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Abstract— Hydrogen storage is clearly one of the key challenges in developing hydrogen economy [2]. Magnesium based 
alloys can be used for Hydrogen Storage Materials. The composition of Mg-Al alloy is Mg-42 at.% Al and synthesized by 
40hours milling time to produced MgAl solid solution. Powder from milling process sintered temperature 600oC and two 
hours holding time at argon environment to produced Mg17Al12 phase. 
Mg17Al12 powder hydrogenated at 1 MPa pressure and the temperature is 4000C with variation time 1, 2 , dan 3 hour. XRD 
analysis identified the MgH2 phase, and the result is 1.242%, 3.082% and 4.2% after hydriding time 1, 2, 3 hours. 
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I. INTRODUCTION 
 
Hydrogen is the ideal candidate as an energy carrier 
for both mobile and stationary applications while 
averting adverse effects on the environment, and 
reducing dependence on imported oil for countries 
without natural resources. Hydrogen storage is clearly 
one of the key challenges in developing hydrogen 
economy [2]. Nowadays, the reversible hydrogen 
storage in form of metallic hydrides, mainly hydrides 
of light metals like magnesium, seems to be very 
prospective from this point of view. Magnesium forms 
MgH2 hydride which contains 7.6 wt% of hydrogen. 
This means that magnesium is able to absorb more 
than 1500 times higher volume of hydrogen. However, 
pure MgH2 phase is characterized by a high 
thermodynamical stability which leads to a poor 
absorption–desorption kinetics. And it can repapir 
with using Aluminium as alloy. Addition of 
Alumunium in Magnesium Alloy commonly used to 
apply for Hydrogen Storage Material. Many research 
explain that γ Mg-Al phase can absorb hydrogen 
greater. Zhang Q.A (2008) research in hydrogenation 
characteristic at Mg17Al12 with induction melthing 
method from pure metal explained that sample has 
been sintered twice to get homogenous properties. 
Then it covered by tantalum sheet which placed on 
stainless steel autoclaved and annealed at temperature 
673 K for seven days. Hidrogenation reaction 
happened on 5 MPa hydrogen pressure in different 
temperature. From XRD results showed that sample 
reacted with hydrogen at range temperature 573K. 
The objective study from this research is to know 
hydrogenation mechanism in MgAl alloy and to know 
the influence of sintering and hydrogenation time on 
metal hydride formation of Mg-Al alloy with 
mechanical milling method  
 

II. EXPERIMENT 
 
Mg-Al alloy synthesized with mechanical milling 
method, 10 grams Magnesium mixture (Mg producted 
by Merck with purity more than 99,8%) and 
Alumunium (Al producted by Merck with purity 
99,8%). Experiment used modification horizontall 
ball milling with stainless steel vial. Mechanical 
alloying process used BPR (Ball to Powder Ratio) 
which ratio is 10: 1 and also used Methanol PCA 
(Process Control Agent 90% purity). Mechanical 
alloying process happened in Argon environtment 
with 300 rpm velocity and the milling time is 40 
hours. Material characteristics from mechanical 
alloying product analyzed with XRD and SEM. 
Mechanical alloying’s powder sintered on 
temperature 600oC with 2 hours holding time to form 
Mg17Al12 phase. Then, the sintered powder analyzed 
with XRD, SEM and DSC-TGA. DSC-TGA tested on 
powder sintered to know thermal properties from the 
sample on temperature 600oC. Hydriding process of 
sintered powder held in vial followed with H2 spray at 
1 MPa pressure. Then it heated to 400oC with 
hydriding times variation are 1,2, and 3 hours . 
Sample characteristic from hydriding process 
analyzed with XRD and SEM. 
 
III. RESULT AND DISCUSSION 
 
Figure 1 showed Al 40 hours milled powder peak 
diffraction is different with Al as-received peak 
diffraction. Peak diffraction indicated Mg dissolved in 
Al which had solid solution Mg(Al) phase. Described 
in figure 1, Mg peak diffraction became smaller and it 
has rare intensity on mechanical alloying products. It 
indicated that Mg(Al) solid solution formed by Mg 
dissolved in Al.  It based on Scudino research (2009), 
said that mechanical milling product on Al-Mg with  
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Al90Mg10, Al80Mg20, Al70Mg30, and Al60Mg40  
composition, then milled with Retsch PM400 with 
150 rpm velocity had Al(Mg) solid solution. XRD 
tested by CuKα diffraction showed that Al has wider 
diffraction if dopped by Mg. It represented the Al(Mg) 
solid solution phase. Figure 2 showed the SEM result 
of Al 40 hours as milled powder. Mg had spherical 
shaped and covered with Al. It also represented that 
powder from mechanical milling process with 
modification horizontal ball milling can be bonded 
and interacted each other. But it represented at figure 
2 that there are Mg and Al which still separated and 
not formed the solid solution. Figure 3 represented 
XRD pattern of sintered powder and 40 hours milled 
powder. It showed that in diffraction curve there is no 
Mg and Al phase after sintering process. Mg and Al 
reacted each other and formed Mg17Al12 phase 
 

