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Abstract

The amorphous Mg-Ni-M-type (M=Al, Mn, Ti, Zr) alloys have been synthesized by
mechanical alloying (MA). The powder mixture milled for more than 70 h has transformed
completely to the amorphous phase. The mechanically alloyed materials, with 10 wt. %
addition of Ni powder, were subjected to electrochemical measurements as working
electrodes. The discharge capacity of electrodes prepared by application of MA MgNi alloy
powders was low. It was found that the partial substitution of magnesium by Mn, Al, Ti and
Zr in MgNi alloy leads to an increase in discharge capacities.

Introduction

As a typical metal-hydrogen hydride system, magnesium and magnesium-based alloys
were proposed as hydrogen storage materials [1-3]. Pure Mg can store 7 wt. % Hy, is
abundant and available at low cost. Unfortunately MgH is too stable and too much energy
has to be expended in realising the hydrogen. Alloying magnesium with other elements
could lower the stability of the hydride without reducing the capacity to an unacceptable
value. For example, the polycrystalline Mg;Ni alloy can reversibly absorb and desorb
hydrogen only at high temperatures. Upon hydrogenation at 250 °C, Mg,Ni transforms into
the hydride phase Mg:NiH,4 [1]. The hydrogen content in Mg.NiH, is also relatively high,
being 3.6 wt. %.

Substantial improvements in the hydriding-dehydriding properties of Mg-based alloys could
possibly be achieved by formation of nanoscale structures [2-5]. Mechanical alloying is
one of the approaches to produce Mg-Ni alloys which have been highly expected to be
used as hydrogen storage materials [2]. Aoki et al. [6] pointed out that ball milling which
gives rise to the creation of fresh surfaces and cracks is highly effective for the kinetic
improvement in initial hydriding properties. Zaluski et al. [2] successfully prepared
nanocrystalline MgzNi to improve the hydriding properties of Mg:Ni. In nanocrystalline Mg-
Ni system the total hydrogen content increases with increasing Ni content [4]. Generally, it
was found that the electrochemical activity of Mg-based hydrogen storage alloys at room
temperature can be improved in many ways, by forming the non-stoichiometric structures
[7], by alloying with other elements [8, 9]. For example, Lei et al. [9] have reported that a
MgNi alloy prepared by mechanical alloying can charge and discharge at room
temperature. On the other hand, Ye and co-workers [10] found that that manganese in
amorphous Mgo oMo 1Ni partially substituted by Ni, Ti, Co and Si could lead to the
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improvement of hybriding/dehybriding properties, cyclic stability and discharge capacity.

In this present work, the formation of amorphous MgNi, Mgo 75Alp.25Ni, Mgo.7sMng 2sNi,
Mgo.00 Tio.10Ni and Mgo.g0Zro.10Ni alloy powders prepared by mechanical alloying has been
investigated. The electrochemical properties of this type of materials have been studied at
room temperature.

Experimental

Mechanical alloying was performed under an argon atmosphere using a SPEX 8000 Mixer
Mill (USA). The stainless steel vial was used. The composition of the starting powder
mixture corresponded to the stoichiometry of the ,ideal” reactions. The elemental powders
(Mg: <300 pum; Ni: 3—7 um; Al: <75 um, Mn: <45 pum; Ti: 45 um; Zr: 150 um) were mixed in
the glove box (Labmaster 130) and poured into the vial. The mill was run up to 70 h for
every powder preparation. The MA process of the MgNi-type mixtures has been studied by
X-ray diffraction (XRD) using Co Ka radiation, at various stages during milling and Atomic
Force Microscope (AFM).

The mechanically alloyed hydrogen storage material with 10 wt. % of addition of nickel
powder, were subjected to electrochemical measurements as working electrodes after
pressing at 80 kN.cm™ to 0.3 g pellet form between basket made of nickel gauze (as a
current collector). Before electrochemical testing the working electrodes were chemically
activated in 0.06M NH4F solution at 100 °C for 1 h. A detailed description of the
electrochemical measurements was given in Refs. [11,12].

Results and discussion

The behaviour of MA process has been studied by X-ray diffraction and by AFM
measurements Figure 1 shows a series of XRD spectra of mechanically alloyed Mg-Ni
powder mixture subjected to milling in increasing time. The originally sharp diffraction lines
of Mg and Ni (Fig. 1a) gradually become broader and their intensity decreases with milling
time. The nanostructured MgNi with broad diffraction peaks are already found after 20 h of
MA process. The powder mixture milled for more than 70 h has transformed completely to
the amorphous phase, without formation of an other phases (Fig. 1c). The average size of
amorphous Mg-Ni powders, according to AFM studies, was of the order of 30 nm.
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Fig. 1 XRD spectra of a mixture of Mg and Ni powders mechanically alloyed for different times in

an argon atmosphere: a) initial state (elemental powder mixture), b) after MA for 20 h and c) after
MA for 70 h

