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a b s t r a c t

Magnesium nanopowder (MgNP) of 17 nm average size was produced by planetary ball milling of Mg
(f!229 mm) with 10 wt% NaCl (f!406 mm) for 50 h. NaCl was omissible by dissolution in saturated
KOH. Partial oxidation of MgNP occurred, however, in presence of KOH. MgNP–NaCl mixture was,
therefore, used for transmission electron microscopy (TEM), scanning electron microscopy (SEM), x-ray
diffraction (XRD), differential scanning calorimetry (DSC) and Sieverts equilibrium investigation. DSC
analysis of ammonium perchlorate showed one endothermic and three exothermic reactions. MgNP did
not noticeably affect on the initial endothermic reaction. But it decreased transformation temperatures
of the second and the third exothermic reactions and increased their heat generation. MgNP 10% NaCl
mixture absorbed hydrogen and showed depressing effect on NH4ClO4 decomposition temperature
more than initial Mg micropowder.

& 2012 Elsevier B.V. All rights reserved.

1. Introduction

Mg nanopowder is of great interest because of its capacity for
hydrogen storage [1], reactivity with air [2], battery electrode
usage [3], fuel additive application [4] and biocompatibility
behavior [5]. Size reduction results in surface area enhancement
and enormous reactivity amplification. Magnesium nanopowder
can be produced by chemical [4], sono-electrochemical [6],
hydrogen plasma-metal [7], gas deposition [8,9] and laser-
assisted methods [10].

Hydrogen storage is the focus of many new investigations [11,12].
Mg absorption of hydrogen depends on purity and size distribution
[13]. NH4ClO4 is a strong oxidizer with a long history of use in
pyrotechnics, space launchers and solid rocket propellants [14]. Its
decomposition rate is important because of possibility of generation
of self-sustained combustion far under atmospheric pressure [15].
Key specifications like particle size, reactivity and specific area have
significant effect on catalysis power of MgNP used to control
perchlorate decomposition reaction [4].

The purpose of this research is to employ a simple method for
production and preservation of the extremely reactive Mg nanopow-
der usable for hydrogen storage and NH4ClO4 decomposition. Hydro-
gen absorption of MgNP produced in this research is measured via
Sieverts equilibrium measurements. Effect of nanopowder specifica-
tions on NH4ClO4 decomposition is also investigated.

2. Experimental procedure

Charge/discharge of the samples was conducted inside glove
box filled with argon (99.9999 mol% purity). Samples contained
22.5 g Mg and 2.5 g NaCl. They were milled under pure argon for
50 h in a 4-container ball mill machine with 250 rpm speed and
10:1 ball-to-powder weight ratio. A 1 h cool-down period sepa-
rated each 1 h milling stage. Table 1 summarizes the milling
conditions. XRD spectra, FESEM (HITACHI S4160, Japan) and TEM
(Philips, CM120) images using Clemex software were used to
determine precise sizes of the milled powders.

To separate NaCl from MgNP, milled mixtures were dissolved
in saturated KOH. Precipitation occurred after a long time resting
of the solution. The precipitate included Mg nanoparticles
surrounded by Mg(OH)2 impenetrable barrier. DSC assessed
decomposition of NH4ClO4 at 20 1C/min under nitrogen in pre-
sence of 1 wt% MgNP of different sizes. Sieverts tests were carried
out at 20 and 37 bar hydrogen pressures and 300, 350 and 370 1C.
Conditions of DSC and Sieverts tests are summarized in Table 1.

3. Results and discussion

3.1. Nanopowder production

Sharp edges of cubic NaCl had significant effect on Mg particles
size reduction (Fig. 1). Initial mean particle sizes were 406 mm for
NaCl and 229 mm for Mg. Conversion of crushing mechanism from
ductile–ductile to ductile–brittle occurred because of hardness
difference of salt (181 Hv) [16] with magnesium (31 Hv). Without
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