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ABSTRACT: Pt-Ru electrocatalysts supported on carbon xerogels and ordered mesoporous carbons were synthesized by
reduction with formate ions (SFM method). Chemical and heat treatments were applied to modified the surface chemistry of
original carbon supports. Physical characterization of the catalysts was performed using X-ray dispersive energy (EDX) and
X-ray diffraction (XRD) techniques, while the electrochemical activity towards methanol oxidation was studied by cyclic
voltammetry (CV). Pt-Ru catalysts with nominal metal content (20 wt.%) and atomic ratios (Pt:Ru 1:1) were successfully
synthesized on the different supports. Higher methanol oxidation current densities were obtained for those supports with a
higher content of surface oxygen groups. Gas diffusion electrode and membrane-electrode-assembly preparation allowed an
in-house built of a direct methanol fuel monocell for the evaluation of the catalysts performance. Polarization curves were
measured confirming the results obtained in a three electrodes electrochemical cell by CV. Normalized power curves per
weight of Pt are discussed in terms of the significant impact on noble metal loading and attained cell maximum power, in
comparison with results obtained with a commercial catalyst.

Keywords: carbon xerogels, CMK-3 ordered mesoporous carbons, Pt-Ru electrocatalysts, polymer electrolyte membrane
fuel cells.

RESUMO: Electrocalisadores de Pt-Ru suportados em xerogel de carbono e carbonos mesoporosos ordenados foram
sintetizados por reducdo com ides formato. Foram implementados tratamentos térmicos e quimicos para a modificacdo
da quimica de superficie dos carbonos utilizados. A caracterizacdo fisica dos catalisadores foi realizada utilizando as
técnicas de difrac¢do de Raio-X (DRX) e espectroscopia por energia dispersiva de Raios-X (EDX), enquanto a actividade
electroquimica para a oxida¢do do metanol foi estudada por voltametria ciclica (VC). Catalisadores de Pt-Ru com semelhante
teor de metal (20 wt.%) e raios atomicos (Pt:Ru 1:1) foram sintetizados com sucesso nos diferentes suportes. Foram obtidas
maiores densidades de corrente na oxidagdo do metanol para os suportes com maior teor de grupos oxigénio na superficie.
Eléctrodos de difusdo gasosa e o conjunto eléctrodo-membrana foram preparados no laboratdrio para construcdo de uma
célula de combustivel de metanol directo, com vista ao estudo do desempenho dos catalisadores. Foram efectuadas curvas
de polarizagdo que confirmaram os resultados obtidos por VC numa célula electroquimica de trés eléctrodos. Curvas de
poténcia, normalizadas por peso de Platina, sdo discutidas em termos do impacto significativo da quantidade de metal nobre
e poténcia maxima atingida pela célula, em comparac¢do com os resultados obtidos com um catalisador comercial.

Palavras-chave: xerogel de carbono, carbono mesoporoso ordenado CMK-3, electrocatalisadores Pt-Ru, células de
combustivel de membrana de electrdlito polimérico.
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1. INTRODUCTION

Anodic catalysts for polymer electrolyte membrane fuel cells
(PEMFC) are conformed by Pt-Ru nanoparticles supported
on carbon black, usually Vulcan XC-72 [1], but recent works
have shown that graphite nanofibers [2,3], carbon nanotubes
[4-9], carbon microspheres [10,11], hard carbon spherules
[12], carbon aerogels and xerogels [9,13,14] as well as mes-
oporous carbons [15,16] can improve the efficiencies of the
catalysts, when they are used as supports. Causes for such
efficiency enhancement are related to the metal dispersion
increase, nanoparticle agglomerates decrease and electro-
chemical species diffusion and conductivity improvement.
However, there are other important aspects related to the
role of carbon support in catalyst performance. For example,
some authors have reported the increase of electronic density
on catalytic particles by a donor effect of the carbon support
[17]. This effect is explained from the decrease of the Fermi
level, which modifies the Galvani potential of the catalyst
[18]. It is considered that oxygen groups on the carbon sur-
face allow the specific metal-support interaction, promoting
the electron transfer from platinum clusters to the carbon sup-
port [19]. Therefore, Pt-carbon support interaction is benefi-
cial to the catalytic properties [20], improving nanoparticles
stability [21]. Nevertheless, the rise in electron density can be
significant only if double layer thickness is comparable to the
metal microdeposit size. This double layer is formed between
the nanoparticle and the carbon support [18]. One way for
determining the electrocatalytic activity due to the synergism
between carbon support and catalytic nanoparticles, consid-
ering the electronic state of Pt when this is deposited on the
carbon support [22], is making use of the difference in the
electronic work functions of platinum (5.4 eV) and the carbon
support (4.7 eV), which results in an increase of the electron
density on Pt. Dependence between particle size and double
layer thickness has been described by means of a model who
considers a tetrahedron hypothetical shape for the metal par-
ticle [23]. In these conditions, double layer and nanoparticle
volumes keep the ratio of 0.6, 1.0, 1.5 and 2.0 in the edge
size, for microdeposit amounts to 71, 42, 28, and 21%, mak-
ing evident the influence of particle size on the metal-carbon
interaction. Different methodologies have been used for stud-
ying these interaction effects, like electron-spin resonance
(ESR) and X-ray photoelectron spectroscopy (XPS), showing
the dependence between electron donation by Pt to the carbon
support and Fermi-level [24,25].

