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The hydrogen sorption properties of the composites 85 wt.% Mg-15 wt.% Mg Ni Fe (x50, 0.1 and 0.3) prepared by high-energy 2 12x x ball milling were studied. It was shown that the presence of a Mg Ni Fe additive significantly improved the kinetics of hydrogen 2 12x x absorption and desorption of magnesium, the absorption capacity remaining sufficiently high even at temperatures between 423 and 573 K. The catalytic effect of the Mg Ni Fe intermetallics was explained as due to the formation of a second hydride, Mg NiH , to the 2 12x x 2 4

appearance during the mechanical alloying of defects facilitating the formation of hydride nuclei and to the presence of Ni and Fe clusters on the surface of nanocomposite particles.

. Introduction

Various substances have been used as additives to the magnesium nanocomposites obtained by ball milling. In a One of the promising properties of magnesium and its series of papers Mg is mechanically alloyed with some alloys is the possibility of reversible formation of hydrides.

transition metals (Ce, Ti, Nb, Fe, Co, Ni) [6][7][8][START_REF] Zaluska | Mg Ni; (s) 85 wt.% Mg-15 wt[END_REF][10] or an Unfortunately, the high absorption capacity of magnesium intermetallic additive like MNi (pure or partially substi-5 (7.6 wt.% H ) is attained after preliminary activation at tuted LaNi , MmNi or YNi [11][12][13][14][15][16][17][18]), FeTi [19], high temperature and pressure. Its hydriding kinetics are ZrNiCr [20], ZrNi Cr [20] and ZrFe Cr [21,22]. poor below 600 K, which is also the minimum temperature Nickel belongs to a special category as it forms with needed for the dehydriding reaction. For that reason, a magnesium the intermetallic compound Mg Ni able to 2 large number of investigations have been aimed at improv-absorb hydrogen reversibly as a ternary hydride, ing the hydriding-dehydriding kinetics of magnesium by Mg NiH . The possible important applications of hydro-

2 4
preparing composites on its basis with an absorption gen storage materials of the Mg-Ni system are the reason capacity close to that of pure magnesium.

for a large number of papers dealing with them, the most During the past years, high-energy ball milling has important results having been summarized recently in a proved to be a suitable method for the preparation of such review of Orimo and Fujii [23]. composites with improved hydrogen sorption properties.

Depending on the nature and quantity of the additive, its Ball-milling results in formation of a pure and reactive catalytic effect on hydriding and dehydriding of magsurface with dislocations and other defects [1][2][3]. The nesium may be due to the appearance of: (i) new interadditives present in the composites along with magnesium metallic phases; (ii) binary metal hydrides with a varying very often play the role of catalysts in the hydriding and stoichiometry which may 'pump' hydrogen to the magdehydriding processes. Thus, mechanical alloying is a nesium surface; and (iii) clusters of transition metals on simple way of introducing a catalyst into the reaction the surface of Mg particles playing the role of active sites system [4,5].

for dissociative chemisorption of hydrogen. The present paper represents a continuation of the authors' work on the hydrogen storage characteristics of which is accompanied by an increase in the volume. In the desorption was measured at T5573 K and P50.15 MPa. literature there is also information on the catalytic effect of The phase composition of the initial intermetallics and iron clusters when they are present on the surface of the the hydrided and dehydrided mechanically alloyed samples magnesium particles. In view of this it is of interest to was controlled by X-ray phase analysis using Cu Ka establish how a magnesium composite containing Mg Ni radiation. hydrogen absorption capacity of magnesium with the lower tron microprobe analyses were performed using a dehydriding temperature of Mg Ni. On the other hand, the CAMECA SX-100 instrument.

2 presence of iron in the composite should also have a favourable effect on the hydriding kinetics.

. Results and discussion

The X-ray phase analysis data of the obtained initial preciable even in the case when the driving force (P -that at 573 K the ternary hydride is formed more easily applied P ) is reduced. This fact may be important from the point than the magnesium hydride, this means that the formation eq of view of future application. of the ternary hydride ends at the beginning of the process, The kinetic curves of hydriding at 573 K for the three and a large number of nuclei appear on the particle composites (Fig. 7) show no substantial difference in the surfaces. This fact determines the higher rate of hydriding proceeding of hydrogen absorption. However, the differ-at the above temperature. At 623 K nuclei of magnesium ence is distinct when comparing the results for 623 and hydride only are obtained, due to which the hydriding 573 K (Figs. [8][START_REF] Zaluska | Mg Ni; (s) 85 wt.% Mg-15 wt[END_REF][10]. With the three composites, hydriding proceeds with a lower rate. The oxygen contamination at 573 K occurs at a higher rate than it does at 623 K. The could also play an important role. of the reaction at lower temperatures and the better kinetic behaviour of the composites during hydrogen absorption. The catalytic effect of the Mg Ni Fe additive is more 2 12x x pronounced during hydriding of the composites than is the case of their dehydriding. This is illustrated by the kinetic curves of hydrogen desorption of the three composites at 573 K (Fig. 11). As it is evident from the figure, the presence of the catalytic additive is the reason for the higher rate of desorption which is usually relatively low for the magnesium systems at this temperature. The effect is most pronounced for the composite containing Mg Ni Fe . facilitates the nucleation and growth of the hydride layer.

