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Abstract

The Alklysis process is a chemical looping combustion (CLC) system designed for on-
demand hydrogen (Hs) production, utilizing magnetite (Fe3O4) as an oxygen carrier and
methane (CHy) as a fuel source. The process involves two key reactions: reduction of
Fe30,4 with CHy to produce metallic iron (Fe), carbon dioxide (COs), and water, followed
by steam oxidation of Fe to regenerate Fe3O4 and produce Hy. The net reaction (CHy +
2H30 —— COq + 4 Hy) theoretically yields 4 moles of Hy per mole of CHy, with a practical
yield of approximately 3 moles. While initially proposed for onboard hydrogen generation in
fuel cell vehicles, the high operating temperatures (700-900°C for reduction, 450-600°C for
oxidation) and kinetic limitations make it more suitable for stationary applications. Alklysis
achieves a theoretical lower heating value (LHV) efficiency of up to 97% and a practical
efficiency of 91%, surpassing steam methane reforming (70-85%). This paper details the
reaction mechanisms, thermodynamics, kinetics, efficiency, and applications in stationary
power generation, aerospace, and industrial settings.

1 Introduction

Hydrogen fuel cell vehicles offer zero-emission transportation but face challenges in Ha produc-
tion, high-pressure storage (700 bar), and infrastructure limitations. Compressed natural gas
(CNG) vehicles, while leveraging existing infrastructure, achieve only 30-40% efficiency and
emit CO2. The Alklysis process addresses these issues through a chemical looping combustion
(CLC) system that produces Hy from CH4 and water, using FesO4 as an oxygen carrier. Op-
erating at 700-900°C for reduction and 450-600°C for oxidation, with Ni catalysts to enhance
kinetics and AlsOg to prevent clumping, Alklysis is compact but faces challenges for onboard
vehicle integration due to thermal and kinetic constraints. This paper evaluates its feasibility,
emphasizing stationary applications such as power generation and aerospace propulsion, where
heat management is more practical.

1.1 Competitive Advantages

Alklysis offers several advantages, particularly for stationary systems:

e High Efficiency: Achieves 85-90% Hs yield and 91% LHYV efficiency, surpassing steam
methane reforming (70-85%).

e CO2 Capture: Enables onboard CO4 sequestration, reducing emissions.

e Compact Design: Suitable for integration into stationary power systems or aerospace
platforms.

e Low Infrastructure Needs: Produces Hy on-demand, minimizing reliance on central-
ized Hy distribution.



Table 1: Comparison of Alklysis with Industry Standards

Parameter Alklysis Steam Methane Reforming CNG Vehicles
Efficiency (LHV) 91% 70-85% 30-40%
Operating Temperature 450-900°C 700-1000°C N/A

CO2 Emissions Captured High Moderate
Infrastructure Onboard Centralized Existing

2 Alklysis Process Description

The Alklysis process consists of two primary reactions in a single chamber, utilizing powdered
Fe3Oy4, Ni catalysts, and AloO3 as an anti-clumping agent. The reduction step occurs at 700—
900°C, and the oxidation step at 450-600°C.

2.1 Step 1: Reduction of Magnetite with Methane

Magnetite (Fe3Oy) is reduced to metallic iron (Fe) using methane (CHy), producing COy and
water:

FesO4 + CHy —— 3Fe + CO9 +2HO AH = +316.1 kJ/moI (1)

This endothermic reaction requires 700-900°C for practical rates, with an activation energy
of approximately 178 kJ/mol [4]. Variants producing syngas (CO + Hs) or partial reduction
to FeO are more common in chemical looping combustion but less desirable here [1, 2]. Ni
catalysts enhance kinetics, and high CHy concentrations favor complete reduction to Fe [8].

2.2 Step 2: Steam Oxidation of Iron

Metallic iron is oxidized with steam to regenerate FesO,4 and produce Ha:

3Fe 4+ 4Hy0O — Fe3O4 +4Hy AH = —151.2kJ/mol (2)

This exothermic reaction operates at 450-600°C, with FesOy4 as the stable product under

anaerobic conditions [12]. Catalysts like Pd or ZrOj can improve kinetics [14]. Variants forming
Fey03 or FeO occur at different conditions but are avoided here [10, 11].

