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Evaluation of plasma driven permeation of hydrogen isotopes in simulating neutron
irradiation tungsten
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Abstract

Hydrogen(H) and deuterium(D) permeation fluxes for tungsten(W) by H-D mixed plasma were studied to clarify the
hydrogen isotope effect on permeation by newly designed plasma driven permeation (PDP) device at Shizuoka University.
H and D gases with 50:50 ratios were introduced to produce H and D mixed plasma. The atomic ratio and permeation flux
in the plasma were measured during the experiments. In this study, isotope effects on hydrogen permeation behavior were
evaluated by exposing to a mixed plasma of hydrogen and deuterium for iron ion damaged tungsten sample and neutron
damaged tungsten sample. In terms of the hydrogen isotope ratio of the steady-state flux, the H/D ratio of the permeation
flux was approached to almost the unity at higher temperatures above 900 K for the undamaged and iron ion damaged
samples, but it is not reached to the unity for the neutron damaged sample, indicating that the existence of irradiation
damages may contribute on hydrogen isotope effect on permeation.
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Fig. 1 Hand D permeation flux as a function of temperature.

(Left : H permeation, Right : D permeation flux)
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Fig. 2 The ratio of H and D permeation fluxes as a function

of temperature.
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Table 1 Hydrogen isotope retention of various samples.
Fe* Neutron
Unda\gvnaged irradiated irradiated
W W
H»
retention | 2.04x10% | 850x10%¥ | 1.60 %X 10Y
(m?)
D,
retention | 220X 10% | 1.60x10Y | 2.12%10Y
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Fig. 3 Hydrogen isotope behavior of undamaged W.
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Fig. 4 Hydrogen isotope behavior of Fe** damaged W.
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Fig. 5 Hydrogen isotope behavior of neutron damaged W.
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