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Pit Initiation and Growth Behavior of Alloy 600 in Chloride Solutions
at Temperature Range of 90~280°C

Do Haeng Hur*, Joung Soo Kim* and Yong Soo Park**
*Korea Atomic Energy Research Institute, P.0. Box 105, Yusong, Taejon 305-600, Korea

**Department of Metallurgical Engineering, Yonsei University, Seoul 120-749, Korea

Pit initiation and growth behavior of Alloy 600 have been evaluated in chloride
solutions at temperature range of 90~280°C by use of anodic polarization and im-
mersion testing technique. The pit initiation resistance significantly decreased to
175C with increasing temperature in terms of the pitting potential and pit densi-
ty, whereas it showed slower decrease at higher temperature. The growth rate of
stable pits, however, decreased with increasing temperature in chloride solutions
containing cupric ion. The film formed in chloride solution at 90°C consisted of
chromium oxyhydroxide having an amorphous structure, whereas a crystalline film
of mixed chromium and nickel oxyhydroxides was formed at 280°C. The higher
resistance to initiation at 90°C, therefore, could be due to the protective film of
the amorphous chromium oxyhydroxde, and thus to low probability for pits to
form. In this case, the pitted area is very small compared with the pit free area
leading to increase in the growth rate. The pit initiation would, however, be facil-
itated at 280°C because of the formation of the defective crystalline film having
nonprotective nickel oxyhydroxde, which in turn significantly increases anodic
area. Consequently, the growth rate decreases by successive film breakdown around
pit mouth and hindering effect of corrosion product on ion diffusion.

Keywords : Alloy 600, pit initiation, pit growth, oxide film, amorphous, crystalline, film
breakdown.
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Fig. 1. Potentiodynamic anodic polarization curves
of Alloy 600 in deaerated 10,000 ppm CI™ sclution
at temperature range of 90~280°C.
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Fig. 2. Effect of temperature on the pitting poten-
tial of Alloy 600 in deaerated 10,000 ppm CI™ solu-
tion.
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Fig. 3. Pitting susceptibility diagram of Alloy 600
as a function of solutions and temperature after
immersion test for 2 weeks.
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Fig. 4. Effect of temperature on pit density of Alloy
600 after immersion test in aerated 10,000 ppm CI™
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Fig. 5. Effect of temperature on average depth of
10 deepest pits of Alloy 600 after immersion test

in aerated 10,000 ppm Cl~ solution + 500 ppm
Cu?* solution for 3 weeks.
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Fig. 6. Effect of temperature on aspect ratio of
the pits in Alloy 600 after immersion test in aerat-
ed 10,000 ppm Ci~ solution+500 ppm Cu?* solu-
tion for 3 weeks.
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000 ppm CI~ solution+500 ppm Cu?* solution at
90~280°C.
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(e)

(f)

Fig. 8. Pit morphologies of Alloy 600 after immersion test in aerated 10,000 ppm CI~ solution + 500 ppm
Cu?* solution ; (a, b) 90°C, (c, d) 175°C, (e, f) 280°C. (b), (d) and (f) show the morphology after cleaning

the corrosion product.
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Fig. 9. X-ray dot mapping by WDS in corrosion product of the pit shown in Fig. 8(e) ; (a)} Cr, {b) Ni, (¢)
Fe, (d) S.
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Fig. 10. XPS spectra from the films formed on Alloy 600 after immersion in deaerated 10,000 ppm chloride
solution for 24 hours at (a) 90°C. (b) 175°C, (c) 280°C. The peak numbers correspond to ; O 1s: 1. 0%, 2,
1. NiO, 2. Ni(OH),, 3. NiCl,.
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Fig. 11. Bright images and the corresponding transmission electron diffraction patterns of the films formed
on Alloy 600 after immersion in deaerated 10,000 ppm CI~ solution for 24 hours at 90°C (a, b), and 280°C

{c, d).
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