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Electro-oxidation of Methanol by Multi-metal Catalysts
Supported on Carbon Nanotubes
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Synthesized by polyol process, platinum (Pt)-based di- and tri-
metallic nanoparticles supported on multi-walled carbon nanotubes
(MWCNTs) were developed as electrocatalysts for the oxidation of
methanol.  Structural information of the metal nanoparticles
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cylindrical nanostructure of graphitic carbon with high surface area as well as unique
mechanical and electrical properties, has recently been proved to be a good supporting
material for Pt-based electrocatalysts (7,8). Several techniques, including electro-
deposition (7,9), sodium borohydride (NaBHa) reduction (10), and polyol process (11,12),
have been utilized to prepare a variety of metal catalysts supported on either single-
walled carbon nanotubes (SWCNTSs) or multi-walled carbon nanotubes (MWCNTs) for
numerous applications, especially the use as DMFC anodic materials. Polyol process,
one of the simple syntheses, employs poly alcohol (e.g., ethylene glycol or glycerol) as a
solvent and a reducing agent to produce metal nanoparticles deposited on CNTs
(metal/CNTs) from the metallic cation precursor—-CNT mixture. Since this process
requires mild synthetic conditions, i.e., relatively low refluxing temperature and
comparatively non-toxic reagent, it has become preferable approach for obtaining metals
deposited on CNTs. Therefore, in this research, we have focused on developing di- and
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ras refluxed to settle the meta/ MWCNT
washed; and dried to yield metal MWCNT
al/MWCNT catalysts were characterized by
(Bruker D8 ADVANCE, Germany).
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lectrode with the disk diameter of 3 mm by
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ure.
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Electrochemical experiments were performed in a conventional three-electrode cell
using potentiostat/galvanostat instrument (Autolab PGSTAT30, Eco Chemie, The
Netherlands) at room temperature. Metal/MWCNT modified glassy carbon electrode was
a working electrode. Pt wire and silver/silver chloride (Ag/AgCl) served as counter and
reference electrodes, respectively. All potentials are quoted respect to Ag/AgCl reference
electrode. In addition, electrochemical tests were obtained in the presence of 0.5 M
sulfuric acid as a supporting electrolyte.

Once any meta/MWCNT had been coated on glassy carbon electrode, it was
electrochemically probed in 0.5 M sulfuric acid by means of cyclic voltammetry. This
voltammetric experiment was used to examine the characteristic features of ecach
meta/MWCNT electrocatalyst.
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In addition to the morphological information obtained by XRD technique,
electrochemical characterization of the PUMWCNT catalyst was studied by using cyclic
voltammetric method. Figure 2 displays cyclic voltammogram for a solution of 0.5 M
sulfuric acid recorded with the glassy carbon electrode modified with Pt/MWCNT
catalyst at the scan rate of 50 mV/s. This voltammogram exhibits Pt characteristic
features which are the cathodic peak of Pt oxide (Pt-O) reduction at the potential of
+0.46 V and the hydrogen adsorption—desorption peaks between —0.05 V and —0.3 V (14).

3
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jous Pt-to-Ru ratios were synthesized and
their catalytic performances could be probed
shown in Figure 3, compared by using the
the potential of +0.68 V, the PIRW/MWCNT
'CNT) displayed higher mass activity (i.e.,
NT. For 1.0 M methanol, the mass activity of
rises to 28.0 A/g catalyst, indicating that Ru
the oxidation of methanol. Note that similar

been observed elsewhere (5,7,10,11,14).
1 the forward scan is attributed to the electro-
k at +0.40 V in the reverse scan arises via the
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Comparison of Pt-based Dimeta/MWCNT Electrocatalysts

PtRuU/MWCNT catalytic systems (Figure 2 and Table I) have strongly implied that
the addition of proper metal co-catalyst to Pt might promote the catalytic activity of Pt for
methanol electro-oxidation; therefore, Pt-based dimetal MWCNTSs with other co-metals
were consequently synthesized and electrochemically inspected to find the optimal
dimetallic Pt-based electrocatalyst.

Figure 4 presents anodic currents derived from cyclic voltammetric experiments for
the oxidation of 2.0 M methanol recorded by the glassy carbon clectrodes modified with
PtMWCNT, PtRWUMWCNT, PtCr/MWCNT, PtCo/MWCNT, PtAu/MWCNT, PtFe/
MWCNT, PtMn/MWCNT, PtMo/MWCNT, and PINI/MWCNT electrodes. All of the
catalysts contain 2:1.5 Pt-to-co-catalyst ratio. Unfortunately, compared to Ru, none of
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second co-catalyst since the PtMo/MWCNT modified electrode gave comparatively high
anodic current for methanol oxidation (Figure 4). Table II lists the mass activities and
current densities of the Pt,Ru; yMWCNT and Pt;Ru; s x Mo,/ MWCNT modified
electrodes for the oxidation of 2.0 M methanol in 0.5 M sulfuric acid solution by means
of cyclic voltammetry at the scan rate of 50 mV/s. For the oxidation of 2.0 M methanol,
the PtiRu; s \Mo,/ MWCNT electrode gave 138.3 A/g catalyst and 13.8 A/m? Pt whereas
the P;Ru; ssMWCNT electrode yielded 93.2 A/g catalyst and 5.4 A/m> Pt. Considering
both catalytic activity parameters, the Pt;Ru; 5xM0o,/MWCNT modified electrode
exhibited much better performance for the oxidation of methanol.

Table II. Electrocatalytic Activitiy of Pt,Ru; s MWCNT and Pt;Ru; 5. Mo,/ MWCNT
Electrodes for Methanol Oxidation Evaluated from Cyclic Voltammograms of 2.0 M
Methanol/0.5 M Sulfuric Acid Recorded at the Scan Rate of 50 mV/s.

Electrocatalyst Mass Activity
Pt;Ru; ssMWCNT ¢
PtRu s xMo,/MWCNT 13
Concl

In summary, using polyol process, we
trimetallic electrocatalysts supported on |
Catalytic activities of the synthesized elect
sulfuric acid were investigated by means of
the presence of other metals especially R
activity of Pt for the oxidation and Pt,Ru,
catalyst. Since the addition of Mo to |
electroactivity towards methanol oxidati
PtRU/MWCNT systems will be continuot
electron microscopy-energy dispersive X-
photoelectron spectroscopy (XPS) will be
morphologically.
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