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a b s t r a c t

Omitting the influence of the addition of carrier gas to the reaction system for hydrogen production by bio-
ethanol steam reforming can lead to wrong conclusions, especially when it is going to be made to scale.
The effect of carrier gas addition to produce hydrogen using bio-ethanol steam reforming to feed fuel cells
was evaluated. Thermodynamic calculations in equilibrium conditions were made, however the analysis
derived from them can also be applied to kinetic conditions. These calculations were made by using
the Aspen-HYSYS software at atmospheric pressure and different values of temperature, water/ethanol
molar ratios, and inert (argon)/(water/ethanol) molar ratios. The addition of inert carrier gas modifies
the concentrations of the reaction products in comparison to those obtained without its presence. This
behavior occurs because most of the reactions which take place in bio-ethanol steam reforming have a
positive difference of moles. This fact enhances the system sensitivity to inert concentration at low and
moderated temperatures (<700 ◦C). At high values of temperature, the inert addition does not influence
the composition of the reaction products because of the predominant effect of inverse WGS reaction.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Hydrogen is a clean and efficient fuel from an energetic point
of view, but its handling has some technological problems which
still have not been solved appropriately. The ethanol produced from
biomass (energetic crops and harvest wastes) is a renewable fuel of
easy handling, transport and storage. These characteristics make
bio-ethanol an environmentally friendly alternative compared to
fossil fuels, whose usage for many years has caused several environ-
mental problems. In addition to this, bio-ethanol can be used as a
hydrogen chemical storage [1,2]. The hydrogen can be released from
bio-ethanol by chemical reaction, for example by catalytic reform-
ing. Most of the research on hydrogen production for to feed fuel
cells using bio-ethanol steam reforming has been focused on the
development of different catalysts based on non-noble metals, Ni,
Mn, Fe, Zn, Co, Zr and La [3–8] or noble metals [9].

The objective of bio-ethanol steam reforming is to produce a
hydrogen-rich gas which will be able to feed fuel cells, especially
PEFCs (polymer electrolyte fuel cells) [10]. For this fuel cell type,
the fuel must have a low quantity of carbon monoxide (CO) because
this gas causes platinum electrode poisoning. Hence, it is desirable
that a smaller quantity of CO will be produced in the reforming
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process. Otherwise, it would be necessary to include some hydrogen
purification stages.

Another reaction product that is of interest for this process is
the methane, because this molecule contains hydrogen atoms in
its structure and their presence in the reaction products reduces
the hydrogen yield in the process. However, the methane content
in the feeding of fuel cells is not an operating drawback for high
temperature fuel cells like SOFCs (solid oxide fuel cells), which can
process this substance electrochemically.

Because of the technological importance of the composition of
the reaction products in ethanol steam reforming in fuel cells appli-
cations, an analysis of inert carrier gas addition (whose usage is very
frequent in catalysts evaluation) was made in this study.

2. Thermodynamic considerations

The following reactions can take place in the water–ethanol
reaction system in equilibrium conditions:

2CH3CH2OH ↔ 3CH4 + CO2 (1)

CH3CH2OH ↔ CH4 + CO + H2 (2)

CH3CH2OH + 3H2O ↔ 6H2 + 2CO2 (3)

CH4+2H2O ↔ CO2 + 4H2 (4)

CO + H2O ↔ CO2 + H2 (5)
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