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Stress Corrosion Cracking of Ni Base Alloys in 10% NaOH Solution Containing Pb
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Stress corrosion cracking(SCC) tests were carried out for Alloy 600 MA, 600
TT and 690 TT to evaluate an effect of Pb on the crack susceptibility and mor-
phology in 10% NaOH solution at 340°C. Microstructures of the alloys were ana-
lyzed by optical and scanning electron microscopes. The elements on a crack sur-
face and in an oxide film were analyzed by WDX. The carbon(0.01%) of the
Alloy 600 is fully dissolved into the matrix after annealing at 960°C for 10 min-
utes. Alloy 600 MA was the most susceptible to SCC in 10% NaOH solution con-
taining PbO. Alloy 690 TT was the most resistant to SCC from the view point of
a number of cracks, however, less resistant than Alloy 600 TT for the crack prop-
agation rate of the maximum crack. The crack of Alloy 600 MA propagated
intergranularly, but that of Alloy 600 TT and 690 TT propagated transgranularly
in the solution of 10% NaOH with 5000ppm Pb. It was found that the Cr compo-
sition of an Alloy 600 TT was enriched in the outer film, whereas the Ni was de-
pleted in the outer layer.
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Table 1. Mechanical properties and chemical composition of the specimens
Material | Heat No UTS | YS | EL Thermal Chemical composition(wt%) h
a . N A " —
! (MPa)(MPs)| (%) Treatment C|S[Ma] P| S [Cr|Ni[Co|Mo| Ti|Cu AI[Fe| B]N_
6007 o .
1.600MA 90600 | 648 | 289 | 46 | MA" at960°C 10min [ 0.01} 0.1 0.3 <0.001) 15.4| 5.1 - | — |0.17] 0.20.22 80| —
Mitsubishi
. 750602 Annealed at 970C-TTY -
2.600TT Sanduik 693 303 | 43 ot 7157 120 0.016 0.32] 0.84/0.004 0.003 |16.49 72.3/0.014 - 0.32‘0.01 0.22]9.36{ —
753175 Annealed at 1080C 1mi
.6 . 9 . .36] 0.3110. .001 .0(59.6] — 10.0130. 0110, .2610. a0
3.690TT Sandvik 722 | 334 i T at 725¢, 10he 0.02/0.36] 0.31:0.014 © 30.0 0.0130.33/0.01/0.023 9.26 OOOIJO i‘l

D MA : Mill annealed.
2 TT : Thermally treated.
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Fig. 3. Schematic of the SCC(C-ring) test vessel.
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Fig. 4. Microstructure of the Alloy 600 MA, 600 TT, 690 TT (a) Alloy 600 MA (Phosphoric acid etching),
(b) Alloy 600 MA(Nital etching), (c) Alloy 600 TT (Phosphoric acid etching), (d) Alloy 680 TT(Phosphoric
acid etching).
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containing 100ppm Pb at 200¢C.
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Table 3. SCC test Result

Average crack
Test] Potential, . . propagation rate,
No|mV,vsi| “aterial | Cracking [y Maximum
crack)
Alloy 600MA
1 123 Alloy 600TT| Mo -
Alloy 690TT
+94
2l s ' No B
600MA  IGA+IGSCC 0.3(1.45)
+95 600TT No -
3 690TT No -
600MA IGSCC 0.46(2.1)
+125 600TT IGSCC 0.19(0.21)
690TT No -
600MA IGSCC 0.8(2.3)
4 +95 600TT TGSCC 0.12(0.19)
690TT TGSCC 0.1(1.5)

— IGA : Intergranular Attack.

— IGSCC : Intergranular Stress Corrosion Crack-
ing.

— TGSCC : Transgranular Stress
Cracking.
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Fig. 6. Optical micrographs showing the cross sec-
tion of Alloy 600MA, 600TT, 6907TT tested for 480
hrs under the +95mV vs. Ni in 10% NaOH+
100ppm Pb. (a) Alloy 600MA, (b) Alloy 600TT,
(c) Alloy 690TT.
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Fig. 7. Optical micrographs showing the cross sec- Fig. 8. Optical micrographs showing the cross sec-
tion of Alloy 600MA, 600TT, 690TT tested for 480 tion of Alloy 600MA, 800TT, 690TT tested for 480
hrs under the +125mV vs. Ni in 10% NaOH+ hrs under the +95mV vs. Ni in 10% NaOH-+
100ppm Pb. (a) Alloy 800MA. (b) Alloy 6007TT, 5000ppm Pb. (a) Alloy B00MA, (b) Alloy 600TT,