Moreover, surface functional groups play a key role in the
interaction between carbon support and metal precursor.
H,PtCl, and [Pt(NH,),ICl, are the typical precursors in Pt/C
synthesis in acid and basic media, respectively. Interaction
between H,PtCl, and carbon is coordinated by a redox proc-
ess, which involves an oxidation state change to Pt** [26].
Pt**links to oxygen groups, basic sites which act as good an-
choring sites for the Pt** present in hexachloroplatinic anion.
These sites have a Lewis structure and are associated with
m-electron rich regions within the basal planes [27-29].

Carbon xerogels can be used as carbon supports, because of
their structural properties, like high porosity, high surface
area, controllable pore size, and different form (monolith,
thin film, or powder) [30]. This material has been used in
environmental applications [31,32], fuel cells [9,14,33,], and
different types of reactions [34-36]. On the other hand, or-
dered mesoporous carbons have recently received great atten-
tion because of their potential use as catalytic supports in fuel
cell electrodes. They have controllable pore sizes, high sur-
face areas and large pore volumes [30]. Nanoporous carbons
with 3D ordered pore structures have been shown to improve
the mass transport of reactants and products during fuel cell
operation [18].

Deposition of catalytic particles on carbon support is possi-
ble by means of different synthesis methods such as the re-
duction by sodium borohydride (BM) or formic acid (FAM).
Especially, FAM method does not completely reduce the Ru
precursor salt, because of the low dissociation constant of for-
mic acid (1.8 x 10”) and the pH dependence of the reduction
potential of Ru.

In this study, a modified FAM method was used for carry out
the Pt-Ru nanoparticles synthesis on functionalized carbons,
in which the pH of the reaction medium was increased to 12,
to certify complete dissociation of acid formic into formate
ions, species that act as reducing agent (formate ion method-
SEM) [37]. Synthesized catalysts were analyzed by different
techniques for establishing their physicochemical properties.
Furthermore, electrooxidation of CO and methanol were ana-
lyzed using cyclic voltammetry (CV) and chronoamperom-
etry (CA). Finally, prepared materials were tested in a direct
methanol fuel monocell, in order to verify performance and
cell power densities when these catalysts are use as anodes.

2. EXPERIMENTAL

2.1. Carbon support synthesis

Carbon materials prepared as support for Pt-Ru catalysts
were carbon xerogel (CX) and ordered mesoporous carbons
(CMK-3). Carbon xerogels were synthesized by polyconden-
sation of resorcinol with formaldehyde [38]. Resorcinol
(Aldrich, 99%) was added to deionised water until complete
dissolution. Then, formaldehyde solution (Sigma, 37 wt.%
in water, stabilized with 15 wt.% methanol) was mixed with
previously dissolved resorcinol. Concentrated sodium hy-
droxide solution was added under continuous stirring in order
to obtain the desired initial pH of the precursor solution (6.0).
pH was monitored because of this parameter plays a key role
in the mesoporous formation of carbon xerogels [38]. Gela-
tion was performed at 358 K during 72 hours. Then, gel was
shaped to 0.1 mm particles and dried defining a heating ramp
from 333 to 423 K during 5 days, with a 20 K day' rate in-
crease. Finally, gel was pyrolyzed at 1073 K under nitrogen
flow, obtaining a carbon xerogel, hereafter referred as CXUA.
Carbon materials were treated with 7 M HNO, in a soxhlet for
3 h, washed and dried at 110°C (sample CXNA). Additional
samples were prepared by heat treatment at different tem-
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peratures: 30 min at 400 (CXNA400), 600 (CXNA600) and
750°C (CXNA750). CMK-3 materials were obtained by in-
cipient wetness impregnation method using ordered mesopo-
rous silica as template and a furan resin as carbon precursor
[39]. The impregnated silica was carbonized at 700°C for 2 h
and subsequently, the silica-carbon composite was subjected
to washing with NaOH in ethanol to remove the silica. Then,
these carbons were functionalized by treatment with either
diluted or concentrated nitric acid for 0.5 h (CMK-3 NdTa05
and CMK-3 NcTa05, respectively).

