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This thesis investigates the development of hydrogen storage properties of
magnesium hydride (MgH,) by doping with catalysts and carbon materials in laboratory
and tank scales. MgH, doped with TiF; and activated carbon (AC) demonstrates the
notable reduction in dehydrogenation temperatures, although incomplete
hydrogenation during sample preparation degrades hydrogen capacity to 4.4 wt. % H,.
Improvements are made by increasing the number of hydride beds and inserting the
stainless-steel mesh tubes at the tank center. This enhances hydrogen permeability
and de/rehydrogenation kinetics. Initial cycles exhibit gravimetric and volumetric
capacities of 4.46 wt. % H; and 28 gHy/L, respectively. Upon cycling, the capacities
stabilize at 3.42-3.62 wit. % H, and 22-23 gH,/L, respectively. Despite homogeneous
heat transfer along the tank radius, the decayed hydrogen permeability towards the
tank wall results in inferior kinetics. Challenges relating fo particle sintering and/or

agelomeration upon cycling are responsible for the inferior hydrogen content.

MgH, doped with NbF; and 5-10 wt. % MWCNTs exhibits superior
de/rehydrogenation kinetics in tank scale. Optimal performance is observed at the
middle positions due to effective heat supply and hydrogen diffusion. Increasing
MWCNTs content up to 10 wt. % significantly improvs hydrogen de/absorption kinetics
at all tank positions. This elevates the hydrogen capacities over mullipte cycles.
Suggestions for tank design and fabrication with superior heat exchanger and gas

diffusion pathways are proposed to address these issues.

Additionatly, the experimental study of coupled MgH,-Nb,Os-Graphite (HTMH)
with LaNisHg (LTMH) thermochemical storage is carried out. The temperature, pressure,

and H, flow rate behaviors during the heat storage/release reaction, energy storage



v

and H, flow rate behaviors during the heat storage/retease reaction, energy storage
density as well as the cycling stability are investigated. Thermal storage system
demonstrates stability over 16 heat storage cycles. Hydrogen contents exchanged
between HTMH and LTMH are up to 4.14 + 0.2 wt. % H,. Approximately 86% of the
theoretical capacity of HTMH (4.78 wt. % H,) participates in the heat storage cycles.
The obtained heat storage densities during discharging and charging are 1406 + 31 and
1513 = 36 ki/kg, respectively. The calculated heat storage density based on
temperature changes of the heat transfer fluid (compressed air) used during heat

discharging is 1583 + 91 kl/ke.
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