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Corrosion of Nickel-base Heat Resistant Alloys in Simulated VHTR
Coolant Helium at very High Temperatures

Masami SHINDO and 7Zatsue KOnNDO

Synopsis:

A comparative evaluation was made on three commercial nickel-base heat resistant alloys exposed to
helium-base atmosphere at 1 000°C, which contained several impurities in simulating the helium cooled
very high temperature nuclear reactor (VHTR) environment. The choice of alloys was made so that the
effect of elements commonly found in commercial alloys were typically examined. The corrosion in
helium at 1 000°C was characterized by the sharp selection of thermodynamically unstable elements in the
oxidizing process and the resultant intergramilar penetration and internal oxidation. Ni—-Cr-Mo-W
type solution hardened alloy such as Hastelloy-X showed comparatively good resistance. The alloy con—
taining Al and Ti such as Inconel-617 suffered adverse effect in contrast to its good resistance to air oxidation.
The alloy nominally composed only of noble elements, Ni, Fe and Mo, such as Hastelloy-B showed least ap—
parent corrosion, while suffered internal oxidation due to small amount of active impurities commonly
existing in commercial heats. The results were discussed in terms of selection and improvement of alloys

for uses in VHTR and the similar systems.
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* K AMS 5536G (Sheet and Strip) AMS5587B (Alloy Tubing
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Table 1. Composition of specimen materials (wt %).

El'emenlt» | G Si Mn P S Ni Cr Fe Co Mo Al Ti w V | Cu

Hastelloy-X | 0.06 | 0.4%3; 0.60] 0.007] 0.005 Bal. | 21.55| 17.76/ 1.01| 8.92 0.418 0.025] 0.45

Inconel-617 | 0.067 0.125<0.02v 0.001 0.003!‘ Bal. | 21.85 13.13; S.05 1.02 | 0.38 0.38

Hastelloy-B | 0.015} 0.41] 0.72 —<0.005; Bal. 0.32| 5.71| 0.46] 26.52 0.23 0.35
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Table 2. Analysis of simulated VHTR helium used for testing environment (g atm).

[
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Mixture B 204-232 J 106-120 ! 1.8-2.1 5.7-6.5 dl 8.5-9.5 ! 14-18 60-70
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Fig. 1. Flow sheet of corrosion testing apparatus.
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Fig. 3. Corrosion of Hastelloy-X and Inconel-617
in Type B helium-base mixture (65p atm
H,0).
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Photo. 1. Surface topography of Hastelloy-X and Inconel-617 exposed to type B helium-
base mixture (9u atm H,O) at 1000°C.
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Fig. 6. Intergranular ponetration of Hastelloy-X
and Inconel-617 by local attack.
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Photo. 2. Characteristic X-ray images of intergranular attached are as of Hastelloy-X (a)
and Inconel-617 (b) in Type B helium-base mixture (65¢ atm H,O) at 1000°C

for 96 hr.
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Fig. 7. Corrosion of Hastelloy-X and Hastelloy-B
in Type B helium-base mixture.
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Photo. 3. Surface topography of Hastelloy-B exposed

to Type B helium-base mixture (16 atm
H,O) at 1000°C for 400 hr,
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Fig. 9. Intergranular penetration of Hastelloy-X
and Hastelloy-B by local attack.
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Photo. 4. Characteristic X-ray images of intergranularly attacked areas of Hastelloy-B in
Type B helium-base mixture (16 atm H,0O) at 1000°C for 400 hr,
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Fig. 10. Corrosion of Hastelloy-X and Inconel-617
in air and Type B helium-base mixture
(65 atm H,O).
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Fig. 11. Effect of temperature on corrosion rate of
Hastelloy-X in air and Type B helium-
base mixture (654 atm H,0).
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Photo. 5. Transmission electron micrography of the
filamentary corrosion products fromed on
Haste]loy—.X exposed to Type B helium-
base mixture (16g¢ atm H,O) at 1000°C
for 96 hr.
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