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Introduction

The oxygen reduction reaction (ORR) is one of the most
crucia factors determining the performance of the proton
exchange membrane fuel cell (PEMFC) because of its ki-
netic sluggishness. Although platinum-based materials
have been investigated as active catalysts for the ORR,
the noble metal catalysts and their alloys can hardly meet
the demands for widespread commercialization of the fuel
cells because of their high costs and limited supply.
Therefore, lots of attentions have been paid to non-
precious metal catalysts as an dternative to the platinum-
based catalysts.*

To date, metal/nitrogen/carbon (M/N/C) catalysts ob-
tained from the pyrolysis of their precursors are the most
promising non-precious metal catalysts for the ORR.%*
However, PEMFCs with the M/N/C cathode catalysts
have not yet shown sufficient power output to replace the
platinum-based catalysts.

In order to improve the activity of the M/N/C catalysts,
we focused on verticaly aligned carbon nanotubes
(VACNTY) as the catalyst support. It was reported that the
Pt catalyst supported on VACNTSs showed the superior
PEMFC performance to that on carbon black.” The
aligned support structure mainly improves the mass trans-
port of oxygen to the Pt catalyst, leading to the reduction
in the concentration overvoltage.

In this study, we fabricated cobalt/N/C catalysts on the
aligned carbon support which possesses a vertically
aligned carbon nanowall (CNW)-like structure. The fabri-
cation method, structure, and ORR activities of the
Co/N/C catalysts supported on the CNWs are discussed.

Experimental

The CNWs were formed by annealing a 4H-SiC (0001)
wafer at 1800°C in vacuum.® Each CNW is mutually sup-
ported and grown perpendicularly to the SiC substrate, as
shown in Fig. 1. The aligned CNW layer has a typical
thickness of ~1um and inter-wall distances of about sev-
eral tens of nanometers.

The M/N/C catalysts were electropolymerized on the
aligned CNWs. The aqueous solution used for the polym-
erization contains pyrrole and cobalt acetate. In the solu-
tion, cobalt ions are likely coordinated with nitrogen at-
oms of pyrrole. Therefore, the electropolymerization pro-
duces the cobalt-coordinated polypyrrole. The resulting
cobalt-coordinated polypyrrole on the CNWs was heated
at 800°C in the inert environment. Since this heat treat-
ment causes the carbonization of the polypyrrole, the
Co/N/C catalysts on the CNWs were obtained. The cata-
lyst loadings were controlled by varying the accumulated
charge density in the electropolymerization.

The ORR activities of the synthesized catalysts were
evaluated by linear sweep voltammetry using a conven-
tional three-electrode cell. 1 M HCIO, (ag) was used as an
electrolyte. The catalyst, a platinum wire, and reverse hy-
drogen electrode (RHE) were utilized for the working,
counter, and reference electrodes, respectively. The cur-

rent density measurements were carried out both in O,-
and N,-satureted solutions. The ORR current density was
calculated by subtracting the current measured in the No-
saturated solution from that in the O,-saturated solution.
As a comparison, the current density measurements were
also performed for the CNWs without the catalysts and
the Co/N/C catalysts on aplanar glassy carbon (GC).

Resultsand discussion

Fig. 2 summarizes the ORR activities obtained for dif-
ferent samples. Since catalysts on the CNWs and GC
themselves showed negligible ORR activity, the observed
activity is due to the Co/N/C catalysts. Irrespective of the
carbon supports (e.g.,, CNWs and GC), the ORR occurred
from about 0.7 V for the Co/N/C catalysts. However, the
catalysts on the CNWs showed larger current densities
than those on the GC below a potential of 0.7 V. Thisre-
sult indicates that the aligned CNW support enhances the
ORR activity of the Co/N/C catalysts. Although the large
surface area of CNWSs contributes the enhancement, the
effective transport of oxygen by the vertically aligned
structure aso would affect it.

We have preliminary shown that the formation of non-
precious metal catalysts on an aligned carbon support is
effective to enhance the catalytic activity. Further im-
provements will be described on the fabrication and per-
formance of the M/N/C catalysts on the CNWs.
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Fig. 2 ORR catalytic activity in 1 M HCIO, (aq)
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