2.2. Carbon xerogel characterization

Textural characterization of carbon materials was made by
means of N, adsorption isotherms, obtained at 77 K with a
Quantachrome NOVA 4200e multi-station apparatus. BET
analysis of isotherms was used to determine specific surface
area (S, ), micropore volumes (V,, ) and non-microporous
surface areas (mainly mesopores, S, ,..) [40].

2.3. Ordered mesoporous carbon characterization

BET analysis was made using a Micromeritics ASAP 2020.
Before carrying out the analysis, the samples were degassed
to reach a stable vacuum of 10 mmHg.

2.4. Pt-Ru catalysts synthesis

Formate ions reduction method (SFM method) was used to
synthesize Pt-Ru catalysts with a nominal metal loading of
20 wt.% and an atomic ratio Pt:Ru of 1:1. Carbon materials
were dispersed in a 2.0 M HCOOH solution with pH previ-
ously adjusted to 12.0. Then, the mixture was heated at 80°C,
and a 1.13 mM solution of both Pt and Ru metal salt precur-
sors (H,PtCl,, 8% p/p solution, Aldrich; and RuCl,, 99.999%,
Aldrich) was added under stirring. Temperature was kept
constant during slowly addition of metal precursors. Reac-
tion medium was kept under stirring for 12 h, and finally, the
mixture was filtered, washed and dried at 60°C for 2 h.

2.5. Physical characterization

Metal content and Pt-Ru atomic ratios of the synthesized
catalysts were determined by means of energy dispersive X-
ray (EDX), using analysis by a scanning electron microscope
(LEO Mod. 440) at 20 keV, with a Si detector and a Be win-
dow. X-ray diffraction (XRD) patterns were obtained using
a universal diffractometer Panalytical X Pert operating with
Cu-Ka radiation generated at 40 kV and 30 mA. Scans were
done at 3° min' for 20 values between 20 y 100°. Scherrer’s
equation was used to calculate the metal crystallite size using
the (220) peak around 20 = 70°, and the lattice parameter was
evaluated from the peaks values for (111), (200), (220) and
(311) crystalline faces by refining the unit cell dimensions by
the least squares method .

2.6 Electrochemical characterization

An electrochemical cell with three electrodes was used for
the electrochemical characterization of the synthesized cata-

lysts. A glassy carbon bar and a reversible hydrogen electrode
(RHE) placed inside a Luggin capillary were used as counter
and reference electrodes, respectively. All measured poten-
tials in the text are referred to the RHE. For preparing the
working electrode, a catalyst ink was obtained using 2 mg of
catalyst, 15 uL of Nafion® (5 wt.%, Aldrich) and 500 uL of
ultra-pure water, and deposited on a glassy carbon disk. 0.5
M H,SO, (95-97%, Merck) was used as supporting electro-
lyte. Potentiostatic measurements were carried out employ-
ing a u-AUTOLAB III modular equipment. High resistivity
deoxygenated 18.2 MQ2 H,O was used for the preparation of
all the electrolyte and methanol solutions. The electrocata-
lytic activity of prepared materials was compared to that of
the commercial PtRu (1:1, 20 wt.%)/C catalyst from E-TEK.
Electroactive areas were calculated from CO adsorption, in
order to express obtained current densities in respect to the
active electrochemical area.

