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Abstract

Ammonia (NHs) is increasingly recognized as a practical hydrogen
carrier for the low-carbon energy transition, combining a high
volumetric hydrogen density with mature production, storage
and transport infrastructure. Converting stored ammonia back
into usable hydrogen, however, requires catalytic decomposition
(cracking) steps that remain limited by reaction kinetics, energy
demand and downstream purification needs. This work reviews
the catalytic and reactor engineering strategies currently shaping
the ammonia-to-hydrogen conversion route, with emphasis on
technologies capable of delivering fuel-cell-grade hydrogen. A
critical survey of recent peer-reviewed literature was conducted,
focusing on catalyst formulations for NHs decomposition, reactor
architectures for process intensification and hydrogen separation/
purification approaches. Comparative catalytic performance data
(activity, operating temperature, stability) and reactor design
parameters were compiled to identify the most promising near-
term technology combinations. Ruthenium-based catalysts
continue to show the highest intrinsic activity for ammonia
decomposition, but their cost has driven substantial research into
earth-abundant alternatives based on nickel, cobalt and iron, often
enhanced through bimetallic compositions, engineered supports
and nanostructuring to approach Ru-like performance at lower
cost. On the reactor side, membrane reactors, microreactors,
fluidized-bed systems and plasma-assisted configurations offer
routes to overcome the equilibrium and heat-transfer limitations
of conventional fixed-bed crackers. Among these, hydrogen-
selective membrane integration stands out: by continuously
removing H> from the reaction zone, it shifts equilibrium toward
higher NHs conversion and allows operation at lower effective
temperatures, reducing both energy input and downstream
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purification burden. The comparative catalyst performance data with a growing focus on nanomaterials, sustain-
. . . .. . . 1 hnologi 1
compiled in this study indicate that catalyst lifetime, active- able energy technologies, catalyst and reactor
. . o technologies for ammonia-based hydrogen car-
metal loading and support architecture are decisive factors riers, bridging materials synthesis with applied
for scale-up, while techno-economic considerations show energy-system integration.

that overall system viability depends strongly on coupling the
cracking unit with efficient thermal management and, where
possible, renewable electricity input. Catalyst design and reactor
engineering are converging toward integrated solutions in which
membrane-assisted cracking, paired with durable, cost-effective
catalysts, offers the most realistic near-term pathway to fuel-
cell-grade hydrogen from ammonia. Continued progress will
depend on coordinated advances in catalyst stability, process
intensification and system-level integration of production,
cracking and purification stages.
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