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Abstract. Magnesium (Mg) is regarded as one of the candidate material for absorbing hydrogen, because 
theoretically, has the ability to absorb hydrogen in the large quantities (7.6 wt%). However, Mg has shortage, 
namely its kinetic reaction is very slow, it takes time to absorb hydrogen at least 60 minutes with very high 
operating temperatures (300-400°C). The aim of this study is to improve the hydrogen desorption temperature 
of Mg-based hydrogen storage material. In this work, we used nano-nickel (Ni) as catalyst in MgH2 and 
obtained by reactive mechanical milling method. The duration of milling was done in 2 hours (soft milling) 
with the 2 mol% Ni catalyst and milled under hydrogen atmosphere (10 bar). As the results, small amount of 2 mol% 
Ni in nanometer scale acts as a suitable catalyst for improvement the kinetics of MgH2 which could absorp 5.5 wt% of 
hydrogen within 10 minutes at 300 C. It is obvious that small amount has much better as catalyst in nanoparticle size and 
at the same time allowed to reduce the milling process in short time.  

INTRODUCTION 

Today, hydrogen is stored as a compressed gas for example in vehicles, or a cryogenic liquid in physical storage 
systems for transport. Solid-state storage systems are another safer storage technology that could potentially store 
more hydrogen per unit volume.  

Work is being done on finding cheaper metal alloys which have the ability to absorb large amounts of hydrogen, 
and at the same time release the hydrogen at a relatively low temperature. The International Energy Agency’s (IEA) 
metal hydride program has a goal of 5 weight percent absorbed hydrogen and hydrogen release at < 100ºC 1 . 

Presently, metal hydrides are the most promising materials for hydrogen storage, especially the lightweight metal 
alloy hydrides. The research is focused now on the new lightweight materials for hydrogen storage. Magnesium (Mg) 
is considered to be the most promising base material; it forms MgH2 which corresponds to a hydrogen content of 7.6 
weight percent 2 . Some efforts have been done in order to enhance the hydrogen absorption rate and to overcome 
the problems connected with the high absorption/desorption temperatures by alloying Mg/MgH2 with other metals. 

Some studies are devoted to the catalytic effect of 3d-transition metals, especially the Ni metal 3-7 . Recently, 
Eskandarany et al. 7  have showed a new approach for catalyzing MgH2 with nano-Ni by high energy reactive ball 
milling under 50 bar of hydrogen atmosphere.  They found that the sorption kinetics was examined at 275 °C within 
8 minutes and produced ~5 wt.% H2 for 25 h of milling time. 

In this work, we make attention on the effect of 2 mol% of nano-Ni on the hydrogen storage properties of MgH2 
and prepared by reactive mechanical milling in “mild” condition with relatively low hydrogen pressure (10 bar) for 2 
hours.  
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MATERIALS AND METHOD 

The pure MgH2 powder (Sigma Aldrich, 99.99%, 50 μm) and Ni nanopowder (Sigma Aldrich, 99.9%, 90 nm) 
were used. Hardened steel crucibles of 9.5 mm in diameter containing 13 balls were filled; the total amount of powder 
was 5 g with a ball to powder weight ratio of 10 : 1. The Fritsch planetary mill apparatus was used with a rotation 
speed of 200 rpm and with the milling times of 2h in 10 bar of hydrogen atmosphere.  

The X-ray powder diffraction analysis after different milling was carried out by Philips PW3710 diffractometer 
using Co-K  radiation, operating at 40 kV and 40 mA. The microstructural characterization was investigated by 
using SEM (JEOL JSM-5310LV). The hydrogen storage properties were investigated by gravimetric method in a 
wide temperature and pressure range for absorption (1-10 bar, 50-300 °C) and desorption (250-350 °C, 50 mbar-1 
bar). 

RESULTS AND DISCUSSION 

Fig.1 shows the evolution of the XRD diffraction pattern for MgH2- 2 mol% Ni as a function of milling time. 
 

 
FIGURE 1. XRD pattern of MgH2- 2 mol% Ni for 2h milling under 10 bar H2 

 
The as-received sample composed mainly MgH2 and a small peak of Ni. The same results found after 1 and 2 h of 

milling. After 2 hour of milling the peaks are broader as the consequence of increasing of milling time. This indicate 
that the crystallite size getting nanometer. It should be noted that the milling process has decreasing the particle 
dimension due to the introduction of microstresses into the comminuted material 8 .  

It can be also note that after the desorption process, it was showed that hydrogen completely react to produce only 
magnesium. The X-ray diffraction pattern of the samples taken after H2 cycling ended with desorption at 350oC, 50 
mbar shows that the metastable phase -MgH2 disappears and the crystallite presence again in microcrystalline. Also, 
some small peaks at 37.53o, 40.20o, 42.72o, 56.31o, and at 74.94o appeared, is attributed to the presence of Mg phases. 
Through X-ray diffraction pattern after desorption, the MgH2 phases are disappears, due to complete dehydrogenation 
during the last desorption. It is also clear that the Ni acts as catalyst in MgH2 materials since the Ni still appears after 
desorption process. 

The SEM micrographs of Fig. 2 show the secondary electron image of powders reactively milled in the planetary 
mill for 1-2 hours under 10 bar of H2. The surface of the powder is irregular, as a result of the fracturing during the 
milling process. This is consistent with the structural analysis of the 2 h milled powder. It also informs us that the 
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powders were agglomerated. Compare to oxide metal catalyst, it was also found that the powder agglomerated 10 . 
It is suspected that the cold-welding effect during the milling process to form the Mg powder in agglomerated form 
7 . 

 

  
 (a) (b) 

FIGURE 2. SEM images of MgH2- 2 mol% Ni after 1 h (a), and 2 h (b) of milling  
 

 
FIGURE 3. Absorption of MgH2-2 mol% Ni milled at 10 bar H2 for 2 h. 

 
Fig. 3 shows the absorption of MgH2-2 mol% Ni milled at 10 bar H2 milled for 2 h. It can be seen that after 

absorption at 300oC with the pressure at 10 bar, the hydrogen can reach about 5.5 wt%  in capacity and is proceed 
within less than 10 minutes.  As comparison with our previous work 9 ,  the catalytic effect of nickel nanoparticles 
is magnified especially during absorption: actually, the absorption in the sample MgH2 catalyzed with Ni nanoparticles 
and milled for 2 hour under high pressure of 100 bar H2 took less than 5 minutes for up-taking 5.3 wt% H2 in capacity. 
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Both of these data are somewhat lower than the theoretical capacity (7.6 wt%). However, as observed above, the Ni 
catalyst absorp large amount of hydrogen for short time in the form of nanoparticles. 
 

 
FIGURE 4. Desorption of MgH2-2 mol% Ni milled at 10 bar H2 for 2 h. 

 
Then, isothermal-isobaric desorption kinetics can be seen in the Fig. 4. It shows, the desorption of 5.5 wt% H2 was 

procees at 300oC, 50 mbar within 10 minutes.  

CONCLUSION 

The MgH2 catalyzed with small amount of nano-Ni was successfully prepared using a high energy reactive ball 
milling technique under 10 bar hydrogen. It is worth that the milling process was done in ‘soft milling’ for 2 hours. 
Small amount of 2 mol% Ni in nanometer scale acts as a suitable catalyst for improvement the kinetics of MgH2 which 
able to absorp 5.5 wt% of hydrogen within 10 minutes at 300 C. It is obvious that small amount has much better as 
catalyst in nanoparticle size and at the same time allowed to reduce the milling process. However, the sorption 
temperature is still far from reaching the hydrogen storage targets for fuel cell powered vehicle application. 
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