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Abstract

Hydrogen production is a critical challenge in the transition to sustainable energy. Current meth-
ods, such as steam methane reforming (SMR) and electrolysis, either require extensive infrastructure
or incur high energy costs. We propose Alklysis, a novel methane-based hydrogen production
process using iron oxide reduction, optimized for vehicular applications. This process integrates
methane (CH4) with iron(III) oxide (Fe2O3) in a high CO2 environment, followed by a secondary
water-gas shift reaction to maximize hydrogen yield. This approach minimizes reliance on external
water sources, operates efficiently at automotive scales, and facilitates hydrogen generation within
onboard fuel cell systems.

1 Introduction

Hydrogen-powered vehicles face challenges in storage, distribution, and production. Traditional methods
such as compressed hydrogen tanks and SMR demand extensive infrastructure. Alklysis leverages the
following reaction pathway to enable onboard hydrogen generation:

3 Fe2O3 + 11CH4 −−→ 2Fe3C+ 22H2 + 9CO (1)

Followed by the water-gas shift reaction to extract additional hydrogen:

CO + H2O −−→ CO2 +H2 (2)

This process optimizes hydrogen production while capturing carbon within iron carbide (Fe3C) and
converting residual CO into CO2 using steam.

2 Chemical Equilibria and Reaction Conditions

The reduction of hematite by methane occurs at high temperatures (700 − 900◦C) and is governed by
the equilibrium constant Keq:

Keq =
[Fe3C][H2][CO]

[Fe2O3][CH4][CO2]
(3)

For efficient hydrogen separation, the equilibrium must be shifted by controlling CO2 levels and
utilizing catalysts like Al2O3 or Ni. The secondary water-gas shift reaction, catalyzed by Fe-based or
Cu-Zn catalysts, further enhances H2 production.

3 Energy and Efficiency Considerations

The feasibility of Alklysis for vehicular applications depends on thermal energy management. The energy
required to sustain reaction temperatures is supplemented by:

• Partial combustion of CH4 to provide initial heat.

• Integration with solid-state AlH3 battery systems.

• Use of high-efficiency thermoelectric elements.
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The overall efficiency η of the process is:

η =
EH2

ECH4 + Ethermal
(4)

Where EH2 is the energy from extracted hydrogen, ECH4 is the input methane energy, and Ethermal

accounts for additional heating requirements.

4 Comparison to Existing Methods

Method Hydrogen Yield Efficiency Infrastructure Need
Steam Methane Reforming High 60-70% High

Electrolysis Medium 50-60% Very High
Alklysis (Proposed) High 70-80% Low

Table 1: Comparison of Alklysis with other hydrogen production methods.

5 Conclusion

Alklysis presents a viable solution for hydrogen generation in fuel cell vehicles, reducing infrastructure
dependency while achieving higher efficiency than conventional methods. Future work includes prototype
development and integration with onboard energy systems.
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