTdHA . AAHAM MANEE =A}
371 918l as pilgered Alloy 600& 1090C¢ =
o Bd F 42 A F FPHAL, TTHHE
2 ALE 7] 918 as pilgered Alloy 600& 1090°C <}
=o FY ¥ 42 #A F 38 H8E 720C
A 12412 F=7b EA 23t v Ni-xCr-10Fe
T3 dF Alloy 600, Alloy 6908 A EAA
solution anneal(SA)*{&]3}ed carbidee] <3F&
gl A 8 Nir] FF(Ni-xCr-10Fe)o| A ©x A&
9 Cr %o wWe SCC AN Hrsd.
Alloy 60047 4 gao] 0.08%< A& A9
3 BE AF} Ni-xCr-10Fe fd2] SANFHE=
1100 CoAN A 3082138l carbideE 2% &84
3 £Ysgn Alloy 6903 0.08%CE 353
Alloy 600& 1150°Co 4 30&7t SAX=zE] F $4
tdch AHE-E Ao A& Table 19 el
=3

dxald wa Alloy 6009 carbided] B¥X &
By 98] 14 80ml+FF4 10mel f AN

Table 1. Chemical compositions of Ni base materials

25~3Ve] AYE 15~30secE <t etchingdtg o
o, JAE 27| AHA e 5ml+ A7 A4
5mfl fAdA 25~3Vel Hgoez o 15~
30secH ¢t 4} etchingslgich Alloy 6902 gk
2 98Bml+EEC2nl)N A o 5%7t etchingdlsdth.

EIAELE 5x10(mmHY A EE  0.3um
alumina powder7}®| polishingd A€ Alloy 600
wired] spot welding 3 # Alloy 600 wire® &
d 9 983Ut olFA ¥ F Conax fitting®
o] &3} A ) 34l o}
Reference electrode®} counter electrodez ztz}
external Ag/AgCl electrode$} Pt& A}&-3t4c})
o] =AM HAARE external Ag/AgClel of &
FHAYA golth EF AFELEA S Egso A
otd NaOHE #H71% 40% NaOH & gojge
W, AlHE AELY & FY F autoclaved
71g8te fqe] L2myt APLEd =29
OCP(open circuit potential) 2.t} 300mV & A
oA 302 FX AMEE A AU 2 F
EG &G 273 potentiostat 2 -300mV vs OCP¥-H

AlH L&  autoclaveF74 o))

materials C Cr Ni Fe Si Mn P S Cu Ti Al
Ni-10Cr-10Fe(SA10Cr) 0.02 10.5 79.7 10.1 0.3 0.3 <0.01 <0.001 0.1 N/A
Ni-15Cr-12Fe(SA15Cr) 0.003 15.3 72.2 12.1 0.005 0.26 0.01 0.001 0.25
Ni-17Cr-9Fe(SA17Cr) 0.026 16.8 72.3 9.0 0.3 0.8 0.008 0.001 0.01 0.3 0.20
Ni-21Cr-10Fe(SA21Cr) 0.007 20.8 69.7 10.2 0.02 0.24 0.007 0.001 ’ 0.26
Ni-30Cr-10Fe(SA30Cr) 0.02 29.57 58.9 10.54 0.22 0.32 0.009 0.001 0.01 0.26 0.019
Alloy 600SA1 0.01 15.4 75.1 8.0 0.1 0.3 <0.001 0.2
Alloy 600SA2 0.04 15.98 75.34 8.03 0.2 0.21 0.001 0.12 0.22
Alloy 600SA3 0.08 15.3 75.58 7.65 0.3 0.41 0.001 0.02 0.3 0.15
Alloy 600MA1 0.01 15.4 75.1 8.0 0.02 0.3 <0.001 0.2 '
Alloy 600MA2 0.04 15.98 75.34 8.03 0.2 0.21 0.001 0.12 0.22
Alloy 600MA3 0.026 15.29 76.11 7.59 0.15 0.24 0.006 0.001 0.015 0.32 0.23
Alloy 600MA4 0.026 16.8 72.3 9.0 0.3 0.8 0.008 0.001 0.01 0.3 0.20
Alloy 600MAS5 0.022 15.55 722 018 0.22 0.003 0001 0.01 0.18
Alloy 600TT1 0.016 16.49 723 9.36 0.32 0.84 0.008 0.003 0.01 0.3 0.2
Alloy 600TT2 0.025 15.07 74.89 9.08 0.15 0.21 0.001 0.001 0.011 0.32 0.21
Alloy 600TT3 0.022 15.55 7.22 0.18 0.22 0.003 0.001 o0.01 0.18
Alloy 690TT1 0.020 30.0 59.6 9.26 0.36 0.31 0.01 0.001 0.33 0.023
Alloy 690TT2 0.020 29.57 58.9 10.54 0.22 0.32 0.009 0.001 0.01 0.26 0.019
Alloy 690TT3 0.018 29.15 8.19 0.16 0.27 0.004 0.001 0.01 0.16
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1200mV vs OCP7t2l 1mV/secq] B23&£EZ 2 £
ZAAS AYLEE 100, 200, 280, 3157Cel A vl

