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a b s t r a c t

A new process to obtain hydrogen from water using aluminum in sodium aluminate solutions is described
and compared with results obtained in aqueous sodium hydroxide. This process consumes only water and
aluminum, which are raw materials much cheaper than other compounds used for in situ hydrogen gen-
eration, such as hydrocarbons and chemical hydrides, respectively. As a consequence, our process could
be an economically feasible alternative for hydrogen to supply fuel cells. Results showed an improvement
of the maximum rates and yields of hydrogen production when NaAlO2 was used instead of NaOH in
aqueous solutions. Yields of 100% have been reached using NaAlO2 concentrations higher than 0.65 M
and first order kinetics at concentrations below 0.75 M has been confirmed. Two different heterogeneous
kinetic models are verified for NaAlO2 aqueous solutions. The activation energy (Ea) of the process with
NaAlO2 is 71 kJ mol−1, confirming a control by a chemical step. A mechanism unifying the behavior of Al
corrosion in NaOH and NaAlO2 solutions is presented. The application of this process could reduce costs
in power sources based on fuel cells that nowadays use hydrides as raw material for hydrogen production.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

There is an urgent demand to implement renewable and clean
fuel alternatives to satisfy the energetic demand of the 21st cen-
tury due to fossil fuel depletion and to the importance of reducing
emissions of greenhouse and polluting gases, responsible of harm-
ful effects like the climate change. Hydrogen is a non-polluting fuel
and a clean energy vector that can be consumed in a fuel cell, con-
verting chemical into electrical energy with high performance in
mild conditions. Fuel cells are attractive devices for many types of
stationary and mobile applications, such as electric vehicles and
portable electronic devices, due to their high energy densities [1].
However, the development of effective methods for hydrogen pro-
duction and storage are an indispensable requisite to fulfill these
expectations [2,3].

Hydrogen generation from reaction of chemical hydrides in
aqueous solutions has reduced hydrogen storage volume and/or
weight in comparison to conventional systems such as high pres-
sure or cryogenic storage [4]. Among these chemicals, sodium
borohydride (NaBH4) has been proved to be safe and able to reach
a gravimetric hydrogen capacity of 21.3%. The hydrolysis reaction
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of sodium borohydride can be significantly accelerated by addition
of acids or certain metal salts with catalytic effect. Nevertheless,
sodium borohydride has some disadvantages: it is unstable and
sensitive to moisture in the air and it is an expensive raw mate-
rial (55 $ kg−1) [5] as compared to current fossil fuels prices, which
are nowadays the most used raw materials in hydrogen production.

On the other hand, among the different metals that can react
with aqueous solutions to generate hydrogen, aluminum and its
alloys have been recognized among the most suitable materials for
the development of future processes of hydrogen production [6].
Aluminum can be stored and transported in a much simpler, safer
and cheaper way than hydrogen. It is stable under usual conditions
and much less expensive than sodium borohydride: the price of
aluminum powder (3 $ kg−1) is 10–20 times lower than the price of
sodium borohydride [7,8].

The reactions of aluminum with aqueous solutions of sodium
hydroxide have been previously studied [9–12]:

2Al + 6H2O + 2NaOH → 2NaAl(OH)4 + 3H2 (1)

NaAl(OH)4 → NaOH + Al(OH)3 (2)

2Al + 6H2O → 2Al(OH)3 + 3H2 (3)

Initially, the hydrogen generation reaction (1) consumes sodium
hydroxide, but when the aluminate concentration exceeds the satu-
ration limit, aluminate undergoes a decomposition reaction (2) that
produces a crystalline precipitate of aluminum hydroxide with the
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