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Correlation of Microstructure and Pit Initiation Characteristics in Alloy 600
II. The Role of Microstructure in the Early Stage of Pit Initiation
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The roles of Ti-carbonitrides, chromium carbides and chromium depleted zone
in the early stage of pitting corrosion of Alloy 600 were investigated in deaerated
10,000 ppm chloride solution at 90C. Open circuit potentials and polarization
curves of TiC, Cr,;C; and Cr,3;C¢ were also measured to determine their roles on
pit initiation in the same test condition. It was observed that fast dissolution of the
matrix around Ti-carbonitrides occurred during anodic polarization and immersion
test, leading to pit initiation. Corrosion rates of chromium carbides and chromium
depleted zone were higher than that of grain of Alloy 600TT, which was attribut-
ed to the decrease in the pitting potential and the increase in current density of
Alloy 600TT, compared with those of Alloy 600MA. The results obtained were
discussed with respect to the microchemistry, microstructure and electrochemical
behaviors of the precipitates.
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Fig. 1. SEM micrographs of Alloy 600MA; (a)
after the pitting test, (b) after etching in 5%
nital solution { Arrows indicate grain boundaries).
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Fig. 2. SEM micrographs of Alloy 600MA ; {(a)
after the pitting test, (b) image map for Ti by

WDS, (c) after etching in 5% nital solution
(Arrows indicate grain boundaries).
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Fig. 3. SEM micrographs and WDS spectra of Alloy 600MA ; (a) after the pitting test, (b) after etching in 5

% nital solution (Arrows indicate grain boundaries),

B, matrix.
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Fig. 4. SEM micrograph showing the matrix disso-
lution around Ti-carbonitride after immersion in
deaerated 10,000ppm CI~ at 90°C for 4 weeks.
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Fig. 5. Open circuit potentials for Alloy 600MA,

Alloy 600TT, TiC, Cr,,Cs and Cr,C, in deaerated

10,000 ppm CI™ as a function of time.
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Fig. 8. Anodic polarization curves for Alloy
600MA, Alloy 600TT, TiC, Cr,Cs and Cr;C; in
deaerated 10,000 ppm CI™ at 90C.
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Fig. 7. Schematic model for pit initiation at the in-

terface of Ti-carbonitride.

Fig. 8. TEM micrograph showing grain boundary
morphology after immersion in deaerated
10,000 ppm CI~ at 90°C for 3 weeks.

e
H o

il

) 3] T’_%}Eli’it}. o)) & gzg Al

Moo & o
©

-‘liélé,‘—ié Alloy 600TT2] 4 ﬁ%‘f‘g’
St shuel Az Fgas

o2 #wodyg, a2y agdsEgy Az 5
4 nm =2 oo g Ti-carbonitrided %3¢
Ay AP AER e 44 g5 Hol
t, Alloy 6009 F-F& dHldrMe o $ e
£3le dndeg wue YL olvlEe

sade= HgstA H Aolrh
Fig. 82 Alloy 600TTel of & thin foil ~&H

g 28 Aoy 359 S AW I8

TEMe z ##g Zdaolth ZAY Hyds T
A deto] FAAHA oy IAFEsE 4
29 ZHEYHAE =t 59 nm HHe) T R
= Adel wAl veha ok o] A9 aF
5 Ast FAel dgHHl shgeted, 29y
o visted e sutel HAgol olga 4
"ol FA7E giiHeg goligs RHA R
Aot & AFFE AstA M P&
=7 2Ry HF viste vi¢ ade A&

ol m gt}

olei gt @A dwisl®l Alloy 60001t ~¥)
dlelazte] ARzl FAEY. B 9%
o Atg¥ Alloy 600TTel #H$ ZAAJAY Cr
T 1A vEte of 3~4% A= MY

3 JdHo g Nig) ¥571 27td oz &4
HRon, Al Pot B BMdE B8 2
=rh!Y Brl dsE 846 AR
% dge mAsvhs 293 o, P UA

FHE hEEE Aoz goA Aok ry
2 NEEAT 5L 2N &5 Nig &
F& Crol ¥l FFgAME=7E o 1000w
ol4 a¥ AYY FEHEF o) FA BaH1p
15 Fig. 8olA wad AFPANN #e
AT E 2 AP Fo Eoolh