2.7. Direct methanol fuel monocell tests

Electrodes used for membrane electrode assemblies (MEAS)
consist of a diffusion layer and a catalyst layer. The gas diffu-
sion layers were prepared from carbon black Vulcan XC-72
R for the anodes and the cathodes. Pt-Ru catalysts were used
as anodes and 10 wt.% Pt/C catalyst was used as cathode. To
fabricate the catalyst layer, an ink was prepared by suspending
the material in isopropanol, and stirring in an ultrasonic bath
for 10 min to thoroughly wet and disperse it. A 5% Nafion®
dispersion solution (Electrochem, Inc) was then added to the
mixture. The catalyst inks were dispersed onto the gas dif-
fusion layer with a brush, and dried at 50°C, until a catalyst
loading of 4 mg cm™? was achieved. Nafion® 117 membranes
were cleaned and converted into the acid form by boiling in
3% H,0, for 1 h, followed by boiling in 0.5 M H,SO, for
2 h. Between these treatments, the membranes were washed
with boiling water for 30 minutes. The cleaned membranes
were stored in ultrapure water. Each MEA was assembled by
hot-pressing the prepared anode and cathode on either side
of the pretreated membrane at 50 bar and 130°C for 180 s.
MEAs were placed into an in-house built direct methanol fuel
monocell hardware. A monocell configuration was used with
25 cm? of active area and a single serpentine flow field design
drawn on graphite plates. A test station allowed condition-
ing of the cell and reactants at temperatures up to 70°C for
activation and polarisation curve recording. Monocells were
operated with a 0.75 M aqueous CH,OH solution pumped
through the anode compartment at 1.5 mL min™'. O, was fed
through the cathode compartment at 0.3 L min™. After the
preconditioning procedure of the MEA previously described
[41], polarization curves were measured.

3. RESULTS AND DISCUSSION

3.1. Carbon support characterization

Textural properties of carbon supports were determined by
N, physisorption, BET analysis, whereas the surface chem-
istry was analyzed by TPD experiments (data not shown).
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Carbon xerogel showed a mesoporous morphology (average
pore diameter size = 16.5 nm) with surface areas in the range
632-754 m*g". Surface chemistry was found to depend on the
chemical and heat treatment used. In contrast, CMK-3 mate-
rials presented an ordered structure, maintained even after the
oxidation treatments, with carbon nanorods of uniform size
arranged in the same direction, leaving mesopores between
them. They showed high surface areas (769-1163 m?g') and
large pore volumes (0.51-0.81 cm’g!). Pore size distribution
was close to 3 nm. The number of surface oxygen groups in-
creased with the HNO, treatments, but both the specific sur-
face area and pore volume decreased slightly.

3.2. Physicochemical characterization of synthesized Pt-
Ru catalysts

XRD patterns were obtained for the synthesized catalysts. All
of them presented the characteristic peaks of the face centred
cubic (fce) structure of Pt, (111), (200), (220) and (311), with
values in degrees near to those observed for the E-TEK com-
mercial catalyst. For all prepared materials, metal loadings
and atomic ratios were closed to nominal values (20 wt.%
and Pt:Ru 1:1). Similar crystallite sizes were calculated from
XRD for PtRu/CX, in the range 4.1 = 0.5 nm, which are also
analogous to the 4.4 nm obtained for the E-TEK catalyst. An
influence of the support is observed when ordered mesopo-
rous carbon was used: PtRu nanoparticles prepared on CMK-
3 displayed smaller sizes, especially after chemical treatment
with a decrease from 3.8 to 2.9 nm. Lattice parameters were
lower than the 3.92 A corresponding to Pt, indicating the for-
mation of an alloy between Ru and Pt.

3.3. Methanol electrooxidation

Cyclic voltammetry for the electrochemical oxidation of
methanol at room temperature for the electrocatalysts sup-
ported on carbon xerogels and CMK-3 carbon can be seen
in Fig. 1a and Fig. 1b, respectively. In the case of catalysts
supported on carbon xerogels, PtRu/CXNA was showed the
highest methanol oxidation current density. However, all
synthesized catalysts displayed higher current densities than
that obtained for commercial PtRu/C E-TEK. It is noticeable
that methanol oxidation current densities decreased as the
heat treatment temperature of carbon xerogels increased. For
catalysts supported on ordered mesoporous carbons, it was
found that the strength of the chemical treatment benefited
the methanol electrochemical oxidation (Fig. 1b).

