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Ductility Loss of Neutron-Irradiated Hastelloy-X at Elevated Temperatures
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Ductility loss of neutron-irradiated Hastelloy-X at elevated temperatures

was examined by post-irradiation slow tensile test. The resuits were
-ana]yzed as functions of test temperature, strain rate, thermal neutron
fluence and the associated helium generation due to nuclear transmutation.

In addition to the '98(n,a)7Li reaction, the contribution of helium
generation due to the two-step reaction *°®Ni(n,y)®°Ni{(n,a}°°Fe at higher
fluences was considered. Irradiations were made mostly at 60°C, followed
by high-temperature tensile tests; the effects of irradiation temperature
were examined separately.

The post-irradiation ductility generally decreased with temperature
increase up to 1000°C. Extrapolations of the results of irradiation at 60°C
gave the apparent fracture ductility values of 3.5% at 900°C and 1.5%
at 1000°C. Threshold thermal neutron fluences for the ductility loss
were also predicted as 6x10%¢ and 2x10'°n/cm? at 900°C and 1000°C, respectively.

DuctiTity loss was increased when the irradiation was made at temperatures
equivalent to the tensile test conditions. The results are disccused
in connection with the application of Hastelloy-X for control rod sheath
material in high temperature gas-cooled reactor.

Key words : Hastelloy-X, Helium Generation, Helium Embrittliement,
Nuclear Transmutation, Ductility Loss,
Threshold Thermal Neutron Fiuence, Neutron Irradiation,

High Temperature
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Table 1
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Chemical composition of specimens

Chemical Cémpositions of Specimens {(w/o), B:ppm
CJMnESi Pl s |cricolm; w!Feial|Ti Ni[N B
Hastelloy -X |0.06]0.60|0.43 o.ooﬁ 0.005|21.49|0.958|8.82| 0.53(18.03| 0.41|0.03|Ba. | — ]38
Hastelloy —LB* o_oa;o.ssio.oa <o.oos§<ooos 21,98 |0.05 78.81 0.54 |18.35 <0.02/0.02 | Bel. ‘o,oos 11

* An experimental heat of Hastelloy-X with low boron content

Table 2 Irradiation condition of specimens
IRRADIATION CONDITION
T o
R | ion HSE e TEPPERATIRE (O
JKTR L-13 2.7 107 <300
JNTR L-13 2,210 < 300
JRR-2 V-9 2.4 % 109 £0
JRR-2 VT-1. 4,3 %[00 £0
JMTR K-11 2.0x 107 50
JRR-2 V-1 2.7 =10"7 300
JRR-2 vi-1 6.0x10'° 820,940
TR K-11 2.0x 107 1000
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Fig. 3 Total elongation versus strain rate for irradiated Hastelloy-X
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Fig. 4 Ultimate tensile strength versus strain rate for irradiated

Hastelloy-X
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Fig. 5 Effects of thermal neutron dose on total elongation in irradiated

Hastelloy-X
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Fig. 6 Total elongation versus thermal neutron dose for irradiated

Hastelloy-X at different temperatures
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rig. 7 Effects of thermal neutron dose on total elongation in irradiated
Hastelloy-X and Hastelloy-XR
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Fig. 8 Relation between helium atom fraction and thermal neutron dose in
irradiated Hastelloy-X and Hastelloy-XR
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Fig. 9 Effects of helium produced by the transmutation reaction on the

reduction in ductility of Hastelloy-X
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fig. 10 Comparison of concentration in helium produced by the transmutation

reaction in Hastelloy-X and Hastelloy-XR
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Fig. 11 Effects of helium produced by the transmutation reaction on the reduction
in ductility of Hastelloy-X and type 304 stainless steel



