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Introduction 

In my doctoral dissertation I studied the relationship 

between microstructure and hydrogen storage properties of Mg-

based alloys and composites prepared by different severe 

plastic deformation methods. 

Hydrogen has the potential to be used as a secondary energy 

carrier due to its high stored energy per unit mass, availability 

and environmentally friendly nature. 

Currently the widespread application of hydrogen in 

transportation and in the energy sector is mostly hampered by 

the problems associated with the difficulty of hydrogen storage. 

Nowadays hydrogen is mainly stored in high-pressure gas tanks 

or in liquid form, however, for the long term, solid state 

hydrogen storage would be a more suitable alternative. In the 

past two decades numerous researches were aimed to the 

development of hydrogen storage materials either based on 

physisorption (storage in molecular form) or chemisorption 

(storage in atomic form). Among the many hydrogen storing 

materials Mg and its alloys have remarkable potential to use in 

practical applications due to the high hydrogen storage 

capacity, availability and relatively low cost. Despite these 

properties, their application is hindered by some 

disadvantageous features like the relatively slow hydrogen 
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absorption/desorption processes and the not ideal 

thermodynamic properties. In order to enhance the hydrogen 

storage properties and address the above mentioned problems, 

several methods can be utilized. Improvements can be achieved 

either by altering the microstructure of the material via severe 

plastic deformation techniques or by using different additives 

and alloying elements. 

 

Aim of this work 

1) Earlier studies indicated that the microstructure of the 

material has significant influence on the processes of 

hydrogen absorption and desorption. Therefore, to better 

understand the H-sorption, microstructural parameters of 

the material have to be known, however these parameters 

can vary during hydrogen uptake/release. Thus my aim was 

the investigation of microstructural and phase composition 

changes during absorption and desorption of a Mg-Ni alloy 

prepared by the combination of high-energy ball milling 

and high-pressure torsion (HPT). 

 

2) It has been shown that Nb2O5 and carbon nanotubes have 

positive influence on the hydrogen storage properties of 

Mg, however their behavior in systems prepared by severe 
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plastic deformation is not explored yet. I applied the 

combination of high-energy ball milling and high-pressure 

torsion to produce Mg-based composites catalyzed by 

Nb2O5 and/or carbon nanotubes (CNT). My aim was to 

study the effect of the deformation procedures and the 

hydrogen sorption cycles on the microstructure of the 

material, on the morphology of the carbon nanotubes and 

on the desorption kinetics. 

 

3) Titanate nanotubes can be an effective catalyst to improve 

the H-sorption properties, however studies on its 

application is still lacking. I prepared Mg-based samples 

catalyzed by titanate nanotubes using high-energy ball 

milling and high-pressure torsion. My aim was the 

microstructural investigation of the Mg-based HPT disks, 

and to study the effect of the ball-milling procedure on the 

morphology and hydrogen absorption. 

 

Experimental techniques 

The investigated materials were prepared by myself using 

high-energy ball milling (ELTE) and high-pressure torsion 

(University of Vienna). The microstructure and morphology of 

the samples were characterized by X-ray diffraction, scanning 
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electron microscopy and transmission electron microscopy. The 

hydrogen storage experiments were carried out on a Sievers’ 

type apparatus and high-pressure calorimetry in Sofia and 

Bologna. The desorption process of the Mg-Ni alloy was 

studied by thermogravimetric and calorimetric analysis. 

 

Main results 

1) Based on X-ray diffraction measurements, it was shown 

that during the absorption of the Mg-Ni alloy prepared by the 

combination of high-energy ball milling and high-pressure 

torsion two hydride phases form, a Mg2NiH0.3 solid solution 

and a Mg2NiH4 phase. Both the absorption and desorption are 

two step processes, the transformation between the hydride 

phases was also observed. The nanostructure (crystallite size: 

15-25 nm) and the micron-sized structure of the deformed 

Mg-Ni alloy are retained during a full absorption-desorption 

cycle, which is greatly important for the applicability of the 

material [1]. 

 

2) The measurements carried out by high-pressure 

calorimetry confirmed the two-step hydrogenation/ 

dehydrogenation processes in the Mg-Ni alloy. The desorption 

enthalpy (ΔH = -62.3 kJ/molH2) of the deformed sample 
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determined by the van’t Hoff analysis is lower than the usual 

value for Mg-Ni systems, which indicates a slight 

destabilization of the hydride phase. It was shown that the onset 

temperature of the desorption of Mg-Ni alloy is decreasing 

during the dehydrogenation process (ΔTonset = 40 
o
C), which 

can be related to the phase transformations and indicate that the 

diffusion becomes increasingly dominant at later stages of the 

desorption [2]. 

 

3) By investigating Mg-Nb2O5-CNT composites prepared 

by high-energy ball milling and subsequent high-pressure 

torsion, it was shown that the torsion process results in the 

appearance of a strong (002) texture. The surface of the Mg 

particles is covered by deformed carbon nanotubes after the 

ball-milling process. Subsequent HPT decreases the average 

lengths of the nanotube sections and causes partial 

amorphization. CNTs could be observed in intergrain areas, 

thus they can prevent the excessive grain growth during the H-

sorption processes (grain sizes are smaller by ~50 %, than 

without CNT) [3]. 

 

4) It was found that the (002) texture, developed during the 

torsion process can significantly enhance the desorption of Mg-

Nb2O5 composite, i.e. the amount of released hydrogen was 
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increased 4 times due to HPT (6.27 wt.%). Simultaneous 

addition of Nb2O5 and CNT results in substantial improvement 

in the dehydrogenation rate (increase from 24.7∙10
-4

 wt.%∙s
-1

 to 

40.7∙10
-4

 wt.%∙s
-1

). By analyzing the kinetics curves, it was 

determined that the different catalysts enhance different steps 

of the dehydrogenation. Based on the results the Nb2O5 

particles serve as active sites for the nucleation of the new 

phase and the recombination of H atoms, while the nanotubes 

are mainly responsible for the hydrogen transport [3].  

 

5) It was shown that in case of Mg-Nb2O5-CNT composite, 

ball-milling in the presence of the additives has a prominent 

effect on the kinetics and on the capacity. By correlating the 

kinetic measurements with the microscopic figures, it was 

determined that enhancing the distribution of catalysts increases 

the hydrogen absorption rate (~12 times increase) [4]. 

 

6) It was found that the effectiveness of titanate nanotubes 

as catalysts is highly dependent on the sample preparation 

process. The dispersion and morphology of the nanotubes can 

be influenced by altering the ball-milling route. As these 

properties have a significant effect on the hydrogen storage 

capability, the absorption capacity of Mg can be increased by 

10 times (to 4.7 wt.%) [5]. 
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Conclusions 

It was confirmed that there is a close relationship between 

the microstructure and the absorption/desorption properties of 

hydrogen storage materials. The hydrogen storage properties 

can be significantly improved and the microstructural changes 

occurring during H-sorption cycles can be reduced via the 

optimization of the applied additives and sample preparation 

conditions. With these in mind, it will be possible to develop 

materials with even better hydrogen storage properties. 
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