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Neutron Irradiation-Induced Embrittlement in Hastelloy-X
at Elevated Temperatures

Katsutoshi WATANABE, Yutaka Ocawa, and Tatsuo KXonDO

Synopsis :

Ductility loss of neutron-irradiated Hastelloy-X at elevated temperatures has been examined by post
irradiation tensile test. The results were analysed as a function of test temperature, strain rate,
thermal neutron fluence and the associated helium content. - The contribution of helium production
due to the 58Ni(n, y)%Ni(n, «)5¢Fe reaction in addition to the 1*B(n, a)7Li reaction was considered.

The results obtained are summarized as follows :

(1) The post irradiation ductility decreased with strain rate decrease and test temperature increase
up to 1000°C.

(2) As for the helium embrittlement attributed to (n, @)-reaction, the 1B(n, a)?Li reaction was
dominant at lower fluences, and Ni-two step reaction became predominant with fluence increase.

(8) Extrapolations of the results of irradition at low temperature gave the ductility valyes of about
3.5% at 900°C and about 1.5% at 1000°C for the thermal neutron fluence of 1022n/cm?.

(4) The threshold thermal neutron fluences for embrittlement were estimated as 6x 1016n/cm? at
900°C and 2x 10t6n/cm? at 1000°C, corresponding to the calculated atomic helium fractions of 9.4x

10-10 and 3.2x 10-19, respectively,
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Table 1. Chemical composition of specimens.

Chemical Compositions of Specimens (w/0), B;ppm

C|MnSi|P | S |Cr

ColMo| W |Fe | ALITiINi| N | B

Hastelloy-X [0.06 0.60(0.43|0.007|0.005(2149

0.98/8.820.53/18.03/0.410.03|Bal.[0.027| 3.8

%*|
Hastelloy-LB0.08|0.65/0.03{0.005(0.005/21.98

0.05(8.81|0.54(18.35¢0.02|0.02|Bal.0.005| 1 . 1

* An experimental heat of Hastelloy-X with low boron content
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Fig. 1. Geometry of specimen.
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Table 2. Irradiation condition of specimens.

Irradiation Condition

Reactor |[ERARIION [ Merson [reweenarure ol
JMTR L-13 2.7x10" <300

JMTR L-13 2.2x10"® < 300

JRR-2 vT-9 2.4x 10 60

JRR-2 VT-1 4.3x10%° 60

JMTR K-11 2.0x10% 50

JRR-2 VT-1 2.7x10" 200
JRR-2 VT-1 6.0x10" 820,940
JMTR K-11 2.0x10°" 1000
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BRPILTCEZ@EEOF +« 7w BHEY L HHLT
5., FhLhOFEIKRO X 5 CEH IS,

(1) BHfE* + 7= BEHE
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Photo. 1. High temperature irradiation capsule.
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Fig. 2. Total elongation versus test temperature
for unirradiated and irradiated Hastelloy-X.
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Fig. 3. Ultimate tensile strength versus test temperature
for unirradiated and irradiated Hastelloy-X,
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Photo. 2. Microstructures of irradiated Hastelloy-X after tensile testing.
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Fig. 4. Total elongation versus strain rate for
unirradiated and irradiated Hastelloy-X.
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Fig. 5. Ultimate tensile strength versus strain rate
for unirradiated and irradiated Hastelloy-X.
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Fig. 6. Effect of thermal neutron dose on the total
elongation of Hastelloy-X at test temperature of 900
and 1000°C.
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Fig. 7. Total elongation versus thermal neutron dose
for Hastelloy-X at different irradiation temperatures.
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Fig. 8. Effect of thermal neutron dose on the total
elongation of Hastelloy-X and Hastelloy-LB.
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Fig. 9. Helium production in Hastelloy-X and
Hastelloy-LB resulting from transmutation reactions.
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Fig. 10. Effect of calculated helium concentration
on the total elongation of Hastelloy-X.
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Fig. 11. Comparison of concentration in helium pro-
duced by the transmutation reactions in Hastelloy-X
and Hastelloy-LB.
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