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Introduction

Hydrogen-based fuel cells emit very little pollution
compared to other fossil fuels and, due to their higher
efficiency, and energy durability has been receiving
further consideration by researchers. Hydrogen is a
suitable alternative for fossil fuels and as a renewable
energy source, has potential capability for a viable
alternative fuel in the future. Moreover, this material
is more environmentally friendly than fossil fuels.
Hydrogen contains more energy per unit weight than
fossil fuels and can be used directly as a fuel, energy
storage, electricity generation or even as a chemical
feedstock [1-4]. In addition, during the combustion
and burning of hydrogen with air, water is produced
as a by-product, thus provide clean energy that is
free from harmful compounds and pollutants such
as CO, NOX, CO. Today, for hydrogen production
various methods are proposed and used including,
water electrolysis, ammonia cracking, decomposition
of hydrocarbons and other organic raw materials.
Catalytic thermal decomposition of methane is known
as one of the most effective methods for hydrogen
production, which in addition to, hydrogen production
free of COX compounds and other dangerous
components, black carbon as a value- added material
is also generated which are of great environmental and
economic importance [5-8]. In this method, hydrogen
is produced with high purity without the need for
other side processes. For thermo catalytic reaction of
hydrocarbons to hydrogen, it is needed to be selected
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and used a catalyst with high activity and stability.
Furthermore, for hydrogen production various
catalysts, including nickel, molybdenum, and alumina,
have been used, which among them metallic catalysts
have received increased consideration [9]. Albeit, metal
based catalysts toward carbon materials have very high
initial conversion rates for hydrocarbon reactions and
decomposition, but owing to the formation of metallic
carbides, they become inactive rapidly over time. The
use of carbon materials as supporting can considerably
improve the catalyst activity. In addition to, carbon
catalysts are highly stable, relatively inexpensive,
and have high resistance against the toxicity of sulfur
compounds and other impurities, they have a longer
life time and activity than metal catalysts. High
surface area and micro meso pores of carbon based
material play an important role for thermo catalytic
decomposition of methane and hydrocarbons. Surface
chemistry and heteroatom’s of carbon materials are
important parameters, which can considerably affect
the catalyst performance [10-13]. And in this regard,
the role of oxygen-containing functional groups for
hydrogen production has been further highlighted.
More than 30 types of carbon materials, including
activated carbons, black carbons, nano tubes, carbon
tubes, fluoresceins, graphites, glassy carbons, and
elastomeric powders, have been studied for the use
in catalytic thermal decomposition processes, which
among them amorphous and meso pore carbons have
shown higher and more stable catalytic activity [14].
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According to the reported results, thermo catalytic
decomposition of methane to hydrogen with the use
of carbon and metallic catalysts supported on carbon
materials had a high percentage of conversion up to
94% [15].

Material and Methods

Thermo Catalytic Decomposition Method for Hydrogen
Production

In catalytic thermal decomposition, hydrocarbons are
heated in the absence of air, and following that the
hydrocarbons are broken down into pure hydrogen
and carbon free of greenhouse gases. Since methane
has the highest hydrogen to carbon ratio (4:1), thus
the lowest amount of COX compounds during steam
reforming and partial oxidation processes is produced
and released. And given that the catalytic thermal
decomposition of methane to hydrogen is free of
COX compounds and pollutants, it is known as an
efficient method and has been receiving increased
considerations by researchers [16,17]. The produced
hydrogen by catalytic thermal decomposition of
methane can be used directly as a fuel in fuel cells
and also for the production of ammonia. In addition,
the carbon produced via this method can be used for
various applications. For hydrogen production via the
catalytic thermal decomposition the metallic and carbon
based catalysts as the activated phase and supporting
should be constructed and used. Alumina, magnesium,
calcium aluminate, magnesium aluminate, and nickel
are the most common catalysts used for the thermal
catalytic cracking process of gaseous hydrocarbons,
which are supported on ceramic oxide or metal oxide.
Nickel-based catalysts are the best and most common
catalysts used for hydrogen production from steam
reforming, since they are more active and economically
more cost-effective than other metal-based catalysts.
However, nickel catalysts due to carbon deposition
are deactivated, which by modifying the surface and
the use of an effective supporting can significantly
improve the catalyst performance [18,19].

Conclusions

Hydrogen as a clean and valuable energy source is an
appropriate alternative for fossil fuels economically
and environmentally and it can be fundamentally
considered and used in critical and industrial
applications. Hydrogen contains a higher amount of
energy per unit weight than fossil fuels. The thermal
catalytic decomposition of hydrocarbons and methane
to produce hydrogen is more cost-effective than steam
reforming and other methods. During this method is not
produced, polluting compounds, or greenhouse gases,
and the solid carbon produced can be used for a variety
ofapplications. To decompose and convert hydrocarbon
gas molecules into hydrogen, the catalyst with high
activity and stability is required to be selected and
applied. Carbon based materials possessing excellent

features such as high surface area, favorable electronic
conductivity, and considering their high thermal and
mechanical resistance, as supporting metallic catalysts
have a potential capability for thermo catalytic reaction
and hydrogen production. Collectively, and as it was
mentioned for the decomposition and conversion
of hydrocarbon gas molecules into hydrogen, it is
needed to be used a catalyst with high activity and
stability. In line with this, carbon materials possessing
a high surface area, desired electronic conductivity,
along with high thermal and mechanical resistance
in combination with metals as supporting are suitable
candidates for thermo catalytic reaction.
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