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The thesis focusses on the utilization of Mg-based hydride materials in solid-
state hydrogen storages and batteries. Regarding solid-state hydrogen storage,
de/rehydrogenation performances and reaction pathways of nanoconfined 2LiBH,-
MgH, into activated carbon (AC) in a small hydrogen storage tank (21.7 mL) are
investigated for the first time. The study reveals total and material storage capacities
of 3.56-4.55 and 2.03-3.28 wt. % H,, respectively, upon five de/rehydrogenation cycles.
Inferior hydrogen content to theoretical material capacity (5.7 wt. % H,) is due to partial
dehydrogenation during sample preparation, incomplete decomposition of LiBH,, and
the formation of thermally stable Li,B;,H;, upon cycling. Various reaction pathways are
identified at different positions inside the tank, emphasizing the need for further
development to enhance thermal conductivity, temperature control systems, and
hydrogen pérmeability for efficient hydrogen storage.

The optimal electrical generation from fuel cells coupled with hydrogen
storage tanks based on hydrides can be achieved through consistent supply of
hydrogen over a long period of time. Dehydrogenation kinetics of hydride-based tanks
strongly depends on the operating temperatures and system pressures. A cylindrical
tank (96.2 mL) equipped with a central heat exchanger packed with TiF,-MWCNT-MgH,
(~45 g) exhibits admirable de/rehydrogenation and reversibility (5.4 wt. % H, upon 20
cycles). The optimization of kinetic properties either rapid or steady-state desorption
can be achieved by simultaneously adjusting the operating temperature and H, mass
flow rate. The performances in the axial and radial directions of the tank as well as

kinetic behaviors and rate-limiting step during dehydrogenation at different
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temperatures of 300-340 °C and H,-FR of 0.6-1.0 standard L/min of MgH,-based tank
are studied.

With regards to solid-state battery, the effects of nanoconfinement on the Mg®*
ionic conductivity of the (Mg(BHy),-NH3),(Mg(BH4),-2NH3), _, composite are explored. The
synthesis of nanoconfined Mg(BHg),-1.47NH5 in a mesoporous silica scaffold (SBA-15
with the pore size of 5.8 nm) with different degrees of pore filling (100-300 %) is done
by melt infiltration. Solid-state !'B nuclear magnetic resonance analysis confirms the
successful stabilization of the highly dynamic molten state of Mg(BH,),-1.47NH; through
nanoconfinement. The confined sample exhibits notable thermal stability up to ~100
°C. Among the confined samples, 200 % pore filling exhibits promising Mg?* ionic
conductivity of 9.1 x 107%-2.7 x 107 S-cm™ and a low activation energy of 0.69 eV at

T= 32-80 °C.
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