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a b s t r a c t

Materials based on La-substituted SrTiO3 perovskites doped with manganese and/or gallium for SOFC
have been studied as novel anodes for solid oxide fuel cell. La4Sr8Ti11Mn1−xGaxO38−ı (0 ≤ x ≤ 1) oxides
were synthesized by solid state reaction and the influences of the manganese and/or gallium content
on the structure, morphology, thermal properties and electrical conductivity of these materials has been
investigated. All compounds show cubic structure with a space group Pm-3m. These compounds presented
high electrical conductivity values under reducing atmosphere between 7.9 and 6.8 S cm−1 at 900 ◦C. For
the composition x ≥ 0.5, the thermal expansion coefficient in both reducing and oxidizing atmosphere
are close to that of SOFC electrolytes (8YSZ, CGD). In general, the substitution of Ga by Mn causes a
slight reduction in each of the following, lattice parameter, degree of oxygen loss on reduction, thermal
expansion coefficient, and electrical conductivity.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Solid oxide fuel cells (SOFC) have grown in recognition as a viable
high-temperature fuel cell technology able to convert chemical
energy directly into electricity with high efficiencies unattainable
from all conventional thermal engines. The high operating tem-
perature of SOFCs (>650 ◦C), allows internal reforming, promotes
rapid kinetics with non-precious materials and offers high flexibil-
ity in fuel choice. Various fuel options such as natural gas, methanol,
ethanol and gasoline are considered feasible for SOFC operation,
offering a very significant ecological dimension in the problem of
effective energy conversion [1].

Currently, the most widely used anode material used in solid
oxide fuel cells (SOFCs) is Ni-ytria-stabilized zirconia (YSZ) cermet.
This anode displays excellent catalytic properties for fuel oxida-
tion and good current collection but exhibits disadvantages such
as easy poisoning by sulphur, carbon deposition and poor oxida-
tion stability which cause volume instability. Nowadays, there are
two main SOFC alternative anode research trends to overcome all
drawbacks associated with the use of Ni-YSZ cermet [2,3]. The first
is the use of alternative cermets composed of two or three single
phase oxides. One phase provides catalytic properties, a second is
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an excellent electronic conductor and the third material can be elec-
trolyte used in the SOFC to provide stable microstructures and to
introduce ionic conductivity to extend the three phase boundary
(TPB) [4]. For example, Cu-Ni-CeO2, Cu-Co-CeO2 [5] and Ru-Ni-
GDC(Ce0.9Gd0.1O1.95) [6,7] exhibit substantially better performance
when directly operated on hydrocarbons, as well as a high resis-
tance to carbon deposition. The second option is to use alternative
materials based on fluorite, pervoskite or tungsten bronze struc-
tures [8].

Among the perovskites, La-substituted SrTiO3 materials show
high electrical conductivity in reducing atmosphere, a good
dimensional and chemical stability upon redox cycling, but the
electrocatalytic activity for H2 oxidation is very poor [9]. However,
it is possible to improve its activity introducing dopants such as
Mn and Ga in substitution on the Ti site. On the one hand, Mn is
expected to adjust its valence (+4,+3,+2) according to the oxygen
partial pressure, and thus it may stabilize the perovskite lattice in
a way similar as in La0.75Sr0.25Cr0.5Mn0.5O3−ı [10,11] (LSCM) and
(La,Sr)MnO3 (LSM) [12,13]. On the other hand, Ga is well known
to adopt lower co-ordination than octahedral in perovskite-related
oxides [1], and its cation has a fixed valence of +3. Then, the replace-
ment of Ti4+ by a cation with lower charge would force the removal
of oxygen from the structure to maintain the electroneutrality in the
crystal, thus creating local oxygen vacancies that might favour ionic
transport [14]. Therefore, the possibility to be a mixed ionic elec-
tronic conductor (MIEC) that could exhibit a higher catalytic activity
due to the ability to transporting both ionic and electronic defects.
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