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Storage and transportation of hydrogen remain the main challenges for the widespread introduction of hydrogen technologies in the energy sector. The low density, flammability and explosiveness of hydrogen require the development of alternatives to conventional storage techniques related to compressed and liquefied gas. As a possible solution for certain application, the use of solid materials capable of generating hydrogen on-demand when interacting with water is suggested. Magnesium and aluminum which can produce up to 0.92 L and 1.24 L per gramm, respectively, are among the most attractive for this purpose due to their low cost, abundance, and recyclability [1].

However, surface oxide layer and the formation of poorly soluble reaction products during hydrolysis dramatically reduce the reaction rate and the hydrogen yield. There are several approaches to overcome these shortcomings:

- Microstructure modification of metallic reagents. High energy ball milling in an inert atmosphere is usually applied to enhance reactivity of magnesium or magnesium hydride because of particle and crystallite size reduction, surface oxide removal, and generation of crystal structure defects. Such pretreatment leads to an increase in the initial reaction rate with water, but does not ensure its completeness [2]. 

- Alloying with potential catalysts. High-temperature melting as well as mechanochemical processing are used for this purpose. Minor additions of some transition metals to magnesium or Ga, In, Sn, Bi to aluminum change the hydrolysis mechanism by the formation of galvanic pairs and/or destruction of the metal grain structure [3-5].

- The use of aqueous solutions instead of pure water. While the impact of alkaline or acidic solutions is easily explained, the effects of salts with a neutral pH are not so obvious. The most effective salt additives are halides and there are several models describing the mechanism of hydrolysis in their solutions [3, 6].

Here, the combined effect of all three factors (alloying, mechanochemical pre-treatment and adjustment of solution composition) on the process of hydrogen generation during the oxidation of magnesium, magnesium hydride and aluminum by water is considered. The most effective approaches to increasing the rate of hydrogen generation and achieving maximum yield are discussed from the point of view of the reacting metal microstructure and reaction mechanism.
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