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a b s t r a c t

The present work analyses bimetallic Cu–Ni formulations, in comparison to monometallic Cu ones, com

bined with CeO2 or other structurally related mixed oxides resulting from doping of the former with

Gd or Tb, focusing to its possible use as anodes of solid oxide fuel cells (SOFC) for direct oxidation of

methane. The main objective is the characterization of the various formulations at structural level as well

as with regards to the redox changes taking place in the systems upon interaction with methane, in order

to evaluate the effects induced by the presence of dopants. In the same sense, an analysis of thermal

expansion and electrical properties of the systems is performed, considering its possible implantation

in SOFC single cells. For the mentioned purposes, the systems have been analysed by means of CH4TPR

tests subsequently followed by TPO tests, as well as by XRD, Raman and XPS, with the aim of exploring

structural and redox changes produced in the systems and the formation of carbon deposits during such

interactions. The results reveal significant modifications in the structural, catalytic/redox and electrical

properties of the systems as a function of the presence of Ni and/or Gd and Tb dopants in the formulation.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Solid oxide fuel cells (SOFC) are galvanic devices most interest

ing from environmental and energetic points of view due to their

high efficiency for conversion from chemical to electrical energy

and their high versatility towards employment of various types

of fuels [1]. Classical systems of this type involve the employ

ment of thin YSZ electrolytes with an anode typically based on

Ni–YSZ cermets and can attain an energetic efficiency close to

70% operating at relatively high temperature (800–1000 ◦C) with

hydrocarbon reforming mixtures as fuel [1–3]. This efficiency can

be theoretically increased by employing direct hydrocarbon oxida

tion conditions instead of fuel mixtures resulting from reforming

[4]. However, the classical anode of nickel could easily be deacti

vated under those conditions as a consequence of the formation of

carbonaceous deposits due to the relatively good activity of nickel

for hydrocarbon cracking [5–8]. Different alternatives were devel

oped in this respect to overcome such deactivating effect. Murray

et al. [6] successfully operated a cell on dry methane by employ

ing a nickelcontaining ceriabased anode at relatively low reaction

temperature (650 ◦C). In turn, such ceriacontaining anode could in
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principle be compatible with electrolytes able to operate at inter

mediate temperatures (500–700 ◦C) like gadoliniumdoped ceria

(CGO) [1].

However, the nickelbased anode can be less suitable when less

refractory, more easy to be cracked hydrocarbons are employed as

fuel [5,7,8]. A more versatile alternative was developed by Gorte and

coworkers and consisted in employing anodes including mixtures

between copper and cerium oxide [5,7,9–16]. Such configuration

has demonstrated to be able to employ a large diversity of hydro

carbon fuels (methane or longer chain ones and even aromatics)

under direct oxidation conditions and displaying a reasonable sta

bility [4,7,11]. However, although it could in principle perform well

at intermediate temperatures, the copper anode can present sev

eral limitations related to its relatively low melting temperature,

which can make difficult the fabrication of Cu cermets and affect

the anode stability when operating at high temperature [16,17], as

well as to its poor performance for hydrocarbon activation [4,16].

An interesting alternative in this sense consists in employing bi or

multimetallic anode formulations [4,18,19].

In this context, the present work explores the properties of

bimetallic Cu–Ni configurations, considering the higher thermal

stabilities and chemical reactivity of nickel with respect to copper,

for direct methane oxidation, using a basic copperceria con

figuration as the starting reference material. The effects of the

modifications of the properties of ceria that occur upon doping with
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