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This thesis deals with the chemical reaction between aluminum and water for hydrogen 

production and the effects of severe plastic deformation (SPD) and chemical composition on the 

hydrogen generation reaction are investigated. The high-pressure torsion (HPT) method is 

employed as an SPD technique to process and synthesize the different Al-based materials. A 

summary of this thesis is presented in the following six chapters. 

In chapter 1, a brief description of hydrogen as a clean energy carrier, hydrogen generation 

techniques, reaction of water with aluminum for hydrogen production, activation problem of 

aluminum/water reaction and possible methods to solve this activation problem is presented. At 

the end of this chapter, the SPD methods and particularly the HPT process are introduced as 

possible techniques to activate the Al· based alloys for reaction with water. 

In chapter 2, Sn is added as an additive with high electrode potential to Al and the 

materials are processed by HPT to enhance the fraction of Al/Sn nano-galvanic cells. It is shown 

that the introduction of lattice defects and large fraction of Al/Sn interphases are effective to 

activate the hydrogen generation rate, but large amounts of Sn (more than 60 wt.%) should be 

added to Al to have an acceptable hydrogen generation rate and yield. 

In chapter 3, different elements such as Zn, Fe, Ni, Cu, Mg and Si are added to the Al-Sn 

system by mechanical alloying through the HPT process to enhance the hydrogen generation 

rate by promoting the pitting corrosion. It is shown that only Zn can promote the pitting 

corrosion and enhance the hydrogen generation rate and yield. The reaction rate and yield of 

the HPT-processed alloys depend on the ratio between Sn and Zn and the highest reactivity in 

water is achieved for an Al·30wt.%Sn·10wt.%Zn alloy with a reaction rate of 90 ml min·l g· 1 at 

333 K. 
In chapter 4, effect of microstructure and processing condition on the hydrogen generation 

performance of Al·30wt.%Sn·10wt.%Zn alloy is investigated. It is shown that increasing the 

shear strain and the resultant formation of ultrafine grains, containing pure Sn and Al ·Zn solid 

solution, enhance the effect of both nano-galvanic cells and pitting corrosion. The highest 

hydrogen production value for the Al-30wt.%Sn·10wt.%Zn alloy at 333 K is -70% of the 

theoretical level, suggesting that other elements or other strategies should be employed to 

enhance the reactivity. 

In chapter 5, Al -Bi alloys and Al·Bi-C composites with different compositions were 



synthesized by HPT processing. Bi, which has a higher electrode potential than Sn, is added not 

only to enhance the effect of nano-galvanic cells but also to promote the pitting corrosion. 

Graphite, which presents in the form of isolated particles in the compounds, is added to 

accelerate the fragmentation of the materials in water and to increase the fraction of active 

surface area. It is shown that an Al-30wt.%Bi-10wt.%C compound exhibits a hydrogen 

generation rate as high as 270 ml min·l g·I in water at 333 K, which is three times faster than 
that in the Al-30wt.%Sn-10wt.%Zn alloy. Moreover, the total hydrogen generation amount from 

the Al-30wt. %Bi-10wt_ %C reaches the theoretical level in less than 10 min at 333 K, suggesting 

that all aluminum atoms in this material can possibly react with water. 

In Chapter 6, a summary of this thesis is presented. 