Hetd  FFEIAFTAN  dEhte Alloy
600TTe] F4d9 At R ozl FHYS 2
e AAYAS 2gFE ARG 9 A5
2o we galo sl Aoz wadrh
## Alloy 600TTE Alloy 600MASH #3
24e FYd3d 2gVEE ¢ 285 48



50 grAesa A27A Al1x 1998, 2

A ge] EAsts +2E Zedh 2EFE A3 References

Adol da gl 7hgsd Alloy 600TTe

BAaRdE EgHRYol&d wet Alloy 600MA 1. P. R. Habicht, Workshop Proceedings : Pitting
9} zEE3Ee HAHY Alolo & 3o in Steam Generator Tubing, EPRI NP-3574-SR,
ok, 22U 932 Alloy 600MASl %A H Y Palo Alto, CA, EPRI, p. 2-1 (1984).

Wb ¢ 100mV 24 Jentm ol meld = 2. A. K. Agrawal, Workshop Proceedings : Pitting

EFr5E AsAde
BaAdsiEe A actived)
th ole 2FFE A3 Ao A sle %%
e Heo % B33 Alloy 600TTe] H 2
o dAHo ZA BAsT 9L 2on do)

F2108 = Alloy 600TTe]
g ThHopRt &

|
A4

iz

4. & &

1. Ti-carbonitride®] <17
faiHol FE MAHE AL o= Ti-
carbonitride/7] Xl Al®Hd| #HAH FIE (Mg,
Ca)Sel S(%e Pw &4 HAZ9 &7
& 2o AWl Aol RA&E 7}

7127 $AHeR

EE

) an o)

oF

o REH AATH
100u) o] 4}e]
=5

3. Alloy 600TT+ Alloy 600MAd] H| &l Z
297t A ststa ARE=7t F7et
At 23EA ZEEEE 4 AEFE
At Ao Mol ulg wE FALEE v|dg
3255 MaxAde Alloy 600TTe

4@4 A9s #a Atz Bgadn

AE e FAMYEAN F2HE Sk

HES A2 #AL3E= Ti-carbonitrides H#
Hel FAHE H3E (Mg, Ca)S Yaet 53¢
S HHYZNAN HFefsdte Aoz wudo

01] ] AHoy 600¢°] H] 31*04 oF
FFRIF AAYE &L YES

U TR

FEE3

ol &

v B

=3

10.

11.

. T. Yonezawa,

in Steam Generator Tubing, EPRI NP-3574-SR,
Palo Alto, CA, EPRI p. 3-1 (1984).

K. Onimura, T.
.
Workshop on

N. Sasaguri,
Kusakabe,
Tokimasa, M. Inoue, Proceedings :
Thermally Treated Alloy 690 Tubes for Nuclear
Steam Generators, EPRI NP-4665S-SR, Pzlo
Alto, CA, EPRI, p. 12-1 (1986).

H. Nagano, K. Yamanaka,

. S. L. Harper, P. L. Daniel, B. P. Miglin and 3.

J. Theus, Proc. 2nd Int. Symp. Environmental
in Nuclear Power
L,

Degradation of Materials
System-Water Reactors, La Grange Park,
ANS, p. 227 (1986).

. J. R. Park and Z. Szklaska-Smialowska, Corro-

sion, Vol. 41, p. 665 (1985).

D. S. Choi, V. B. Rajan, G. S. Was, T. Szaban,
Proc. 3rd Int. Symp. Environmental Degradation
of Materials in Nuclear Power System-Water
PA, AIME, p. 429

Reactors, Warrendale,

(1988).

. D. S. Choi and G. S. Was, Corrosion, Vol. 46, p.

100 (1990).

. J. Hickling and N. Wieling, Corrosion, Vol. 37, p.

147 (1981).

