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a b s t r a c t

The influence of low partial pressure of hydrogen on carbon nanofibers (CNFs) properties has been stud-
ied in the synthesis by methane catalytic decomposition, with the purpose of using them in polymer
electrolyte fuel cells as electrocatalyst support. Using CNFs in this kind of application presents a good
perspective to improve the fuel cell overall performance. CNF growth in the catalytic decomposition of
methane and the characteristics which are typically required in a carbonaceous support, are influenced
by hydrogen concentration, which has been studied at different temperatures. The textural, morphologi-
cal and structural characteristics of the obtained CNFs have been determined by nitrogen physisorption,
X-ray diffraction, electron microscopy and thermogravimetry. Electrical conductivity of CNFs has been
measured compressing the powder and using a two-probe method. It was observed that low values of par-
tial pressure of hydrogen in methane influence positively structural ordering of CNFs, and in turn improve
electrical conductivity, with a slight influence on textural properties leading to highly mesoporous carbon.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction

Fuel cell systems are attracting more and more attention in
recent years as important energy converting devices in a medium-
long term future. Among the several existing types, polymer
electrolyte fuel cells (PEMFC and DMFC) have favorable advantages
in transport, portable and micropower applications in terms of high
efficiency, high energy density, quick start-up and zero or low emis-
sion.

Although great progress has been made in the last years, the
commercialization of this technology has several technical and eco-
nomical barriers that must be addressed in terms of cost, durability
and performance. The reduction of the required platinum load-
ing has always been the main focus of PEMFC electrode research
and development, both for reasons of cost and availability. Cur-
rent electrodes have Pt loadings in the order of 0.4 mg cm−2. The
challenge remains in decreasing Pt loading up to 0.15 mg cm−2 or
less, while maintaining or even increasing the performance and
durability [1,2].

Currently, carbon black supports (Vulcan XC-72R, Black Pearls
2000, etc.) are widely used as platinum support, but recent publica-
tions indicate the possibility to improve the efficiency, reducing the
Pt loading of the electrocatalysts, by using novel carbon supports,
such as ordered mesoporous carbons [3–5], carbon aero- and xero-
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gels [6–9], carbon nanofibers (CNFs) [10–13] and carbon nanotubes
(CNTs) [13,14].

Carbon nanofilaments (CNFs and CNTs) have an excellent com-
bination of chemical and physical properties due to their unique
structure, and blend two properties that rarely coexist in a mate-
rial: high surface area and high electrical conductivity [13,15,16].
Other advantage is that the catalytic nanoparticles on the external
walls are easier to interact with the gases than those in the inter-
nal pores of a carbon black [17]. In both materials (CNFs and CNTs)
graphite sheets form filaments with an external diameter between
a few nanometers and about one hundred nanometers, but they
differ in the manner by which those sheets are arranged. In a CNT,
a cylinder is formed by a single sheet of graphite (single wall or
SWNT) or by several concentric sheets with an increasing diame-
ter (multi-wall or MWNT). However, CNFs are formed by graphite
sheets forming a determined angle with respect to the growth axis.
The main difference consists in the lack of a hollow cavity in CNFs
[18].

Unlike in CNTs, the surface of CNFs is mainly present as graphite
edges which are thought to give a strong interaction between the
support and the active phase [19]. Additionally, the low cost and
high yield of CNF production compared with CNT production would
allow industry to produce high quantities of CNFs at reasonable
prices [20].

The production of carbon nanofibers can be performed by
decomposition of a carbon-containing gas (CH4, C2H4, CO, etc.) over
catalysts traditionally composed by metals of the iron subgroup
(Fe, Co or Ni e.g.) and their alloys, at temperatures ranging from
400 ◦C to 1000 ◦C [15,21]. Several studies concern the relationship
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