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Internal stress during high-temperature creep and

activation energy for creep of Hastelloy XR
Yuii KURATA and Yutaka OGAWA

Department of Fuels and Materials Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Tbaraki-ken

(Received June 21, 1988)

Creep tests and measurements of internal stress during creep and
activation energy for creep were performed at 900°C for Hastelloy XR and
XR-1I developed as heat resistant alloys for high temperature gas cooled
reactors. C(reep rupture time and steady-state creep rate were influenced
by the parameters of boron content, grain size and heat treatment temper-
ature of the alloys. Although the internal stress during creep was also
dependent on these parameters, the activation energy for creep was
independent on them. It is shown that dependence of the steady-state
creep rate on the parameters corresponds to the change in the internal
stress. The fact shows the concept of the internal stress is effective to

describe steady-state creep behavior of the alloys.
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Table 1 Chemical composition of specimens (wt%),

C M Si C W M Fe NI Co B P s
H?éﬁeflE{)XR 0.06 0.84 0.3 21.7 0.48 9.0 18.2 Bal. 0.05 0.0002 0.005 0.005
H?é;eflgg)XR_II 0.07 0.86 ©.32 21.98 0.51 8.83 17.7 Bal. ©.05 0.005 0.005 0.001

Table 2 Heat treatment and grain size of specimens .

Heat treatment Grain size(um)
G 1220°C,1h W.Q. 240
Hastelloy | H1 1190°C,1h W.Q. 141
XR | I 1150°C, th W.Q. 52
K1 [ 1220°C,1h W.Q. + 1150°C,th W.Q. 234
G2 1220°C,1h wW.Q. 251
Hastelloy | H2 1190°C, th W.Q. 136
XR~I1 | 12 1150°C, Th W.Q. 54
K2 | 1220°C,th W.Q. + 1150°C,1h W.Q. 262
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Fig. 1 Effect of heat treatment temperature on soluble boron content of

Hastelloy XR—1II.

Stress

Strain

Time

Fig. 2 Schematic diagram of changes in stress and strain during

creep and strain—transient dip test.
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Fig. 4 Effects of boron contet, grain diameter and solution

treatment temperature on the steady—state creep rate.
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Fig . 5 [Influence of boron content, grain diameter and solution
treatment temperature on the apparent activation energy

tfor creep .
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Fig. 7 Effects of boron content, grain diameter and solution

treatment temperature on the internal stress .
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