From these results it can be deduced that the presence of oxy-
genated groups plays an essential function in the electrochem-
ical behaviour of synthesized catalysts. In the case of carbon
xerogels, the best electrochemical behaviour was obtained for
catalysts without heating treatment of the carbon support. The
loss of oxygenated groups occurs with increasing the temper-
ature of the heat treatment: carboxylic acid groups and lac-
tones decompose into CO, at 400°C and 600°C, respectively,
whereas anhydrides produce CO and CO, at 750°C. At the last
temperature, only oxygenated species which are not removed
are phenol, carbonyl, ether and quinone groups [42].
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Fig. 1. Cyclic voltammograms for methanol electrochemical oxidation on
synthesized PtRu catalysts, supported on (a) carbon xerogels and (b) ordered
mesoporous carbons.

Scan rate: 20 mVs™'. Supporting electrolyte: 0.5 M H,SO,. Methanol con-
centration: 2.0 M.

In the case of the CMK-3 materials, the total amount of oxy-
genated groups is increased with the severity of the chemical
treatment [15]. Thus, the catalyst prepared with the original
material (CMK-3) displayed a very low activity, but increas-
ing the number of surface oxygen groups resulted in a drastic
increase in the response of the materials towards the metha-
nol electrooxidation.

According to these results, surface oxygenated groups are
important in the electronic transfer process between the cata-
Iytic nanoparticle and the carbon support and consequently,
the presence of these groups on the carbon surface promotes
the methanol electrochemical oxidation.

3.4 Direct metanol fuel monocell tests
3.4.1. Polarization curves

In order to determine synthesized PtRu catalysts efficiencies,
direct methanol fuel monocell tests were performed. Figure
2 shows the polarization curves obtained for those catalysts
supported on carbon xerogels which presented the highest
(PtRu/CXNA) and lowest (PtRu/CXNA750) current densi-
ties in Fig. la.

It was observed that the potential drop diminished with in-
creasing the operational temperature of the monocell. On the
other hand, comparing both materials, PtRu/CXNA (Fig. 2a)
displayed lower potential drops and higher current densities,
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in agreement with the electrochemical characterization re-
sults in Fig. 1a. Thus, monocell tests confirm the decrease in
performance as the temperature of the heat treatment of the
carbon xerogel increases.
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Fig. 2. Polarization curves for a DMFC monocell at different temperatures,
using Pt-Ru catalysts supported on carbon xerogels as anodes: (a) P(Ru/CXNA
and (b) PtRu/CXNA750. Cathode: 10 wt.% Pt/C. Concentration and methanol
solution flux: 0.75 M and 15 mL min™, respectively. Oxygen flux: 0.3 L min™'.

Comparison between polarization curves for PtRu catalysts
supported on the different carbon xerogels and the commercial
PtRu/C E-TEK at 70°C can be seen in Fig. 3. It can be observed
that PtRu/CXNA displayed a similar response to that of the
commercial catalyst, which shows the lowest potential drop.

In agreement with previous results in Figure 1a and Figure 2,
from Figure 3 it can be concluded that the heating treatment

06 — —PRWCXUA
. —— PtRWCXNA

0st —— PRW/CXNA400
> — =PtRWCXNAGO0
~ o4l - - PtRWCXNA750
= |- - -PfRw/C E-TEK
=
£ 03
-
[=]
B 02}

00 L0 20 30 40 50 60 70
Current density / Amg',,

Fig. 3. Polarization curves for a DMFC monocell at 70°C, using Pt-Ru cata-
lysts supported on carbon xerogels as anodes. Cathode: 10 wt.% Pt/C. Con-
centration and methanol solution flux: 0.75 M and 15 mL min™', respectively.
Oxygen flux: 0.3 L min™.

of the carbon support does not promote the enhancement of
the monocell performance.

Also for Pt-Ru catalysts supported on CMK-3 ordered mes-
oporous carbons, polarization curves were obtained (Fig. 4).
For these catalysts, current densities were much lower than
those obtained for Pt-Ru catalysts supported on carbon xe-
rogels.

These results were unexpected, taking into account the results
showed in Fig. 1, and could be related to the electrical con-
ductivity of the catalysts layer, which determines the behav-
iour in the monocell configuration.