(c) Alloy 690TT. (c) Alloy 690TT.
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(b)
Fig. 9. SEM micrographs showing the typical
cracking modes. {a) Intergranular cracking in Alloy
B800MA in test 3, (b) Transgranular cracking Alloy
690TT in test 4.
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Fig. 10. Comparison of the stress corrosion crack-
ing resistance(Pb=100ppm, +95mV, vs. Ni) A)
No. of cracks{>100um) within the limited dis-
tance, B) Propagation rate of the maximum
crack, C) Propagation rate of the average cracks
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Fig. 11. Comparison of the stress corrosion crack-
ing resistance(Pb=100ppm, +125mV, vs. Ni) A)
No. of cracks(>100um) within the limited dis-
tance, B) Propagation rate of the maximum
crack, C) Propagation rate of the average cracks.
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Fig. 12. Comparison of the stress corrosion crack-
ing resistance(Pb=5000ppm, +95mV, vs. Ni) A)
No. of cracks(>100um) within the limited dis-
tance, B) Propagation rate of the maximum
crack, C) Propagation rate of the average cracks.
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Fig. 13. SEM micrograph showing the breakdown
of the passive fiim related to the initiation of the
crack.(Alloy 800MA in test 3).
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Fig. 15. (a) Oxide film formed on the Alloy 690TT
immersed in 10% NaOH+5000ppm Pb at 340°C
for 480 hrs., (b) Element profile at the oxide film
of 600TT.
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on the crack mouth(Point 3 in Fig. 16-a).



Pbrt @8 10% NaOH 54 &o|A Ni-7] @39 ¥4 ad 381

Bolg 4= 9lon o]ZRE PhAR FdAF
& =888 2 4 U
4. & 2

1. 340C9] 10% NaOH& 4o A 240417 3
A& Alloy 600 MA, 600 TT, 690 TT #Am=
150%¢ €¥& 7sivdas g RAFdo] A
714 @ert.

2. Alloy 600 MA: %
AollMe dAIZZE B AdAZF RN Fdo] A
71 FFHE Helzk delus AYddAE
SCCrt &= #A s}

3. 10% NaOH+PbOeo] fdz7or ggn
Alloy 600 MA, 600 TT, 690

387 dolue

A7 APy e
TT&#o 2 A
4. 5000ppm&] PbE %713t 10% NaOHL Y
2o A Alloy 600 MA¥E JATFEL RolYy
Alloy 600 TT, 690 TT= ?M&%% Bt}

5. Alloy 690 TTe] 3¢ #% AL ofel
U 9w 47 7F9e Am= Alloy 600 TTH o
w2},

6. Phe] &2 3] Alloy 600 TT} 690 TT
g ste E4o] M@ thEA Jeusg),

2 ZF5F Nie]

[€)]
"
ki
Mo
r

1. A. K. Agrawal, J. P. N. Paine, Proceedings
of 4th Int’l Symposium on Environmental
Degradation of Materials in Nuclear Power
Systems-Water Reactors-Aug. 6-10, 1989.
Jekyll Island, Georgia, p. 7-1, NACE, Hous-
ton, USA (1990).

2. B. P. Miglin, J. M Sarver, Proceedings of
5th Int’l Symposium on Environmental Deg-

radation of Materials in Nuclear Power

10.

11.

12.

13.

System-Water Reactors-Aug. 25-29, 1991,
Monterey, California, p. 757, ANS, La
Grange park, USA (1992).

. T. Sakai, T. Senjuh, K. Aoki, T. Shigemitsu,

Y. Kishi, Proceedings of 5th Int’l Symposi-
um on Environmental Degradation of Mate-
rials in Nuclear Power System-Water Reac-
tors-Aug. 25-29, 1991, Monterey, Calijor-
nia, p. 764, ANS, La Grange park, USA
(1992).

. A. Rocher, F. Cattant, D. Buisine, B. Prieux,

M. Helie, Contribution of Materials Investi-
gation to the Resolution of problems En-
countered in PWRs, Fontevraud III, Sept.
12-16, 1994, p. 537, SFEN, France (1994).

. F. Vaillant, Proceedings of 7th Int’l Sympo-

sium on Environmental Degradation of Ma-
terials in Nuclear Power Systems-Water Re-
actors-Aug. 7-10, 1995, Breckenridge, Colo-
rado, p. 219, NACE, Houston, USA (1995).

. J.M.Sarver, J.R. Crum, W.L. Mankins, cor-

rosion, 44(5), 288 (1989).

. K. H. Lee, G.Cragnolino, D. D. Macdonzld,

corrosion, 41(9), 540 (1985).

. Inco. internal Report PR 358.3.

G. P. Airey, Corrosion, 35(3), 129 (1979).
S. M. Bruemmer, Corrosion, 44(11), 782

(1988).
T. Sakai, S. Okabayashi, K. Aoki, K.
Matsumoto, Y. Kishi, CORROSION/90,
paper No. 520, NACE, Houston, USA
(1990).

M. Garcia, A. M. Lancha, C. Maffiotte, Con-
tribution of Materials Investigation to the
Resolution of Problems Encountered in
PWRs, Fontevraud III, Sept. 12-16, p. 571
(1994).

D. Feron, 1. Lambert, Proceedings of 1Zth



382 SR A2578 A3zA 1996, 9

Int'l conference on properties of water and (5), 805 (1992).
steam-Sept. 12-15, Orlando, FL, USA 15. S. S. Hwang, Uh Chul Kim, Yong Soo Park,
(1994). submitted to J. of Nuclear Materials.

14. P. Marcus, J.M.Grimal, corrosion science, 33



