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1. Introduction

One of the most promising candidates for long-term hydrogen storage and transport is

magnesium due to its high theoretical reversible hydrogen storage capacity (7.6 wt. %) and low cost.

However, some drawbacks limit the practical use of MgH2 as a hydrogen storage medium. These

include high values of operating temperatures ~300 ºC, slow sorption/desorption kinetics, difficulty of

activation, and deterioration of properties during cycling. Various methods have been offered to

overwhelm the disadvantages pointed out above. The mechanical activation of magnesium with

various additives/catalysts attracts particular attention. The mechanical activation process provides the

controllable synthesis of the nanosized materials distinguished by "softer" hydrogen

sorption/desorption modes. The catalytic additives significantly reduce the operating temperatures and

facilitate the kinetics of interaction between hydrogen and magnesium, also.

In this work, we used graphite powders with different specific surface areas as an active

additive to magnesium. The samples were synthesized by reactive ball milling under a hydrogen

atmosphere.

Then Mg/C mixtures were reactively milled for 30 h under 1 MPa hydrogen gas pressure

using a Fritsch P6 mill. Each 5 min the bowl rotation was reversed. Totally two Mg/C samples were

prepared using graphite powders with various specific surface areas of 8.1 (initial graphite powder)

and 329 m2/g (milled during 1 h graphite), consequently. Elemental magnesium powder was also

subjected to ball milling under hydrogen. The Mg/C blends were labeled as Mg/G1 for the 8.1 m2/g

surface area graphite powder and Mg/G2 for the 329 m2/g surfaces area, respectively. The graphite-

less sample was labeled as Mg/G0.

3. The study of the hydrogen desorption/sorption kinetics was performed under isothermal
conditions at different temperatures

Activation energy Ea for the desorption (a) and sorption (b) hydrogen by the different 

samples

4. Conclusion

In this work, the Mg/C composites prepared via reactive co-milling of the magnesium and graphite

powders have been investigated by Sieverts technique both under isothermal and non-isothermal modes. It

was shown there is a correlation between hydrogen sorption/desorption kinetics and the specific surface of

the graphite powder added to magnesium. The best desorption kinetics was achieved for the Mg/G1 sample

fabricated by using graphite powder with a BET surface area of 8.135 m2/g. This sample releases 4.3 wt.%

H2 within 18 min at 270 °C. The activation energy of the hydrogen desorption/sorption process was

determined by the JMAK equation. The desorption activation energies Ea for the samples Mg/G0, Mg/G1,

and Mg/G2 is 179, 78 and 137 kJ/mol, respectively. The analysis of hydrogen sorption curves obtained

under isothermal conditions at different temperatures for all samples was performed. It was found that the

best sorption kinetics was observed for the same Mg/G1composite. However, the activation energy of the

sorption process for this sample is quite high (111 kJ/mol), although this value significantly lower than for

a graphite-less sample. The lowest activation energy (65 kJ/mol) is observed for the Mg/G2 sample,

synthesized by reactive milling of magnesium and the graphite powder with a high surface area (329 m2/g).

It was confirmed there is dependability between the sorption/desorption activation energy for the Mg/C

composites and the specific surface area of the graphite powder used during reactive mechanical activation

of the magnesium-carbon mixtures.
TPD curves of Mg/C composites for the as-milled (a) and activated (b) states. Heating rate 

of 5 K/min

Isothermal hydrogen desorption (a, b, c) and (d, e, f) sorption kinetics of Mg/G0, Mg/G1 and Mg/G2

samples, respectively

The activation energies of hydrogen desorption/sorption reaction by composites were analyzed by

the Johnson-Mehl-Avrami-Kolmogorov (JMAK) generalized equation. The experimental dehydriding

curves were compared with the theoretical kinetics equation,

where α is the fraction of MgH2 dissolved at time t; t0 is the induction time, s; k is a frequency factor; and n

is the Avrami exponent with discribe types of nucleation and growth mechanism.

2. Kinetic study of the dehydrogenation/hydrogenation process

We probed the hydrogen absorption/desorption behavior with the homemade Sieverts-type

apparatus. Before hydrogen ab/desorption measurements the ~400 mg of the Mg/C sample was charged

into an autoclave in a glove box without exposure to air. The autoclave was joined to Sieverts type

apparatus and outgassed to the pressure ~1×10-2 mbar. The initial hydrogen pressure at absorption was 2.0

MPa (20 bar).

Two kinds of experiments were realized: at the constant temperature (isothermal process) and the

linear heating rate (non-isothermal process). The hydrogen release temperature was onset by the pressure-

temperature plots recorded during permanent heating from room temperature with the rate of 5 K/min.

Evaluating the activation energy of the hydrogen uptake/release process was performed at constant

temperatures. The hydrogen storage capacities of the samples were calculated from the change in the

hydrogen pressure during the sorption/desorption process.

2. XRD study 

X-ray powder diffractions plots of the as-milled samples:

a –Mg/G0; b – Mg/G1; c –Mg/G2
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