LE R APgde 315Ce 40% NaOH
4 o)o]9] @, reference electrode®} counter elec-
trode= BZAIFA AL4E A FUdT Aol
t}h Al gA]H L C-ring ¥ reverse U bend(RUB)
e 2 PHEUon, bolt loading FH & At&dt
AE g QF&Ho NHA=E YA &
YR HL A" +200mV vs OCP9] A&
EG &G 263A potentiostat® 7}l & ARl A
Paas. $ARANY F AW EW % 99
2813 Sdde #udndn SEMo g 333
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3. &1 % 1F
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SCCrz=s} B3AFA0le TAE Lotr7]
98 &xo wE Alloy 6009 £3FA%F(Fig. 1)
I AR A We EIAF(Fig. 2)& &4
gl 100 CAA BZFTAH L -1000mVel Al an-
odic peak ¢} -250mVo) A anodic peak& HAE
t}. o] B2 A& Cragnolino o] 140°C9] 25
M NaOHF&gol A de Aol FAS Z3e
Ro)m -250mVe] peak: Crol #Fd g u
3] (breakdown potential) 2} #A Y  Aelth
-250mVol A 25e mutozRE Cro] AH3F
o2 £§%"d da Nivt %% F 5y o]
Ao tA RE3rt He Aoz A"
257} 200CE F7hgel what FFe FHhA
Cr breakdown potential®t}l ©] %2 H$dA
A2 peakrt VAL UG 280CAAM= Crad
B9 peakol =77 FHREA debtA &k
3, Cr breakdown potential 2t} & g A
Rz FFL= 2ZA  Fsidch =@
passivation potential®} Cr breakdown potential
Atoldl A && peakst ek ow, o] peaks
315CIAAME #AHAUY. 25 I #2
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Fig. 1. Effect of temperature on polarization
behaviour of alloy 600.
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Fig. 2. Effect of Cr content of Ni base alloy on

polarization behaviour at 315C.

8 o2 peak F Cr breakdown potential®}
dg peakE® A YT el peakEol olH FH
gureal #AEE AdAE ¢ & ddoh 2=
7} Fvlge wat dA "REE, FEH AR
ux g Zz}e] peakdlM FRIY=s FU1EE

E 2 glt}l. 18 1 passivation potentialef A
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peake AAZ F sio| peakZ TAHO U=
o, £€x7F @& ¥ ot EF peakrt $AM3A
T 227t FAEFE AF peakyt HF oA FH
peak®Bt} A= AL BogFEd 254 o
E 5 FHe25H FFd e FAo &
= 2 Ao A gEHES ¢ F Arh
315CAA SA He® Nivl gFd A Crgdl
0E £33 39L& e FAE AL BE4dEH
(Fig. 2). 43E3F34 L passivation potential
o] peak7t#] XA 30| peakE HRAT. Z
Zte] peak A (mV)S} peakdlA e HFEIL=
agy FFH dFLEE Table 24 et
AdA AFHUEE 16%CrA 58.(Alloy 600)1 A 1.1
x10'A/cm?e]Z  10%CrA & (Ni-8Cr-10Fe) ¢}
30%CrAl B (alloy 690)2 Zz 1.7x107'9} 2x
10'A/cm?o| k. 28l:  Alloy 6909 A%
active region¢] Alloy 600°]tY} Ni-10Cr-10Fe
gEFrt of ¥k Cr breakdown potential
(OCP+700(mV))N A 2] peake HAFEz o
Cr breakdown potential Bt} & H oA
5y ARYEE Cryxrl 248 Z781494.
12} 31 passivation potential ¥ 2] active re-
giondl Al A A2 AdHs A= 2709 peak7t
Crig=d #AQlel Uetdllth. 23 peaks &
o] A FA Gl ¢ OCP+260(mV)ol 3
oo 2z peakdl Al AHFL=w Crdel F71
ol wa} Z7h@h Ty 12 peakd 23
peakAtelo] HEel HREEE Cr=8~17%9
A 3x103%A/cm) ez A9 dFsReY Cr
=30%Y 99 —‘?—%EH AFYEE 8x1073%A/
cm?) o2 o 3uf9] & g HYth FFEIF
Aol M2& peake] FHL peak AFo) HF
oo JAo| WEEANY il H¥ZE, A
Aol A 242 &3 BAR Rojrk® 13
peak®} 23} peakAlo]e] g9 (Fig. 3)o] 10%
NaOH #g&9jdA SCCrt waste J9°93
AX e Ao Heol o] A M ¥
FHHute SCCE F LA Roz B