 
Figure 1. SEM result of Mg-Al mechanical alloying powder 

 

 
Figure 2. Peak diffraction of Mg Al alloy 

 

 
Figure3. X ray diffraction pattern of varied Mg Al phase 

Figure 4 showed the SEM result of sintered powder. 
According to figure 4 Mg and Al was formed 
Mg17Al12 new phase. Mg17Al12 has white spherical 
shape and light intensity. Figure 5 showed DSC result 
of sintered powder on 600C temperature with 2hours 
holding time. Showed in Figure 5 the endothermic 
process in Ted1 followed with heat loss reaction which 
indicated new phase forming on Mg and Al. Mg 
dispersed on Al and formed the stable phase 
γ-Mg17Al12 on temperature 300oC. On temperature 
455oC, seen eksothermic peak marked with Tex1, it is 
melting point of Mg17Al12. Hidryding temperature 
held on range 300oC – 455oC, Endothermic 
temperatur (Ted1) indicated that magnesium retained 
started to melt. Peak on temperature 550C represented 
that sample start to react with environment when 
nitriding process happened. Endothermic peak at 
600oC is melting point of magnesium. 
 
Figure 6 is TGA result from sintered powder followed 
with holding time 2 hours. On temperature 300oC 
denoted that sample lost the weight from the reaction 
of Mg and Al and formed Mg17Al12 stable phase. On 
temperatur 450oC indicated that sample gained the 
weight and started to melt. Mg dispersed at Al and 
formed Mg17Al12 phase. At temperature 550 C 
nitriding phenomenon happened. When nitrogen and 
sample reacted each other and cause the weight gain of 
sample. Figure 7 is XRD result for hydriding result 
tested with XRD using Co Karadiation in the scanning 
range of the diffraction angle between 10 and 100.  
 

 
Figure 4. SEM result of sintered powder at temperature 600oC 

 

 
Figure 5. DSC result of sintered powder at temperature 600oC 

and two hours holding time. 
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Figure 6. TGA result of sintered powder at temperature 600oC 

and two hours holding time. 
 

 
Figure 7 XRD result of hydrogenation product at 400oC With 

hydriding time a. 1 hour b. 2 hours c. 3 hours 
 

 
Figure 8 curve diffraction of sintered powder with hydriding 

process 

 
Figure 9 Morphology of Mg Al powder after three hours 

hydrogenation at temperature 400oC 

Identification of XRD result analyzed with software 
High Score Plus to get optimal analysa result. From 
this experiment showed that MgH2, Mg17Al12, 
Mg28Al45 and MgO was formed. Figure 8 showed the 
curve diffraction of sintered powder followed with 
hydriding process. Three hours hydriding time has 
39.52 intencity, and the intencity of two hours 
hydriding time has 22.98 intencity. The smallest 
intencity is required to one hour hydriding time. It 
means that once a compact surface layer of the hydride 
is formed, inward diffusion of hydrogen is 
significantly retarded and longer hydriding times is 
needed. The higher integrated intensity, the higher 
phase value on materials. Integrated intensity 
correlated with phase. It can concluded that the more 
hydriding time will gain more MgH2 phase value. 
powder after hidryding process with variation time 3, 
2 and 1 hours analyzed with SEM for morphology  
identification. Figure 9 showed SEM result of 3 hours 
hidryding powder at temperature 400 C and 1 Mpa 
pressure. Seen from figure 8 Mg17Al12 granular shape 
with white colours and light intensity. 
 
CONCLUSION 
 
From this experiment we can conclude that, the result 
of mechanical alloying process on Mg-45wt.% Al 
alloy with Modification Horizontal Ball Mill produced 
Mg(Al) and Al(Mg) solid solution. γ-Mg17Al12 phase 
formed after 40 hours mechanical alloying powder 
then sintered at temperature 600oC with two hours 
holding time. Hidryding process at temperature 
400oC with 1MPa pressure then followed with three 
variation of hidryding time at one, two and three hours 
can absorb hydrogen on MgH2 phase. MgH2 phase 
formation has value 1.242%, 3.082% and 4.2% wt 
after hydriding time at one, two and three hours.                                          
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