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In this thesis, computational tools based on density functional theory (DFT)
were utilized to study the roles transition metal catalysts on improving kinetics and
thermodynamics of hydrogen absorption in the chemical storage materials. Previous
experimental study reported that, upon adding Ni and V catalysts in the Mg, formation
enthalpy and activation energies of de/hydrogenation were dramatically decreased. As
evidenced from the experimental observations, this research studied the effect of Ni
catalysts in the form of Mg,Ni surface whereas the deposition of V catalyst exists as a
cluster on the surface. It was found that both V and Ni help stabilize hydrogen
adsorption and facilitate dissociation of the H—H bond. The V cluster adding on the
Mg,Ni surface induces surface reconstruction which in turn provides extra adsorption
sites and creates facile diffusion paths where hydrogen can easily spillover from the
cluster to the surface. The diffusion kinetics on the surface are also improved where
the formation of connected Ni sites serves as low-energy diffusion paths. Although the
subsurface diffusion into the materials requires higher barriers, increasing hydrogen
coverages reduces such barriers by a half suggesting that hydrogen absorption into the
materials is kinetically appreciable at operating conditions of high H, pressure. The
catalytic roles of Ni and V are supported by the results obtained from AIMD simulations
where hydrogen prefers to dissociatively adsorb on the TM sites and can further diffuse
into the subsurface region.

Next, the role of Ni decorated on carbon-based material was studied. The
experimental study reported that, upon adding Ni nanoparticle in the carbon-based
material, the hydrogen uptake was increased. As evidenced from the experimental

observations, the carbon-based material was synthesized by difference carbon sources
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which obtain difference defect on carbon-based materials. The combination effect of
Ni catalysts and hetero defect graphene was studied. Computations show that the Nij;
cluster binds dramatically strong to the defect graphene. Such strong interactions
could inhibit Ni sintering upon hydrogen sorption leading to superior hydrogen storage

capability and long cycle life.
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