Table 2. Peak potentials(mV vs open circuit po-
tential) and current densities(A/cm?) of Ni base
alloys

Ni-10Cr alloy 600 alloy 600 alloy 690
-10Fe (15.3Cr) (16.5Cr) (30Cr)
1st peak(mV)& 150 140 130 180
current density 1.7*10' 1.1*10°! 1.1*107! 2.1*107!
passive current , gy1-3 3 1x103 39¢10- %103
density
2nd peak(mV)& 270 250 260 250
current density 3*10°  8*10°* 7*107% 14*10°%

material

passive CUITent ) £x10-3 125103 1,510 10*10

density
31"‘*31‘(“‘2’) 580 580 580 700
curren 2¥10°3  3*10°%  3*10°3 10*10°°
density
passive CUrrent - px10-3 2.3%10°% 25%10°% 7*10°
density
700 -
b —.uqm/.:m
600 + .
 ESSEEE VY
~ 500 3rd peak(Cr breakdown potential)
& soo |
(5]
Q -
2 400 | g
&
3 a0 2nd peak o]
5 |
% 200 /Ls[cmgno /]l
100 1st peak(Ni passlvatlon potential) 4
o 1 1. 1 . i 1
5 10 15 20 25 30
Cr content(wt.%)

Fig. 3. Effect of Cr content on peak potentials of
Ni base alloys.
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SAX 2§ Ni base@ZA Croo] BL&FE
SCCA @40l %718l tH(Table 3). SCCAH *
C-ring A|He] g¥ & Fig. 49 Jetdlit. 10%
Cr A8 #A9$ through wall 298¢ BHo g
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Table 3. Chromium carbide distribution and SCC test results of Ni base alloys

materials intragranular carbide  intergranular carbide susceptibility specimen
Ni-10Cr-10Fe(SA10Cr) n.d nd X C-ring
Ni-15Cr-12Fe(SA15Cr) n.d nd X C-ring
Ni-17Cr-9Fe(SA17Cr) nd nd X C-ring
Ni-21Cr-10Fe(SA21Cr) n.d nd 0 C-ring
Ni-30Cr-10Fe(SA30Cr) n.d nd 0 C-ring
Alloy 600SA1 nd nd X RUB
Alloy 600SA2 nd n.d X RUB
Alloy 600SA3 n.d nd X RUB
Alloy 600MA1 nd nd X C-ring
Alloy 600MA2 h s X C-ring
Alloy 600MA3 nd m X C-ring
Alloy 600MA4 n.d m X C-ring
Alloy 600MAS5 nd h 0 C-ring
Alloy 600TT1 s m X C-ring
Alloy 600TT2 m m A C-ring
Alloy 600TT3 h h A C-ring
Alloy 690TT1 0 C-ring
Alloy 690TT2 0 C-ring
Alloy 690TT3 0 C-ring

n.d : not detected, s : slightly precipitated, m : mildly precipitated, h : heavily precipitated, X : through wall crack,

A large crack, O : not visible at a magnification of 10.

o #9& AT ZFY] 20% KT H&
S §YHE& W Bioly v g P
5934 FAEHden, Crdeol BE
8ol Ak Cr=30%% 2% €8
o 2 #d9ol WL FAE &Y
% B vE I&E AT

