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Abstract

The effect of ion irradiation on the rate of the electrochemical hydrogen absorption by Mm-Ni based alloy was investigated. Since the
low-energy ion irradiation is quite useful for surface modification of materials, it is expected that the hydriding properties of Mm samples
were improved by ion irradiation. The research, which aimed at the improvement in occlusion ability of Mm alloy using ion irradiation, is
the first trial in the world. In this study, the ion irradiation was made with At* and K in the acceleration energy range of 350 keV, up to
a dose of Ix 10'6 cm~2 using Takasaki lon Accelerators for Advanced Radiation Application (TIARA) in Japan Atomic Energy Research
Institute (JAERI). The initial hydrogen absorption rate was increased as the ion dose was increased. These results clearly suggest that tl
ion irradiation induces a high concentration of vacancies that trap high concentration of hydrogen atoms at the initial stage of the reaction
The induction of a high concentration of vacancies in metal by the ion irradiation is found effective to enhance the initial activation in the
electrochemical hydriding process of MmNi
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction absorption experiment of H#,3]. It glared from the K irra-
diation activating the sample surface, consequently improve-
Mm based hydrogen storage alloys are applied to the neg-ment in hydriding ability being expected. Then, it succeeded
ative electrode of the Ni—H batteries and other hydrogen stor- surface modification of Pd sample by ion irradiation. Surface
age systems. In such practical applications, various surfacemodifications are crucial to improve the reactivity of hydro-
processes of hydrogen molecules are often becoming controlgen with metals because the dissociation of thedlecules
of hydriding rate. Therefore, the surface modifications are in the gas phase or the dissociation of th&Hnolecules in
crucial to improve the reactivity of hydrogen with alloys and electrochemical process is the first step of the overall reaction
itis indispensable to improve the hydrogen absorptivityinthe of the hydrogen absorption by metdd. The dissociation
materials. We have reported that the alkaline pre-treatmentof the H, or H,O molecule becomes markedly influenced by
of the alloy surface using LiOH, NaOH or KOH accelerates surface conditions of a metal. So far, we have systematically
the rate of the initial activatiofi]. In this study, we aimed at  investigated the effect of surface oxide layers on the kinet-
investigating the effect of ion irradiation {HAr* and K*) on ics of hydrogen absorption by hydrogen absorbing metals
the electrochemical hydriding rate of the alloy. Thé &hd [4,5] and reported several methods of surface modifications,
Ar* irradiated the MmNj according to the circumstances. such as metallic coating§], fluorination treatmeri7,8] and
Already, we performed ion irradiation to palladium (Pd) sam- alkaline treatmer{f]. Using the ion beam, ion irradiation can
ple, and acquire the data of hydriding rate about the hydrogeneffectively induce the formation of vacancies in the surface
region of alloy. Furthermore, ion irradiation onto the surface
* Corresponding author. Tel.: +81 27 346 9323; fax: +81 27 346 9687.  Of @ metal effectively induces defects, such as vacancies, dis-
E-mail address: habe@taka.jaeri.go.jp (H. Abe). locations, micro-cracks or impurities in the surface region
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of the metal trapping hydrogen atoms. Marked effects of the 0.2 . ' . "
trapping on the diffusivity of metals with hydrogen atoms
are reported10]. The hydrogen trapping effects, for exam-

O - **

ple, induce a marked increase in the hydrogen solubility and e R, gy

. 4

the heat of hydrogen solution of all¢$1]. Hydrogen trap- 4 H+350keV 10e16 o v

; i ; ; —v— Ar+350keV 10e14 » v 4
ping sites act as the center of segregation of hydrides even X ¢ ate

4 Ar+350keV 10e16 ¥ r{r};,.-’

in hydrogen solid-solution regiofiL2]. Oxide/metal inter-
faces also tend to act as hydrogen trapping sites and form
hydrides in the course of hydrogen absorption, and a marked
effect of surface oxidation on the hydriding kinetics of La—Ni
based hydrogen absorbing alloys was reporte2-14]
Based on these facts, we intentionally induced vacancies
with high concentrations by ion irradiation in the surface
region of alloys, and investigated the effects of the vacancy
formation on the initial rate of hydrogen absorption by
MmNi5.
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Fig. 2. Value of H/Mm of H and Ar* irradiated Mm sample.

