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Abstract: 
Rapid population growth and technological advances have intensified energy demand, largely 
met by fossil fuels that contribute to pollution and health risks. Hydrogen, with its high energy 
density (140 MJ/kg) and zero emissions, is a sustainable alternative, and magnesium hydride 
(MgH₂) offers promise for automotive storage due to its high reversible capacity, though 
challenges such as poor sorption kinetics under PEM fuel cell conditions and oxidation 
susceptibility limit its use. A key obstacle is the “incubation” period, where oxide films delay 
hydrogen uptake and release, requiring multiple activation cycles. Our studies using dark-field 
TEM, XRD, Raman, and electron density maps from XRD have traced the reason as hydrogen 
diffusion from the bulk to the surface of Mg particles. 

Eliminating incubation enables immediate hydrogenation, and catalysts like reduced graphene 
oxide (rGO) significantly enhance performance by forming persistent Mg–C interactions that 
alter carbon hybridization, enable reversible electron transfer, weaken Mg–H bonds, and 
accelerate release, as confirmed by XRD, Raman, XPS, and FTIR. Further improvements arise 
from dual catalysts: Mg–Ni–rGO nanocomposites show negligible incubation and lower 
release onset temperatures (350 → 275 °C) due to synergistic Ni–C interactions and residual 
metallic Ni, while Mg–B–rGO systems exploit B as a charge donor to expand the Mg unit cell 
and reduce incubation, collectively demonstrating how multi-catalyst strategies advance 
Mg-based hydrogen storage toward practical vehicular applications. 
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