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Abstract

The effect of ion irradiation on the rate of electrochemical hydrogen absorption rate of palladium (Pd) was investigated. In this study, ion
irradiation onto the Pd surface was made with, He™, Art and N in the acceleration energy range from 30 to 350 keV, and for ion doses
up to 1x 107 cm~2. As the ion dose increased, the initial rate of hydrogen absorption of Pd was increased. The ion irradiation treatment of
the surface of a metal induces high concentrations of vacancies. The increased rate of hydrogen absorption may be caused by the introducti
of a high concentration of vacancies which traps hydrogen atoms. The ion irradiation was found as an effective way to enhance the rate of th
initial activation of the electrochemical hydrogen absorption of Pd.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction (HT), helium (He"), argon (Ar") and nitrogen (N), and
the effect of this modification on the rate of electrochemi-

Surface modifications are crucial to improve the reac- cal hydrogen absorption of Pd was investigated. lon irradi-
tivity of hydrogen with metals because the dissociation of ation onto the surface of a metal effectively induces defects
the H, molecules in the gas phase or the dissociation of such as vacancies, dislocations, micro cracks or impurities
the HbO molecules in an electrochemical process is the in the surface region of a metal. Defects introduced in Pd by
first step of the overall reaction of hydrogen absorption by ion irradiations were investigated using positron annihilation
metals[1]. The dissociation of the Hor H,O molecule is  spectroscopf8]. As is well known, vacancies trap hydrogen
markedly influenced by surface conditions of a metal. So atoms. The hydrogen trapping effect, for example, induces
far, we have systematically investigated the effect of sur- a marked increase in the hydrogen solubility and the heat
face oxide layers on the kinetics of hydrogen absorption of hydrogen solution in P§B] or LaNis [10,11] Hydrogen
by hydrogen absorbing metal4,2] and reported several trapping sites act as the center of segregation of hydrides
methods of surface modification such as metallic coat- even in hydrogen solid solution regif2]. Oxide/metal in-
ing [3], fluorination treatmenf4,5], and alkaline treatment  terfaces also tend to act as hydrogen trapping sites and form
[6]. hydrides in the course of hydrogen absorpf{it®,14]. Based

In this study, the surface modification of Pd have been on these facts, we intentionally induced vacancies with high
made by the ion irradiation using ion beafi7$ of proton concentrations by ion irradiation in the surface region of Pd,
and investigated the effect of the vacancy formation on the
initial rate of hydrogen absorption of Pd in electrochemical
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2. Experimental 10%

Pd sheets (99.99% purity) with a size of5Thmx -
7.5mmx 0.1 mm were used. Prior to ion irradiation, all sam-
ples were annealed for an hour at 1173 K in a flowing pure
N> gas (99.9998% purity) stream. lon irradiation was made
onto the surface of Pd samples using ion beams'gfte’,
Ar * and N* in the ranges of an irradiation energy from 30 to
350 keV, and of an ion dose fromx1 10 to 1 x 1017 cm—2
at room temperature at the Takasaki lon Acceleration for
Advanced Radiation Application (TIARA), Japan Atomic
Energy Research Institute (JAERI). The temperature at the
samples surface increased up to 353K at a beam current of

10%

107

10%

10" r} :

Concentration [vacancies/cm?]

5uA, and almost no annealing effect took place during the : \
irradiations. | \ ]
The distribution of induced vacancy can be simulated L . - JPP— PP,
[8,15] using a transport of ions in matter (TRIM) coflb]
based on L.S.S. theof¢6]. Figs. 1-4show the results of the TargerDepty ]
Q|str|butlons ,Of vac_ancy con_centranon in the Pd surface us- Fig. 2. Distribution of vacancy concentration induced by"Hens with a
ing 2 TRIM simulation at an ion dose of2 10*°cm™2, and dose of 1x 10 cm~2 at irradiation beam energies of 30, 100 and 350 keV.
at an irradiation energy from 30 to 350 keVtH-Het, -Ar
* and -N', respectively. As the irradiation energy of each 107 g T — R s AR
ion is increased, vacancies are introduced more deeply. As i - —30kev |
the mass of an ion is increased fromt HHet, Art to NT, o= B ]
the vacancy concentration increases at the same ion beam en- ] E
ergy, however, the area of distribution in depth becomes less. &
The vacancy concentrations are increased with increasing ion %,j 10% F
dose. Iz i
For the electrochemical measurement of hydrogen ab- g 107k
sorption rate of Pd (cathode), a Pt sheet with a size of = E
30mmx 30 mmx 0.3mm and a purity of 99.98 wt.% was é I
used as an anode. An Hg/HgO electrode was used as the ref- % W g
erence electrode in an open cdll]. The rate of hydrogen § [
absorption of a sample was measured in 6 M-KOH usingan S 10"
0% g T T T 3 "0 50 100 150 200 250 800 350
F —30keV | Target Depth [nm]
i | | ek — 100keV 1
E ——350keV Fig. 3. Distribution of vacancy concentration induced by Aons with a
%E“ dose of 1x 10 cm~2 at irradiation beam energies of 30, 100 and 350 keV.
3 10 F ,
§ E ] open cell as the change of current density mA(g-altdy)
S o 7A .} at a constant voltage 0.93 V and at 298 K. In all reactions
2 .,\-‘ i / measured, no gas bubbles were observed during hydrogen ab-
g o | 3 b ] sorption. Details of the electrochemical hydrogen absorption
E \ rate is reported elsewhef&7].
g ]
g 1o _
\ 3. Results and discussions
h 500 1000 1500 2000 3.1. Pd-H system

Target Depth [nm] . .
Figs. 5 and &how hydrogen absorption curves of Pd sam-
Fig. 1. Distribution of vacancy concentration induced by lns with a p!es after H a_-nd He irr?-qi?-tion at diﬁeren_t ion_beam ener-
dose of 166 cm2 at irradiation beam energies of 30, 100 and 350 keV. gies, respectively. The initial rate of both irradiated samples
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Fig. 6. Hydrogen absorption curves of Pd samples irradiated Byibies
with a dose of 1x 10'%cm2 at irradiation beam energies of 30, 100 and
350keV.