2.3 Net Reaction
Combining the steps yields:

CHy 4 2Hy0 — CO3 +4Hy  AH = +164.9kJ /mol (3)

This net reaction matches the stoichiometry of steam methane reforming with water-gas
shift, producing 4 moles of Hy per mole of CHy theoretically [15].

3 Efficiency Analysis

3.1 Hydrogen Yield

The theoretical hydrogen yield is 4 moles of Hy per mole of CHy, based on the net reaction
stoichiometry:

4 moles Hy

Hyd Yield = ————=
yarogen 1ie 1 mole CHy

= 4 moles Hy per mole CHy

2



In practice, inefficiencies such as incomplete reactions or syngas formation reduce the yield
to approximately 3 moles of Hy per mole of CHy, corresponding to 75-85% of the theoretical
maximum [23].

3.2 Energy Efficiency

Energy efficiency is calculated using lower heating values (LHV): 241.8 kJ/mol for Hy and 802.3
kJ/mol for CHy.
Theoretical Efficiency: For 4 moles of Hs:

Energy output = 4 x 241.8 = 967.2kJ/mol CHy

Energy input = 802.3kJ/mol CHy + @

The net reaction is endothermic (AH = +164.9kJ/mol). With optimized heat integration,
where the exothermic oxidation step offsets part of the reduction heat requirement, the external
heat input @ is minimized. Theoretical efficiency reaches:

967.2
802.3 + minimal @

Practical Efficiency: For a practical yield of 3 moles of Hs:

Efficiency ~ x 100% =~ 97%[22]

Energy output = 3 x 241.8 = 725.4kJ/mol CHy4

725.4
Effici = 100% =~ 90.4% ~ 91
clency = oooma X % % %

This aligns with reported efficiencies for chemical looping systems [23].
Metric Theoretical | Practical
Hydrogen Yield (moles Hy per mole CHy) 4 ~ 3
Energy Efficiency (LHV basis) Up to 97% ~ 91%

Table 2: Hydrogen Yield and Energy Efficiency of the Alklysis Process

4 Applications

The Alklysis process is best suited for stationary and industrial applications due to its high
temperature requirements and kinetic limitations, which pose challenges for onboard EV inte-
gration. Key applications include:

e Stationary Power Generation: Provides Hy for fuel cell-based power systems in remote
or off-grid locations, leveraging renewable heat sources [21].

e Aerospace Propulsion: Supplies Hy for fuel cell-powered aircraft or rocket propulsion,
where compact Ho generation enhances mission flexibility.

e Industrial Hydrogen: Supports Hs production for chemical plants, refineries, or steel-
making, integrating with existing CHy infrastructure.

e Telecom and Infrastructure: Powers fuel cell systems for remote telecom towers,
broadband repeaters, or railroad crossings, replacing diesel generators.



4.1 Limitations for Electric Vehicles

While initially proposed for EVs, the Alklysis process faces significant challenges:

e Thermal Management: High temperatures (700-900°C) require electric heating, re-
ducing efficiency compared to lithium-ion batteries [16].

e Kinetics: The reduction step’s high activation energy (178 kJ/mol) slows Hs production,
unsuitable for on-demand EV needs [7].

e Material Handling: Solid Fe and Fe3O4 circulation increases system complexity and
weight [18].

e CO2 Emissions: Onboard COq capture is feasible but adds complexity [19].

Lithium-ion batteries ( 90% efficiency) and compressed Hy systems are more practical for
EVs, while Alklysis excels in stationary settings with renewable heat integration [15, 21].

5 Conclusion

The Alklysis process, utilizing Fe3O4-based chemical looping, offers a high-efficiency solution
for on-demand Hy production, achieving a theoretical LHV efficiency of 97% and a practical
efficiency of 91%. The cycle (CHy4 +2Hy0 —— CO9 +4 Hy) yields up to 4 moles of Hy per mole
of CHy, with a practical yield of 3 moles. While its high operating temperatures (450-900°C)
and kinetic barriers limit its use in EVs, Alklysis is highly promising for stationary power gen-
eration, aerospace, and industrial applications. Integrated COs capture and compatibility with
renewable methane enhance its environmental benefits. Future research should focus on cata-
lysts to lower temperatures and stationary systems with solar thermal integration to maximize
its potential as a sustainable Ho production technology.
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