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Corrosion Behaviour of Inconel 617 in a Simulated HTGR Helium
Yoshikazu SAKAIL, Tatsuhiko TANABE, Tadashi SUZUKI, and Heitaro YOSHIDA

Synopsis :

Corrosion tests of Inconel 617 were carried out in a temperature range from 900°C to 1040°C in
helium environment with small amounts of impurity gases, which was the simulated primary coolant of
High Temperature Gas cooled Reactor(HTGR), and the carburization, decarburization, and oxidation
were investigated in terms of temperature.

(1) The alloy was carburized in the temperature range from 900°C to 970°C, but was decarburized
above 990°C. The transition temperature from carburization to decarburization was estimated to be
975°C. In the temperature range, where carburization occurred, the largest carbon pickup was observed
at 940°C, however, in the temperature range of decarburization, the degree of decarburization increased
with the increase of temperature.

(2) In the temperature range of carburization, the carburized layer was observed at near-surface
region, and Cr-Mo carbides precipitated along the grain boundaries and twin boundaries. In the
temperature range of decarburization, the carbides along the grain boundaries disappeared, and this led
to the formation of altered layer, the depth of the layer reaching to about 2000y after 500h corrosion
at 1040°C.

(3) In contrast to the results that the oxide films formed at high temperature in air were dense and
protective, the films formed in the helium environment were very porous and less protective. Further,
the chromium content in the oxide films along the grain boundaries beneath the surface decreased with

the increase of test temperature.
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This could lead to make the films much less protective.
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Table 1. Chemical composition of Inconel 617.

(Wt %)

C Cr Mo Al Ti Fe Co S Mn Ni

0.069 20.31 8.64 0.72 0.57 1.02 11.71 0.003 0.05 Bal

Table 2. Impurity levels of He-2.
(ppm)
H,O H, CO, CO CH, Ny O
Nominal 3 300 1 100 4 5 N.D.
Inlet 3 260-320 0-1 110-120 4-5.6 5 N.D.
Analytical

Outlet 3-1 300-360 0-3 105-120 0-2 5 N.D.

N.D. : Not detected
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1: Compressor 2: Surge tank 3 : CuO bed and molecular
shieves 4 ; Molecular shieves cooled with lig. Ny  5: He
cylinder 6 : Automatic gas supplier 7 : Mixed He cylinder
(He+10% CO+0.1% CO;) 8: Automatic gas supplier 9:
Mixed He cylinder (He+30%H;+0.4%CH,) 10 : Humidi-
fier 11: Gas chromatograph 12 : Hygrometer 13 : Header
14 : Creep rupture test facilities single type 18 units 15: Cr-
eep rupture test facilities multi type 2 units 16 : Corrosion
test facility 17 : Mass flow controller 18 : Pressure controller

Fig. 1. Schematic diagram of He-loop.
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Fig. 3. Temperature dependence of carbon con-
centration of Inconel 617 corroded in He-2.
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Fig. 4. Temperature dependence of the depth of
200” altered layer in Inconel 617 corroded for 500h in

Carburized He-2
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Photo. 1. Microstructures of cross-sections of Fig. 5. X-ray diffraction pattern of corroded sur-
Inconel 617 corroded for 500h in He-2. face of Inconel 617 after 500h exposure to He-2.
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(a) and (b) at 900°C,

(c) and (d) at 1000°C

Photo. 2. Surface morphologies of the corroded Inconel 617 after 500h exposure to He-2.
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(a) anb (b) at 1000°C
Photo. 3. Surface morphology of the corroded Inconel 617 after 500h exposure to air.
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Photo. 4. Characteristic X-ray images of the surface oxides formed on Inconel 617

corroded for 500h in He-2 at 990°C.
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t 940°C (c) at 970°C
(d) at 990°C (e) at 1000°C

Photo. 5. Microstructures of as-polished cross-
section of Inconel 617 corroded for 500h in

He-2.
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Fig. 6. Temperature dependence of the depth of
chromium depletion and internal oxidation of
Inconel 617 after 500h exposure to He-2.
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Fig. 7. Temperature dependence of the ratio of
chromium content to the sum of chromium, man-
ganese and titanium contents in the surface oxide
layer.
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