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Effect of Decarburizing Helium Environment on Creep Behavior of Ni-base

Heat-resistant Alloys for High-temperature Gas-cooled Reactors

Yuji KURATA, Yutaka OGAWA and Hajime NAKAJIMA

Synopsis :

Creep tests of Ni-base heat resistant alloys (Hastelloy XR and XR-1I ) were conducted at 950°C in four
kinds of helium environments with different impurity compositions in order to examine the effect of decar-

burizing environment.

Both alloys were decarburized in a helium environment with low partial pressure of oxygen and carbon
activity. The decarburization induced degradation of creep properties such as lower creep rupture

strength, higher creep rate and earlier start of accelerating creep.

Whether the decarburization of the

Hastelloy XR and XR- I might occur or not in the primary helium coolant of high temperature gas-cooled
reactor (HTGR) could be predicted by using a corrosion map of a stability diagram for chromium.
Controlling impurities to maintain higher partial pressure of oxygen and carbon activity in primary helium
coolant of HTGR is proposed in order to prevent degradation of creep properties of the materials caused by

decarburization.

Key words : decarburization ; helium environment ; creep rupture strength ; creep rate ; Hastelloy XR ;
stability diagram ; partial pressure of oxygen ; carbon activity.
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Table 1. Chemical composition of specimens (‘wt% ).

C Mn Si P S

Cr

Co Mo, W Fe Al Ti B Ni

Hastelloy XR 0.07 0.83 0.33 <0.005

Hastelloy XR- I 0.07 0.87 0.27

<0.005 21.94
<0.005 0.001  21.96

<0.05 9.10 0.48 18.11 <0.05
0.12 ,9i24 0.46 18.33  0.03

<0.05 0.00035 Bal.
<0.05 0.004 Bal.
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Table 2. Impurity composition in helium environ-
ments.
_ patm (Pa)
Ha co COy CH, H,0
He-1* | 200 (20) 100 (10) 2 (0 23 5 §0.5 1 (0.1
He-2 50 (5) 25 ( 2.5) 2 (0.2 5 (0.5 1 (0.1
He-3 500 (50 3(0.3 — 5 (0.5 1 (0.1
He-4 500 (50 3(0.3 — 5 (0.5) 0.05 (0.005)
* JAERI Type B helium
0 £3
He-4 950°C
L Gme ez
Pco* ! 3

(a,.=08) !
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I @ (Calculated value)
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Fig. 1. Carbon activity and oxygen partial pres-

sure of different helium environments in stability
diagram for chromium (ac,=0.8) at 950°C.
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Fig. 2. Comparison of creep rupture times in
different helium environments.
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Fig. 3. Comparison of creep-rupture ductility in
different helium environments.
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Fig. 4. Comparison of creep curves for Hastelloy XR
in different helium environments.
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Fig. 5. Comparison of creep curves for Hastelloy XR-
Il in different helium environments.
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Fig. 6. Relationship between weight gain and ex-
posure time in different helium environments.
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Fig. 7. Change in carbon- content for Hastelloy
XR and XR-1I exposed to different helium environ-
ments.
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rent helium environments.
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a) Hastelloy XR, He-1 b) Hastelloy XR, He-3
¢) Hastelloy XR-1I, He-1 d) Hastelloy XR- I, He-3

Photo. 1. Microstructures of Hastelloy XR and
XR-1I ruptured at 950°C under 26 MPa in He-1 and He-3.

a) Hastelloy XR, He-1 b) Hastelloy XR, He-3
c) Hastelloy XR-1I, He-1 d) Hastelloy XR- I, He-3

Photo. 2. SEM images of cross sections of Hastelloy XR and
XR-1I exposed to different helium environments at 950°C.
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