2. Experimental 3. Results and discussion
The samples used in this study were MmhiCop 73
Mmg 45Al0.34 (MM =Lag 3sCey5) pellets, with a size of
13mm @ and 2mm thickness. lon irradiation was made
with H*, Art and K in an acceleration energy range of
350 keV with a dose range fromx110™ to 1 x 106 cm—2,
respectively, at the room temperature, using the TIARA
400 kV ion implanter in JAERI. Hydrogen absorption mea-
surements were also performed for the irradiated and un-
irradiated samples. An electrolytic cell with Mm cathode
apparatus shown iRig. 1 was used to characterize hydro-

8:2 dStgéa?hee0:;2:22?:5&1636&;22 Tr?/:r??)séic[g;ﬁ?ﬁ\?é as metalg[3]. It is derived form TRIM calculation that Arions

rate of the hydrogen absorption of a sample was measurecfmduce much higher concentrations of vacancy in the sur-
electrochemicallv in the 6 M KOH usina an open cell as 2c€ than H ions. The higher concentrations of vacancy lead

the change of Ct)J/rrent density mA (g allog9)at apconstant to increased numbers of hydrogen trapping sits, and result-
potential 0f—0.93V at 298 K. The hydrogen concentration ing in the acceleration of the rate of hydride nucleation and

absorbed by the negative electrode was calculated. In aIIgrOWth in the surface region.

reactions measured. no bubbles were observed during th Fig. 3shows the result of the Kirradiation effects on the
' 9 %ydriding rate of the MmNj alloy when the irradiation was

The curve of the initial hydrogen absorption by Mm—Ni
based alloy samples irradiated at two different doses of
1x 10" and 1x 108cm2 of H* and Ar (Fig. 2). The
initial rate of all irradiated samples were high, 1.44 times
maximum, compared with that of the un-irradiated sample. At
theinitial stage (within 30 min from the start of each reaction),
the rate of irradiated samples was increased as the ion dose
was increased from & 10 to 1x 10*cm=2. Compared
with the result of H, the samples irradiated with Aexhib-
ited higher initial rates. Similar results were obtained for Pd

hydriding. made at an energy of 350 keV at a dose af 1016 cm2. In
the measurements, hydrogen absorption and results obtained
for K* irradiation are found to differ from those for*rand
Ar*irradiations. Thatis, in comparison with the un-irradiated
("; sample, the irradiated sample exhibited a very high hydriding

rate. In addition, the value of H/Mm in the irradiated sample
at an elapsed time of 350 min was three times as high as that
in the un-irradiated one. Of the ions used in this study, the K

(-0.93.‘V:const.)

Mm-alloy: irradiation was found to be the most effective in improving
Ni(OH), sheet the initial hydriding rate.
(30 x 30 x 0.3 mm?) The improvement of the hydriding rate of the Mm—Ni
Thermo Minder r— based alloy due to K irradiation cannot be explained only by
(298 K:const.} the production of vacancy-type defects in the surface region.
Belstsries e isetogs Electrolyte solution Chemical reactions with K atoms implanted near the surface
(Hg/HgO) (6M-KOH) might be related to the increase in the hydriding rate. Further

investigations are necessary to clarify the mechanisms behind
Fig. 1. An electrolytic cell with Mm cathode apparatus. the improvement of the hydriding rate by K irradiation.
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K+inMm alloy surface caused the catalyst reaction Byiladiation.
= '1 = Then, itis thought that the amount of occlusion of Mm based
o= 20ycle ] alloy increased.

3cycle
4 | =le=Un-implanted
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Fig. 3. Hydriding rate of 350 keV Kirradiation.

4. Conclusion
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