Cr %9 ZF7dl @& SCC AFAQ9 F7HE
aA A A © 47 8%y AA(FESH o
ahye] W3l @ stacking fault energy W 3lo] w
£ slip mode W3l @ coincidence site lattice
(CSL) boundary H] &2 #H3 T THAA
B £ Atk A #H7] H3E{H BHAA Crddl
g F5e ou JAe] HdE By Fig 2
o4 Cr ol ZF7tgdl wat £5AF Astst
B SCCrl #Ase 99(0CP+100~0CP+
300)el A Crefol Z718e we ¥ 5e AFY
=71 Z71stdth 59 ARAEs FUtE
SCCA Aol Z7gvis o] At =
olyu}, Crogoll wep 3l o] Wslstn

Az

o b » u
M o &

o mo > Az ol e
HE ﬂ?.‘ _IIN rio -—{O

X

g SCCAEAG e F& ez E ¢
drt. ERE Nid] Cro] Hr1¥¥ stacking
fault energy7} Z7}8199% cross slipo] &ols)
Aty T4 o ®Hye] Hrm 7P ¥
cross slipe] Bol E4+E gAd &3 HFo
HA =& wdd planar slipg& 3tH YA A
el pile upel o& YAA FLd= FHol
AAA ek 28y 240 F go] Fuigd o
2} planar slipg 39 A &% homogeneous slip&
3l 3 tangled structure® R <¢Ith aiabA
SC crack tipd|Al AWl uj ¢ RBol e
Ag n3E Crgzid =& SCCAYNF7IE
stacking fault energy®] W3ltto =z dvslr] o
Fl, AAZ Cr %2 %719 we} CSL boundary
7t et A SCC HaAdol 71 E AHolete A
ot} YutAql Alloy 6002] CSL boundary(2<
29)e] ©l&e & 37%Qd* Alloy 6909 CSL
boundary(31<29)¢] ®l&& <}60-70%2'® Cr
@ol #7tgel wet CSL boundaryst F7}gteh.
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(a) (b)
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(c)

PWQIIUIIFf”a.-r

(e) (f)

Fig. 4. Optical micrograph of cross sectional area of C-ring specimen after SCC test : (a) stress free region
of Ni-10Cr-10Fe, (b) stressed region of Ni-10Cr-10Fe, (c) stress free region of Ni-15Cr-12Fe, (d) stressed
region of Ni-15Cr-12Fe, (e) stress free region of Ni-30Cr-10Fe, (f) stressed region of Ni-30Cr-10Fe.
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% Lin $2’& Alloy 6002 CSL boundary$
H] &€& EwW3 thermomechanical & 3lo
37%NAM 60-70%2 F7/HAA AAFH A4
& Z7pN A3, Crawford $2& 145 3494
Ni-Cr-Fed %3¢ CSL boundary H| €& %7}
Al 7 primary water 2$]7194 SCCAHIAZ &
Z71A A 28A9 Alloy 6000] Alloy 6903}
H) =3 8] £(60-70%)2] CSL boundaryg Z&
t} #]= Alloy 6900] SCCol xc} & AHAAL
z+=t}. weata CSL boundaryz} SCC <A 9]
g gloz ALIAE ge o= ¥@Ed
. A Ni7l @34 Crgol F7tged ozt
g1l Al ZhA Qizte] W3yl dupntg SCCel
71 &=rlE B g

Tg@A7 SCCA mAE I Hrsh
98 SA A ¥ Alloy 600SA1(=0.01%C),
Alloy 600SA2(=0.04%C) 28z Alloy
600SA3(=0.08%C)e. 2 RUBAJH<e SCCH
T & 7}t th. Alloy 600SA1, Alloy 600SA2
aglx Alloy 600SA3= M2 @iz o
weop ozl g J&Y 2AE 2FY A7t
dovt was ko @Al SA HAFH A
BE " $ SCCel =ztstg ovi(Table 3) of &
3= Airey E2¥0] purified anneal A 2] 3t &
AT E 0.006%14 0.028%74x wW3A7]
Alloy 600 A B4 A B4 FE7 SCC HgAA
¥4a 94%e Fa g A A

