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a b s t r a c t

Ammonia is a possible candidate as the fuel for SOFCs. In this work, the influence on the performance
of a tubular SOFC running on ammonia is studied. Analysis of open circuit voltages (OCVs) on the cell
indicated the oxidation of ammonia within a SOFC is a two-stage process: decomposition of the inlet
ammonia into nitrogen and hydrogen, followed by oxidation of hydrogen to water. For comparison, cell
was also tested with hydrogen as the fuel and air as oxidant at different temperatures showing a similar
behaviour. The performance of the cell tested under various conditions shows the high potential of
ammonia as fuel for SOFCs.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Current SOFC technology based on oxide ion conductors, such
as yttria stabilised zirconia (YSZ) and doped ceria is well estab-
lished. There are, however, still problems hindering their practical
development, such as store and hydrogen distribution, material
incompatibilities and coking within the anode compartment when
using hydrocarbon fuels [1].

Recently, some investigations have been focused on the devel-
opment of new anode materials, in which nickel is replaced
by other metal, in order to avoid coke formation [2,3]. A little
progress has been made in this sense. Other interesting option
to accelerate the commercialisation of SOFCs may be the explo-
ration of possible alternative fuels, being ammonia a suitable
choice [4].

Ammonia is a good hydrogen carrier and is carbon free. It might
be a fine substitute for hydrogen and hydrocarbons for the following
reasons. The price of ammonia is as competitive as hydrocarbons.
It can be easily liquefied, the volumetric energy density of liquefied
ammonia is higher than that of liquid hydrogen, which is useful
in transport and storage. Furthermore, ammonia is less flammable
compared with other fuels and the by-products of its cell reaction
are merely nitrogen and water, so no greenhouse gases are emit-
ted as with hydrocarbons and there are no concerns about anode
coking. On the other hand, although ammonia is toxic, the leakage
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can be easily detected by human nose under 1 ppm, so there are no
severe safety concerns.

As an indirect fuel for fuel cells operated at low tempera-
tures, ammonia has been extensively researched [5–7], but there
are significant barriers to be overcome for successful commercial
implementation. Direct utilisation of ammonia in SOFCs should be
more seriously considered, but there are only a few reports in this
area. Wojcik et al. [8] first tried to directly fuel yttrium-stabilised
zirconia (YSZ) based SOFCs with ammonia and using Pt as elec-
trodes, a maximum power density of 50 mW cm−2 was obtained at
800 ◦C. Staniforth and Ormerod [9] indicated that ammonia com-
pletely decomposed at Ni-YSZ anode and no nitrogen oxide was
produced at the anode when oxygen-ions transferred from cathode
to anode. Some protons-conducting SOFCs also have been inves-
tigated [10,11], but as a more mature commercialised system, YSZ
based SOFCs still deserve further investigations. Recent studies have
been focused on evaluating the benefits of using ammonia as a sus-
tainable fuel for mobile and remote applications based on fuel cell
technology [12].

The main purpose of this work was to evaluate if ammonia might
be used as direct fuel for SOFC without reducing its performance,
in comparison with hydrogen. For that, a wide range of composi-
tions for anodic feeding, combining hydrogen and ammonia, has
been studied until total ammonia replacement of hydrogen in the
stream.

The feasibility of operating a SOFC with hydrogen streams con-
taining low ammonia concentrations (up to 1000 ppm), similar to
a hydrogen stream obtained by a catalytic reforming process, have
been demonstrated in our previous researches [13].
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