. J. F. Hall, R. S. Frisk, K. E. Marugg, A. S. O’

Neill, “Investigation of Causes and Corrective
Actions for Pitting in Steam Generator
Tubes : Prototypic Tests”, EPRI NP-5248, Palo

Alto, CA, EPRI (1987).
S. Stellwag, W. Beyer, N. Wieling, Proc. 2nd
Int. Symp. Environmental Degradation of Mate-
rials in Nuclear Power System-Water Reactors,
La Grange Park, IL, ANS, p. 947 (1986).

J. F. Sykes, A. K. Agrawal,

Tubing . Causes

“Pitting in Steam

Generator and Corrective

Actions”, EPRI NP-5207, Final Report, Palo



Alloy 6008] mAl7Zst 24 A A7 A 1L g4

ARl 7] DA YoM wA Tz H¥ 51

12.

13.

14.

15.

16.

17.

18.

19.

20

Alto, CA : EPRI (1987).

7. Szklarska-Smialowska, J. R. Park, D. Grimes,
“Causes of and Corrective Actions for Pitting in
Steam Generator Tubing”, EPRI NP-5037, Palo
Alto, CA, EPRI (1987).

I. F. Sykes and M. J. Angwin, W. E. Berry, “Pit-
ting Corrosion of Alloy 600 Steam Generator
Tubing : Results of a Laboratory Scoping
Study”, EPRI NP-3905, Palo Alto, CA, EPRI
(1985).

P. J. King and D. P. Dautovich, Nuclear Tech-
nology, Vol. 55, p. 196 (1981).

Inco Alloys International, Inc., “Inconel Alloy
600", Huntington, WV (1985).

M. Mehler, J. F. Stubbins, and J. J. Krupowicz,
Proc. 2nd Int. Symp. Environmental Degrada-
tion of Materials in Nuclear Power System-
Water Reactors, La Grange Park, I, ANS, p.
601 (1986).

P. G. Caceres, B. Ralph, G. C. Allen and R. K.
Wild, Philosophical Magazine A, Vol. 59, p. 1119
(1989).

D. H. Hur, K. M. Kim, J. 8. Kim, Y. S. Park, J.
Corro. Sci. Soc. of Korea Vol. 27, p. 32 (1998).
7. Szklarska-Smialowska, R. Xia, R. B. Rebek,
and P. Skulte, Corrosion, Vol. 50, p. 279 (1994).
. J. Congleton, T. Shoji, R.N. Parkins, Corro. Sci.,

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

31.

32.

Vol. 25, p. 633 (1985).

H. Choi, F. H. Beck, Z. Szklarska-Smialowska,
and D. D. Macdonald, Corrosion, Vol. 38, Nc. 3,
p. 136 (1982).

P. Hurst, D. A. Appleton, P. Banks and A. S.
Raffel, Corro. Sci., Vol. 25, p. 651 (1985).

D. D. Macdonald, A. C. Scott, P. Wrentrcek, J.
Electrochem. Soc., Vol. 126, p. 908 (1979).
C.B. In, Y. L. Kim, W. W. Kim, J. S. Kim, §. S.
Chun, W. J. Lee, J. Nucl. Materials, Vol. 224, p.
71 (1995).

P. Marcus and H. Talah, Corro. Sci., Vol. 2¢%, p.
455 (1989).

J. E. Castle and R. Ke, Corro. Sci., Vol. 3C, p.
409 (1990).

J. S. Armijo, Corrosion, Vol. 28, p. 24 (1968).
D. A. Vermilyea, C. S. Tedmon, Jr., and D.E.
Broecker, Corrosion, Vol. 31, p. 222 (1975).

G. S. Eklund, J. Electrochem. Soc., Vol. 121, p.
467 (1974).

S. C. Srivastava and M. B. Ives, Corrosion, Vol.
43, p. 687 (1987).

D. H. Hur, J. S. Kim, Y. S. Park, submitted to J.
Corro. Sci. Soc. of Korea.

D. H. Hur, J. S. Kim, Y. S. Park, J. Corro. Seci.
Soc. of Korea, Vol. 26, p. 486 (1997).