(iii) a sufficiently high absorption capacity at low hydriding On the other hand, when hydriding and desorption take temperatures; place at 573 K, superparamagnetic nickel and iron appear (iv) a reduced temperature of hydrogen desorption from the on the particle surfaces, which is evidenced by magnetic hydrided samples. data. Segregated nickel on the Mg Ni surface has also 2 been found by Schlapbach et al. [27]. The hydriding The catalytic effect observed is due to an increase in the kinetics is additionally improved by the process of me-Mg / hydride interface as a result of the formation of a chanical alloying where the appearing defects and disloca-second hydride (Mg NiH ) in the system, to the me- tions help the nucleation. The simultaneous presence of all chanical alloying and the presence of Ni and Fe clusters on these factors is the probable reason for both the proceeding the surface of nanocomposite particles.

2 or

 2 Mg Ni Fe would behave during hydriding-dehy-With a view to checking the composition and homo-2 12x x driding. A composite of that kind could combine the high geneity of Mg Ni Fe and Mg Ni Fe alloys, elec-
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 2321 Fig. 1. Backscattering electron microphotograph of the Mg Ni Fe sample showing the presence of: (i) Ni and Fe clusters (white phase); (ii)
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 342 figure, all the three composites reach a high absorption capacity without preliminary activation, which would have
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 23 Fig. 2. Backscattering electron microphotograph of the Mg Ni Fe sample showing the presence of: (i) Fe (and some Ni) clusters (white phase); (ii) 2 0.7 0.3
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 7 Fig. 7. Hydrogen absorption versus time behaviour during the beginning Fig. 4. Kinetic curves of hydriding of the composite 85 wt.%Mg-15 of the hydriding process of the composites 85 wt.% Mg-15 wt.% Mg Ni 2
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 2 d), 85 wt.% Mg-15 wt.%. Mg Ni Fe (s) and 85 wt.% Mg-Mg Ni Fe (m) at T5573 K and P51 MPa.
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 8 Fig. 8. Hydrogen absorption versus time behaviour during the beginning Fig. 5. Kinetic curves of hydriding of the composite 85 wt.% Mg-15 of the hydriding process of the composite 85 wt.% Mg-15 wt.% Mg Ni wt.% Mg Ni Fe at different temperatures and P51 MPa.
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 9 Fig. 9. Hydrogen absorption versus time behaviour during the beginning Fig. 6. Kinetic curves of hydriding of the composite 85 wt.% Mg-15 of the hydriding process of the composite 85 wt.% Mg -15 wt.% wt.% Mg Ni Fe at different temperatures and P51 MPa.Mg Ni Fe at temperatures of 573 and 623 K and a pressure of 1 MPa.
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 10 Fig. 10. Hydrogen absorption versus time behaviour during the beginning of the hydriding process of the composite 85 wt.% Mg-15 wt.%

  2 . Experimental intermetallic phases show that the Mg Ni sample is almost 2 single-phase. According to the results reported in [26], Powdery magnesium, nickel and iron of 99.9% purity Mg Ni Fe alloys having a Mg Ni-type structure with
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	(x50.1 and 0.3). Mixtures having the corresponding	by melting of the elements at 1173 K. In the present study
	composition were pelleted and heated under argon at 823	preparation has occurred at 823 K and the X-ray patterns
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	Mg Ni Fe ) in a Fritsch Pulverisette 5 planetary ball 2 12x x	Mg Ni Fe . The calculated values of the cell parame-2 0 9 0 1

˚mill to obtain mechanically alloyed composites. The ters (a55.20-5.21 A; c513.22-13.24 A) are close to grinding proceeded under argon using stainless steel balls those of pure Mg Ni.

0.9 0,.1Mg Ni-type phase (grey phase).

0,7 0,3 2 0.9 0.1

0 . 9 wt.% Mg Ni Fe . S. Morris, M.A. Imam, J. Mater. Res. 16 (2001) 45. 2 0.7 0.3