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Report: 
 
The main part of the results reviewed in the present report has been already published in the Journal of 
Alloys and Compounds [1]. During the experiments at BM20 two rapid solidificated magnesium-rich alloys 
(Mg90Ni10 and Mg80Ni10Y10) were investigated. As it was shown recently [2] this systems are very suitable 
for the reversible solid-state storage of hydrogen, but detailed understanding of recrystallization of 
amorphous phase as well as of sorption mechanisms is needed. For this reason the main focus of 
investigations at BM20 was set on the recrystallization behavior of the melt-spun alloys and on the study of 
the desorption properties of hydrogenated alloys using in-situ synchrotron X-ray diffraction. The incident X-
ray beam with an X-ray wavelength of 1.05Å was used for investigation in the scanning range of the 
diffraction angle between 10° and 35° (2Θ) in reflection geometry. 
 
Recrystallization behavior of melt-spun amorphous Mg-Ni and Mg-Ni-Y 
 
The recrystallization behavior of melt-spun amorphous Mg-Ni and Mg-Ni-Y was studied under different 
atmospheres (Ar, H2 and vacuum). The SR-XRD results were compared with the corresponding results 
obtained by DSC measurement (Fig. 1). Fig 2. shows the evolution of the in-situ SR-XRD of melt-spun Mg-
Ni at different temperatures under argon atmosphere. The recrystallization of the amorphous structure starts 
with nucleation and growth of Mg grains at 125°C. The metastable cubic Mg6Ni Phase already occurs at 
125°C and is decomposed at TA > 200°C into Mg and Mg2Ni [3,4]. For this system the effect of the different 
atmospheres was not significant. The result of recrystallization behavior of melt-spun Mg-Ni-Y is more 
complicated and will be published later. 



 

 

Fig. 1 DSC curves of melt-spun Mg90Ni10 and Mg80Ni10Y10 

(5 K/min, argon). 
Fig. 2 Evolution of the in-situ SR-XRD 
pattern of the as spun Mg90Ni10 
 

Heat treatment of hydrogenated Mg-Ni and Mg-Ni-Y ribbons under vacuum in the Be-dome annealing 
chamber 
 
Fig. 3 shows the evolution of the in-situ SR-XRD pattern of the as spun and hydrogenated Mg90Ni10 during 
its vacuum thermal decomposition at 200°C. The X-ray diffraction pattern at t=0 min represents the X-ray 
diffraction pattern of hydrogenated Mg90Ni10 at ambient temperature. The heating to 200°C was carried out 
within the first 4 minutes. During the dehydrogenation of Mg90Ni10 two separate processes were identified: 
desorption of Mg2NiH4 to Mg2NiH0.3 and desorption of MgH2 in the presence of Mg2NiH0.3. The reaction 
rates are rather different: the dehydrogenation rates for High-Temperature- and Low-Temperature-Mg2NiH4 
at 200°C in vacuum (10-2 mbar) are in the range of 0.2 wt.% H2/min while for MgH2 it could be calculated as 
0.1 wt.% H2/min [1]. The improved kinetics of hydrogen desorption for Mg-Ni can be explained by the 
presence of Mg2NiH0.3 as the active catalyst phase. Unexpectedly, in-situ SR-XRD investigations of the 
thermal decomposition of Mg80Ni10Y10 revealed that no formation of Mg2NiH0.3 is observed in this case 
during the dehydrogenation (Fig. 4). The reason for this behaviour may be explained by the fact that yttrium 
can be solved in Mg2Ni causing a lattice parameter expansion. For more detailed results, including the results 
of Rietveld analysis (phase abundance and lattice parameters) and TGA results please see [1]. 

 
 

Fig. 3: Evolution of the in-situ SR-XRD pattern of the as spun 
and hydrogenated Mg90Ni10 during its vacuum thermal 
decomposition at 200°C (pressure: 10-2

 mbar). 

Fig. 4: Evolution of the in-situ SR-XRD pattern of 
hydrogenated Mg80Ni10Y10 during its vacuum thermal 
decomposition at 200°C (pressure: 10-2

 mbar). 



Conclusion 
 
In order to understand the phase transformations and the dehydrogenation reactions of the melt-spun  
Mg-Ni(-Y), the recrystallization and desorption properties were studied by in-situ synchrotron X-ray 
diffraction performed at the Rossendorf Beamline (BM20) of the ESRF.  
Primarily, the results of desorption mechanisms of hydrogenated Mg-Ni and Mg-Ni-Y reveal interesting 
differences in the investigated systems (Fig. 3 and 4). It was found that the kinetics of H-desorption is 
controlled by the two-step hydrogen desorption process in case of Mg-Ni. In the case of Mg80Ni10Y10 no 
formation of the Mg2NiH0.3 phase was observed 
The results of these investigations have been published in the Journal of Alloys and Compounds [1]. 
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