In concrete, this property depends strongly on the electrical
conductivity of the material used as catalyst support. In this
case, CMK-3 carbon has a very low electrical conductivity
(~ 10 S cm™) that results in a high ohmic resistance during
the electrochemical measurements and consequently, a poor
fuel cell performance. However, it is possible to observed
differences for the three CMK-3 based catalysts. PtRu nano-
particles supported on CMK-3 NdTa05 and CMK-3 NcTa05
(Fig. 4b and c, respectively) displayed higher current densi-
ties than the catalyst supported on CMK-3 (Fig. 4a), but simi-
lar between them. Again, the importance of the oxygenated
groups on carbon surface was highlighted.

Accordingly, the commercial catalyst PtRu/C E-TEK showed
better performance than the PtRu catalysts supported on
CMK-3 ordered mesoporous carbons (Fig. 5).
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Fig. 4. Polarization curves recorded in a DMFC monocell at different tem-
peratures using Pt-Ru catalysts supported on CMK-3 ordered mesoporous
carbons as anodes: (a) PtRu/CMK-3, (b) PtRu/CMK-3 NdTa05, (c) PtRu/
CMK-3 NcTa05. Cathode: 10 wt.% Pt/C. Concentration and methanol disolu-
tion flux: 0.75 M and 15 mL min™, respectively. Oxygen Flux: 0.3 L min"'.
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Fig. 5. Polarization curves for a DMFC monocell at 70°C using Pt-Ru cata-
lysts supported on CMK-3 ordered mesoporous carbons as anodes. Cathode:
10 wt.% Pt/C. Concentration and methanol solution flux: 0.75 M and 15 mL
min’, respectively. Oxygen Flux: 0.3 L min™.

3.4.2 Power density curves

Figs. 6 and 7 show the power density curves (normalized by
Pt content) for the catalysts supported con carbon xerogels
and CMK-3 carbons, respectively. Curves were obtained from
data in Figs. 3 and 5. It can be observed that catalysts support-
ed on carbon xerogels subjected to heat treatments presented
the lowest performance in DMFC (Fig. 6). However, the good
performance registered for PtRu/CXNA was confirmed.
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Fig. 6. Power density curves for a DMFC monocell at 70°C using Pt-Ru
catalysts supported on carbon xerogels as anodes. Cathode: 10 wt.% Pt/C.
Concentration and methanol solution flux: 0.75 M y 15 mL min’!, respec-
tively. Oxygen flux: 0.3 L min™'.

In the case of catalysts supported on CMK-3 ordered mesopo-
rous carbons (Fig. 7), following the previous results, power
densities were lower than those obtained for PtRu catalysts
supported on carbon xerogels (Fig. 6) and chemical treat-
ments produced a clear increase in the performance of the
catalyst, but in all cases lower power densities than that for
PtRu/C E-TEK were recorded.
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Fig. 7. Power density curves for a DMFC monocell at 70°C using Pt-Ru cata-
lysts supported on CMK-3 ordered mesoporous carbons as anodes. Cathode:
10 wt.% Pt/C. Concentration and methanol solution flux: 0.75 M and 15 mL
min’', respectively.Oxygen flux:0.3 L min™'.

4. CONCLUSIONS

PtRu catalyst supported on carbons xerogels and CMK-3 or-
dered mesoporous carbons were prepared with metal loading
and Pt:Ru proportions closed to 20 wt.% and 1:1, respective-
ly. Crystallite sizes were about 4.1 = 0.5 nm, for catalysts
supported on carbon xerogels, whereas they were around 2.9
nm for catalysts supported on CMK-3 carbons.

Lattice parameters were lower than 3.92 A, indicating the for-
mation of an alloy between platinum and ruthenium.

Electrochemical characterization for catalysts supported on
carbon xerogels confirmed the great influence of the heating
treatment of the carbon supports on the catalytic properties.

For the methanol electrochemical oxidation, a decrease of the
current densities was observed as the temperature of the treat-
ment increased. For catalysts supported on CMK-3 ordered
mesoporous carbons, the strength of the chemical treatment
promoted the oxidation of the alcohol. Catalysts supported on
carbon xerogels exhibited good results as anode in a direct
methanol fuel monocell, in terms of both potential drop and
power density. Consequently, it was possible to correlate the
electrocatalytic behaviour with the presence of some surface
oxygenated groups on the carbon supports.

Finally, from this work PtRu/CXNA is proposed as good can-
didate for the anode of direct methanol fuel cells.
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