Fig. 4. Distribution of vacancy concentration induced by Mns with a
dose of 1x 10'® cm~2 at irradiation beam energies of 30, 100 and 350 keV.

was increased compared with that of un-irradiated samples.ggg ey, As the AF dose was increased fromsd 10 to
Atthe initial stage (within 120 min from the start of eachreac- 1 10172 the rate increased with increasing ion dose.
tion), the rate of irradiated samples increased as the ion beanmy, sample irradiated with a dose ofd 1017 cm~2 exhibited
energy increased from 30 to 350 keV. Compared with the re- 5 mch higher rate than the others, indicating that an increase
sult of H", the samples irradiated by Meexhibited higher i, the jon dose, namely, an increase in vacancy concentration

initial rates. As the data of the distribution of vacancy concen- js effective for enhancing the initial hydrogen absorption rate
tration shown irFigs. 1 and 2He* ions induce much higher of Pd.

concentrations of vacancy in the surface thahibins. The Fig. 8 shows the results of Nirradiation effects on the
higher vacancy concentrations leads to increased numbers oﬁydrogen absorption rate of Pd at an irradiation energy of
hydrogen trapping sites, resulting in an acceleration of the 354 ke A sample with a higher ion dose exhibited a higher
rate of hydride nucleation and growth in the surface region. (ate \which was measured also in the"Aradiation. At the
Fig. 7 shows the effect of the dose of Aron the initial  eaction time of 120 min, the concentration of hydrogen ab-
hydrogen absorption rate of Pd irradiated at an energy of g5 pyeq by Pd was measured as/i#d] > 0.008. Of the ions
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Fig. 5. Hydrogen absorption curves of Pd samples irradiated byors Fig. 7. Hydrogen absorption curves of Pd samples implanted Byidas

with doses of 1x 104, 1 x 106 and 1x 10" cm™2 at an irradiation beam with doses of 1x 104, 1 x 105, 1 x 10*® and 1x 10" cm~2 at an irradi-
energy of 350 keV. ation beam energy of 350 keV.
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Fig. 8. Hydrogen absorption curves of Pd samples implanted byoNs
with doses of 1x 10 and 1x 10'6cm~2 at an irradiation beam energy of
350keV.

used in this study, the Nirradiation was found most effective
in the increase of the initial hydrogen absorption rate.

3.2. Change in current density at the initial stage

Fig. 9shows the change in the current density during the
hydrogen absorption in Pd samples irradiated by 350 keV-

Art beams with different doses. As the ion dose increased

from 1 x 10to 1 x 101 cm~2, the current density, namely,
the initial hydrogen absorption rate was increased. These re
sults correspond to the hydrogen absorption curvésgné.

For a sample with an irradiation of a dose ok110'" cm~2,

with the highest vacancy concentration ($ég. 3) among
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Fig. 9. Change in the current density during the hydrogen absorption of Pd

samples irradiated by Arions with doses of &k 10, 1 x 105, 1 x 106
and 1x 107 cm~2 at an irradiation beam energy of 350 keV.

291

the Pd samples used in this study, the highest current den-
sity, namely, the highest initial hydrogen absorption rate was
measured. The current density measured for this sample with
an ion dose of & 10 cm~2 was extremely high compared

to the other samples. In the surface of this sample, the for-
mation of a high concentration of vacancies may trap hy-
drogen atoms, and may become nucleation sites of hydride
formation in the Pd surface. As a hydride phase nucleates
and grows on the surface, the lattice expansion and the for-
mation of additional defects take place, and the flux of hy-
drogen atoms diffusing into the metal becomes higher by the
increasing gradient of hydrogen concentration over the sur-
face hydride layers/metal interfaces, resulting in increasing
the current density and initial rate.

4. Conclusion

The ion irradiation treatment of the surface of Pd using
H*, Het, Art and N' ions can enhance the initial rate of
electrochemical hydrogen absorption of Pd. Of the ion irra-
diations using these ions,;™Nons were found most effective
in the enhancement of the hydrogen absorption rate of Pd.
The induction of high concentrations of vacancies in the sur-
face of Pd seems to be responsible for the enhancement of
the initial rate, where the induced vacancies seem to act as
hydrogen trapping sites, resulting in the acceleration of hy-
dride nucleation and growth in the surface. The increasing
ion beam energy, and the increasing ion dose are effective
to increase the vacancy density, and to enhance the initial
rate. The results obtained suggest that the ion irradiation is
useful as a surface modification treatment for the activation
of hydrogen absorbing metals. A further study is required to
elucidate the role of each ion in the induction of vacancy in
the surface region of a metal.
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