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Effects of various surface states on hydrogen isolope permeation through several metals
have been studied. The change in the surface impurity composition caused by not only ion
implantation but also thermal anneal of specimen was determined by means of in-situ Auger
electron spectroscopy (AES).

The rate of gas-driven permeation (GDF) of protium through vanadium was measured for
various compositions of surface segregated sulfur on vanadium. The obtained GDP rate de-
creased to nearly one-tenth when the surface sulfur concentration increased from zero to a
saturation value of about 38 at.9%S on V. The surface segregation of sulfur, however, hardly
affected the temperature dependence of hydrogen permeability of vanadium, A new atomistic
model was developed to explain the kinetics of hydrogen dissociative adsorption on metal and
the interfering interaction with that by the surface-segregated sulfur. The most dispersive
arrangement of sulfur on surface appeared to best explain the observed tendency for hydrogen
permeation rate to decrease with increase in surface sulfur concentration,

The rate of ion-driven permeation (IDP) of deuterium through Ni and 304 SS was also
measured. D¢ ions were implanted into specimens with the energy of 3 keV at the specimen
temperature of 773 K. The permeation rate was intimately correlated with the impurity compo-
sition on the upstream-side surface of specimen. In the case of Ni, sulfur was the main impurity
element appearing on the surface. The deuterium permeation rate through Ni remarkably
increased with increasing the sulfur concentration on surface. On the other hand, the surface of
304 S§ was covered mainly with phosphorus, nitrogen, oxygen and silicon, of which oxygen
showed the strongest effect on the IDP rate of deuterium; the permeation rate was larger when
the surface was richer in oxygen.

1t was concluded that not only sulfur on Ni but also oxygen on 304 SS have a role to inhibit
the molecular recombination of deuterium on up-side surface, thereby enhancing the permeation
rate of the implanied deuterium.

By applying a steady state permeation rate equation for the case of co-existence of molecular
and ion species of a hydrogen isotope to the present experimental results, it has been shown to be
able to evaluate the molecular recombination coefficient of hydrogen on Ni and V as a function
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of surface sulfur concentration. This recombination coefficient was found to increase with
decreasing the surface sulfur concentration for both metals, while its absolute value for Ni is
extremely higher than that of V. The apparent activation energy of the molecular recombination
coefficient of hydrogen on V was evaluated to be 0.97 eV irrespective whether sulfur existed on

the surface or not.

Thus, this study has made an important contribution to understanding the behavior of
hydrogen in metals, especially in relation to the plasma-wall interaction in nuclear fusion

reactors.
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Fig. 1. A schematic layout of the permeation
measuring apparatus incorporating an in-
situ AES analyzer.
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Fig. 2. Change of surface composition of vana-
dium at 873 K, as shown by Auger electron
spectra. (a) At sulfur saturation. (b) Just
after sputtering at 873 K. (c) 80 min after
the sputtering at 873 K.
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Fig. 3. Typical permeation curves of vanadi-
um at 673 K after a stepwise H; introduc-
tion. The change of S conceniration during
each permeation run is indicated in the
figure.
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Pig. 4. Maximum hydrogen permeation rate
vs. surface concentration of sulfur to show
comparison between experiments and the-
oretical prediction.
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Fig. 5. Temperature dependence of hydrogen
permeation rate of vanadium with and with-
out sulfur on the surface.
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Fig. 6. A schematic drawing of a permeation
spike due to ion implantation with its de-
scription,
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Fig. 8. History of specimen temperature in each series of IDP of 304 stainless steel. The sputter-cleaning
with argon ions in each series was performed at the point indicated by an arrow. The duration of the
sputter-cleaning is represented by £, and the total annealing time at 923 K by f.. Each permeation
measurement carried out at 773 K is shown by a circled number.
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the specimen at 773 K due to implantation
and thermal anneal in the cases of SERIES 1
(top) and III (bottom). In the figure, open
symbols denote the surface concentration of
respective impurity elements prior to the
implantation of dueterium ions, while solid
symbols denote those at the end of implanta-
tion.
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Fig. 11. Relationship of permeation rate to the surface concentration of impurity element (a) silicon, (b}
phosphorus, (¢) nitrogen and (d) oxygen.
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Fig. 13. A model of dissociative adsorption of
hydrogen on (100} plane of vanadium and
interference with it of surface segregated
sulfur.

(a) Locations of hydrogen adsorption sites
and two ways of dissociative hydrogen ad-
sorption. (b, ¢} Adsorption site pairs inter-
fered by a newly segregated surfur on spec-
imen surface to give Pu,, where the ranges
of Cs for (b} and (¢) are 0~p(2X2)8 struc-
ture and p(2X2)8~c(2X2)S structures, re-
spectively. (d) The most localized arrange-
ment of sulfur on surface to give Poax

»: vanadium atom, @: suifur atom, [ hy-
drogen adsorption site, @: newly segregated
sulfur atom, < dissociative adsorbing
atom pair, =——: dissociative adsorbing atom
pair interfered by a newly segregated sulfur
atom.
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Fig. 15. Hydrogen recombination coefficient of
Ni and V experimentally determined as a
function of surface concentration of sulfur.
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Models: solid lines; Pick and Sonnenberg,
dashed lines; Baskes.
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