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ABSTRACT

World energy needs arc increasing due to the rapid rise of industrialization, technology, and the increase in
global population. The disparity between the supply of energy and the energy demand can't be contained and
is growing out of control. With negative environmental issues and severe energy deficiency owing to the
ongoing depletion of traditional fossil fuels, there is a need for new sources of energy that can substitute
conventional existing energy resources. Hydrogen has been deemed one of the most suitable renewable energy
carriers due to its advantages, including high energy density and clean emission. Chemical hydrides are a
means of storing and releasing hydrogen at near-ambient temperatures and pressures. Among chemical
hiydrides, sodium borohydride (NaBH4) plays a special role due to the high H2 content, reasonable cost, and
stability of their alkaline solutions. The hydrolysis of Sodium borohydride in the presence of suitable catalysts
releases a significant volume of pure hydrogen gas. The byproducts can be recycled and are harmless to the
environment. Sccking appropriate non-noble metal-based catalysts is a vital step needed to improve the
sluggish kinetics of the hydrolysis process. The main aim of this work is to develop novel, low-cost transition
metal-based manocatalysts from Metal-organic frameworks (MOFs)-and two-dimensional materials for
hydrogen production from the hydrolysis of Sodium borohydride (NaBH4). In developing a catalytic system
for hydrogen generation, we initially focused on Cobalt-based metal-organic frameworks, namely CoB,
CoPB-MOF, and CoNiPB-MOF. It was synthesized through a simple hydrothermal method and tested its
Hydrogen generation rate. The HGR prodnced by CoB-MOF, CoPB-MOF, and CoNiPB-MOF is found to be
1.8, 3.6, and 5.2 L/min/gm, respectively. The promising catalytic activity of MOFs could be attributed to their
high surface area, the presence of cobalt active sites, and the synergic effects of P and B.

Advancing from the promising catalytic activity of MOFs and further enhancing the catalytic efficiency,
nanostructured catalysts like nanocubes (3T)), nanorods (1D), and nanosheets (2D) are explored. They
demonstrated even higher HGR than that of Cobalt-based MOFs at lower activation energy due to is
controlled morphology, and size effect at nanoscale which alier the clectronic properties. Besides they also
provide a higher surface area to volume ratio compared to the bulk materials.

Since these catalysts are in powder form and face problems in complete recovery and practical applications,
finally, nickel foam, which has a three-dimensional porous structure, is used as catalyst support to solve these
issues. A simple yet novel molten salt synthesis was employed to develop this new CoB/NF and CoPB/NF
catalyst. The CoPB/NF could generate an HGR of ~14.2 L/min/gm at an activation energy (Ea) of 16.1
KJ/mol. This value is comparable with the HGR of noble metals like Ru NP/C (15.5 L/min/gm). The newly
synthesized catalyst was utilized to regulate hydrogen production through an ON/OFF switching mechanism.
This rescarch opens up new possibilities for the development of phospho-boride-based materials for the
hydrolysis of NaBH4 and the design of a hydrolysis reactor with improved performance for industrialization,
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