Carbide etchingAl A7} A2 d&EHo=
decoration® Alloy 600& SCC A @gAo] T4
]9t} (Table 3). Carbided] EXE H7] 4
lat o Ae AL Fig. 59 Yebdch A4k o} 3
o] @o| @4F carbided] %Uo] Bois HAL=R
Bg Table 39] Alloy 600¢] carbide®¥& A
%3t Q. B dFdaA  A2E Alloy
600TT13 Alloy 600TT2= A&A82A4 B2
U carbide® zt3 U ew, Alloy 600MA3
9} Alloy 600MA4d] ®3f 433 & A =2
718 #3 U Alley 600MASE  Alloy

600TT1 Bt} o A carbide decorationo] &
o] Elglon Alloy 600MA5& Alloy 600TT3
By} SCCAFAdel o Zth T MAX &Ate]
A% YA carbider} B NEAFF SCCAHE
Aol ZFrtalgtt wets SCCAHIAYE 7t 5
A7) e 2488 Axts YA carbidez B
4 9tk Airey 52 10%NaOH 8 A
Alloy 600TT A&7} Alloy 600MA Az}
SCCAZAel zZed olAL YAANAMA car
bide decoratione] THelA HAE Fart U
th. & TTHZE & A5 €42%= mill an-
neal 2%7t wom YA A&HQ carbide
decoration®] ¢tso] MAAz Agrts SCC
Jd o 9#¥ # ok getd TTAH=l A MA
£E 9 TTHI2x % Azte] B¢ Fade
4 5 Utk

Yamanaka? e} Theus 5398 Ao #ta&
Hol FFestEo] EA3H SCCARAG o] F7}
g Ad da den 2L e e AAEE
. OYA ZFEHE B4 9§ SCCH
A QYA AEUHBA E2E FH A8
A Az @YAFY AEFRLBIAEAN DYA
IEEHE Lo g HAd FEH AHF
A GUA IFEHE] Moz FHL3Y
AAN A B3 @UYA ZESZES coher
encydl 2% A 73 @YA ZEEHEA 9
T YA slidingdA @UA ZEVHES A
2 Q3% dAE wE FaldAe Fo4Fs @4
Zd 2% strain energyZ4 Fol HLE Ao
2 23t 2y ¥R AFEEHE o
@A SCCE 9dAldtertd disiaes B&stA
gt 2ZAN YAFE agFngdgel A
=2 SCCAHYAol FUE Aoz UTHXA
geth dwsd Alloy 600 dAE Crnzddy
& zteth wald sl alloy 6009 A=
Cro] 10-15% < SAX 2l & Ni-xCr-10Fes} #4}
doin B 4 Aok ol@ AMBAA Crgel F71

$2 SCCAH Aol F718l= R(Table 3)2.2
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20um

o]

(®)

(h)

Fig. 5. Carbide distribution in alloy 600 ( 500) : (a) alloy 800MA1, (b) alloy 600MA2, (c) alloy 600MA3, (d)
alloy 600MAA4, (o) alloy 600MAS, (f) alloy 800TT1, (g) alloy 800TT2, (h) alloy 600TT3.

o8 SCCAHY Zad AUdAd 7149 #A
AA Hrtsol gk = YA AFSEE
% Al slidingA 7t Hr1Ad £99719 SCC
Agdel  Fgd Jld¥PTdm B Ao
Super alloyo] A grain boundary sliding °| <]
3 creep serrated grain boundary& zt:= A
Hol A AR 281} serrated boundary S
ZE 2 4x2F Alloy 600AHe] SCCAEA L
40% NaOH g9 N da §452 §7])%?
W Zol 944 slidinge] SCCl ¥ & & Aoz
#A2EA ¥gevh YA Cr carbidert ol® e
2 SCC Ay e F7M71s7td 28 AL &
Bl g2 ngYHE EAFdEs AL
SCCo ¥z J¥F¥& FR Yot YA carbide
2 EASYE SCCAYZAH & 423 F/AAh

4.4 E

1) Alloy 6009 B3IJHL 2571 F713d
wet 55 999 #7122 anodic peakE R Y
FeE 9 F5d dFUE

Z718lg . =8 Cr %ol Z7M%e) wnal
anodic peakdlAle]l A{F WUE ¥ Bz AEFY

i anodic peak? A
=
“

Tx Z718

2) SAX 2% Ni-y Cr-10Fe¥Zo A Cr <o)
71845, Alloy 6009 YA A&5HQY
carbide decorationo] E4E SCCo &L A4
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