Etching of electrodes in 0.06M NH4F solution for 1h at 100 °C was sufficient for the initial
activation. The MgNi electrode, mechanically alloyed, displayed the maximum discharge
capacity (119 mA.h.g™?) at the 1% cycle but degraded strongly with cycling (Fig. 2). The
poor cyclic behaviour of MgNi electrodes is attributed to the formation of Mg(OH), on the
electrodes, which has been considered to arise from the charge-discharge cycles [13]. To
avoid the surface oxidation, we have examined the effect of magnesium substitution by Al,
Mn, Ti and Zr in MgNi-type material. This alloying greatly improved the discharge
capacities (Table 1). For example, in amorphous Mgo 7sMnp 2sNi alloy discharge capacities
up to 135 mA.h.g™* was measured. A similar phenomenon to that described here has been

observed by Ye et al. in amorphous Mgo Mo .1Ni-type powders (M=Ni, Ti, Zr, Co and Si)
[10].
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Fig. 2 Discharge capacities as a function of cycle number of studied amorphous materials
prepared by MA: (a) MgNi; (b) Mgo.75Alo.2sNi; (¢) Mgo.7sMno 2sNi; (d) Mgo.eoTio.1oNi and  (e)
Mgo.90Zro.10Ni at current density of i= 40 mA.g”
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The surface chemical composition of nanocrystalline Mg:Ni-type alloy studied by X-ray
photoelectron spectroscopy (XPS) showed the strong surface segregation under UHV
conditions of Mg atoms in the MA nanocrystalline Mg:Ni alloy [14]. This phenomenon
could considerably influence the hydrogenation process in such a type of materials, too.
The same surface segregation was observed earlier by Stefanov in Mg-Ni films, where
magnesium was found to segregate at the surface [15].

Table 1 Discharge capacities of studied materials prepared by mechanical alloying (current density
of charging/discharging was 40 mA.g™").

Alloy Discharge capacity (mAh.g™)
MgNi 118.75
Mdo.75Al0 25N 131.33
Mgo.7sMno 2sNi 135.22
Mdo.9 Tio1Ni 131.63
Mdo.9Zr0.1Ni 106.74

Conclusions

An amorphous MgixMxNi (M=Al, Mn, Ti and Zr) alloys synthesized by mechanical alloying
and annealing were used as negative electrode materials for Ni-MHx battery. The
amorphous phase forms directly from the starting mixture of the elements. The discharge
capacity of electrodes prepared by application of MA MgNi alloy powders displayed low
capacity (119 mA.h.g™%). It was found that the partial substitution of magnesium by Al, Mn,
Ti or Zr in MgNi alloy leads to an increase in discharge capacities. The results obtained in
this study suggest that the hydriding properties of the Mg-based materials will be improved
by the application of nanoscale structures.

Acknowledgements

Financial support for this work was provided by the Polish National Committee for
Scientific Research (KBN) under contract No. 4T10A 00522. One of us (E.J.) has been
supported by the Fellowship from the Foundation for Polish Science (2004).

References

D.H. Bradhurst: Metals Forum 6 (1983) 139-148.

. L. Zaluski, A. Zaluska, J.O. Strom-Olsen: J. Alloys Comp. 217 (1995) 245-249.
M. Jurczyk: Current Topics in Electrochem. 9 (2003) 105-116.

S. Orimo, H. Fujii: Intermetallics 6 (1998) 185-190.

S. Orimo, H. Fuijii: J. Alloys Comp. 232 (1996) L16-L20.

agkrwnhPE



5" Advanced Batteries and Accumulators — ABA-2004 Fuel Cells

6. K. Aoki, H. Aoyagi, A. Memezawa, T.Masumoto: J. Less-Common Met. 131 (1994) 71-
76.

7. G. Liang, S. Boily, J. Huot, A. van Neste, R. Schultz: J. Alloys Comp. 276 (1998) 302-
306.

8. A. Gasiorowski, W. lwasieczko, D. Skoryna, H. Drulis, M. Jurczyk: J. Alloys Comp. 364
(2004) 283-288.

9. Y.Q. Lei, Y.M. Wu, Q.M. Yang, J. Wu, Q.D. Wang: Z. Phys. Chem. 183 (1994) 379-384.

10.H. Ye, Y.Q. Lei, L.S. Chen, H. Zhang: J. Alloys Comp. 311 (2000) 194-199.

11.W. Majchrzycki, M. Jurczyk: J. Power Sources 93 (2001) 77-81.

12.E. Jankowska, M. Jurczyk: J. Alloys Comp. 346 (2003) L1-L3.

13.D. Mu, Y. Hatano, T. Abe, K. Watanabe: J. Alloys Comp. 334 (2002) 232-237.

14.M. Jurczyk, L. Smardz, A. Szajek: Mat. Sc. Eng. B 108 (2004) 67-75.

15. P. Stefanov: Vacuum 47 (1996) 1107-1110.



	W. Majchrzycki1, E. Jankowska1, M. Nowak2, I. Okonska2, M. J
	Abstract
	Experimental
	Results and discussion


