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ABSTRACT. The ball milling of a mixture of Laves phase and LaNi5 type alloys results in a Laves phase type structures with XRD pattern characteristic to nanostruntured materials. The transformation leads also to changes in the hydrogen desorption isotherms and improves the discharge capacity of the hydride electrode.

1. Introduction

Nanocrystalline structure induced by mechanical alloying may improve the properties of hydrogen storage alloys. Ball milling involves heavy deformation of the powder and induces high concentration of strain and defects: favourable characteristics for activation and hydrogen absorption/desorption kinetics [1-5]. The current tendency in materials design strategies of hydrogen storage alloys is toward nanocrystalline, disordered and mesostructured materials [6] in order to achieve high electrochemical activity via a strict control of interfacial properties. The mechanical alloying process has recently emerged as a novel technique for producing nanostructured alloy powders which interesting electrochemical properties [7]. Advanced nanocrystalline of C15 type structure obtained by complete crystallisation of melt-spun alloys show also high performance as metal hydride electrodes [8].

2. Experimental
The AB5 and AB3 type alloys were prepared by arc melting the components under pure argon atmosphere.

The mixture of AB5:AB3 alloys (about 2 g) was ball milled with a vibromill, under argon, in a stainless steel reactor with a hard steel ball of 11 g.

The hydrogen desorption isotherms were measured in a Sievert type aparatus at room temperature and the electrochemical charge-discharge cycles were performed as described elsewhere [9].

3. Results and discussion

3.1 Structural characteristics
A mixture of Zr0.6Ti0.4V1Mn0.37Cr0.3Ni1.33 and MmNi4.3Mn0.7 (Mm = mischmetall) in the mole ratio 2:1, ball milled 145h show the XRD pattern reported in Fig. 1. The ball milling results in line broadening and decreasing intensity typical [4] for decrease in crystallite size and an increase of internal strain as a result of mechanical deformation and fracture. The remaining lines are characteristic to the C15 and C14 Laves phase structures while the lines of the AB5 type structure allmost disapear after ball milling. It is interesting to note that by arc melting the same mixture of alloys a pure C15 type structure was obtained.
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Fig. 1. The X ray diffraction profiles for the starting alloys and their ball milled mixture

Hydrogen desorption isotherms
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The desorption isotherms for the starting alloys (AB3 and AB5) and the ball milled mixture are reported comparatively in Fig. 2.

Fig. 2. Hydrogen desorption isotherms at 20 oC.

The effect of ball milling is a slight diminution of the overall amount of adsorbed hydrogen together  with an increase of the equilibrium desorption pressure in the high pressure range. This could be due both to the formation of the Mm-substitution mixture Laves C15 and C14 structure and to the ball milling induced strain and deformations. 

The arc melted mixture of the same composition, with  pure C15 as mentioned above, showed, surprisingly, very low hydrogen absorption (0.39 % H).

3.2 The behaviour as hydride electrodes
The behaviour of the alloys as hydride electrodes an their capacities during charge-discharge cycling is reported in Fig. 3.
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The comparison shows clearly the ball milled sample does not behave like an average weighted mixture of the starting alloys, the fast degradation with cycling of the AB5 disappears. The electrode is fully activated after 15 cycles. After 95 cycles the electrode was sandwiched between two NiOOH electrodes and assembled in a sealed cell under 10 bar H2 pressure. The discharge capacity increases, reaching a plateau at about 350 mAh/g, obviously  because  the  materials  with  sloping plateaux in the desorption

Fig. 3. Cycle life curves for the hydride electrodes at 160 mA/g discharge current at 

20 oC in 6N  KOH.

isotherms doe require higher pressures to reach the full charging with hydrogen. It has been shown [10] that good algorithm which accounts for the experimental discharge capacity is the amount of hydrogen  desorbed in the range 10-0.1 bar H2 at 20 oC. For the ball milled sample Fig. 2 shows that  this amount is 0.97 weight per cent H, corresponding to 260 mAh/g. The much higher capacity obtained experimentally shows that the ball milling method is very effective in increasing the discharge capacity. Such in increase has been also reported for the nanostructured alloys [8]. 

Conclusions
The ball milling of a mixture of Laves phase AB3 with an AB5 (LaNi5 type structure) in 2:1 mole ratio results in a Laves phase alloy with the XRD pattern characteristic to C15 and C14 type structures. The line broadening suggests a nanostructured material.

The overall composition AB3.67 explains the decreasing of the amount of absorbed hydrogen and the increasing equilibrium hydrogen pressure due to the increasing B:A ratio.

The ball milling has a beneficial effect on the discharge capacity as hydride electrode and deserves the research in this direction.
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