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Abstract

PtRU/C electrocatalysts were prepared by impregnation of the comp@sH4)(Cl)Pt(LCl)2Ru(Cl)(m3m3-C1oH16) 0N to a carbon
support. The complex/support was subjected to different thermal treatments and tested for ethanol electro-oxidation using the thin porou
coating electrode technique. The electrocatalysts were characterized by transmission electron microscopy (TEM), EDAX and cyclic
voltammetry. The electrocatalyst treated under hydrogen flow and subjected to an oxidative thermal treatment had a superior performanc
to that of a commercial catalyst, which could be attributed to the better control of the metallic platinum and oxidized ruthenium species on
the PtRu nanoparticle surface.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction mally treated under appropriate oxidizing and reducing
conditions. XRD and on-particle EDS analyses revealed

PtRu/C electrocatalysts have superior activity as an an-that the PtRu nanoparticles have a nearly 1:1 metal alloy
ode in direct methanol fuel cells (DMFC) and CO-tolerant stoichiometry. The measurements of the catalytic activity

proton-exchange membrane fuel cells (PEMF[Q)2]. as an anode catalyst in DMFC revealed that the 50 wt.%
Some studies have shown that the best performance wadtRu catalyst showed a superior performance to that of a
obtained using a Pt:Ru atomic ratio of 13,4]. However, 60wt.% PtRu commercial catalyst (E-TEK). Further stud-

the conventional methods of preparation of bimetallic sup- ies also show that the performance of the catalyst could be
ported nanoparticles like wet impregnation of metal salts enhanced using other carbon compounds as a suj&8ft
and chemical reduction in hydrogen atmosphere seem notto Ethanol is a renewable and attractive fuel for direct alco-
provide satisfactory control of the particle size, distribution hol fuel cell (DAFC) as it is much less toxic than methanol
and composition. Shapley and co-workgg$] reported the and can be produced in great quantities from biomass. In
synthesis and characterization of carbon-supported PtRuBrazil, ethanol has been produced, distributed and used as
nanoparticles using the neutral complexes BERCO)¢ a fuel for internal combustion engine cars for more than 20
and PtRw(CO)g as a single molecular precursor. The years. Wang et a[10] tested ethanol as a fuel using a PtRu
structural characterization of the bimetallic nanoparticles electrocatalyst as anode and a phosphoric acid doped poly-
revealed Pt:Ru compositions of 1:5 and 2:4, respecti- benzimidazole membrane at 170. They observed that un-
vely, and an average diameter between 1.0 and 1.5 nm. Baseder these conditions the behavior of ethanol was close to
on these results, Lukehart and co-work§fp prepared a  that methanol. Lamy et a]11] tested different binary elec-
PtRu/C electrocatalyst using the complex-Q2H4)(CI) trocatalysts in the direct oxidation of ethanol and among
Pt(wCl)2RU(Cl)m3m3-C1oH16) as a 1:1 Pt:Ru bimetallic  them PtRu and PtSn were the most active and the least
molecular precursor and Vulcan XC72R as the traditional poisoned.
carbon powder support. The precursor/carbon was ther- In this work, the PtRu/C electrocatalysts, prepared using
the complex §-CoH4)(Cl)Pt(Cl)2Ru(Cl)(n3m3-CioH16)
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2. Experimental can XC72R). The resulting slurry was stirred for 30 min
under argon and after this the solvent was removed at re-
The complex-CaH4)(Cl)Pt(Cl)2Ru(Cl) (03 m3-C1oH16) duced pressure. The black solid obtained was submitted
was synthesized and characterized as described by Lukeharto different thermal treatments in a tube furnace with con-
and co-worker$7,9]. The PtRu/C electrocatalysts (20 wt.%, trolled atmosphere. The samples treated under hydrogen
Pt:Ru atomic ratio of 1:1) were prepared in the following atmosphere were heated from room temperature to 400 or
manner. The required quantity of complex was dissolved 650°C at 1°C min—! under argon flow. When the activation
in a small quantity of dichloromethane and to this solution temperature was reached, hydrogen gas was introduced and
was added the appropriate mass of carbon support (Vul-the catalyst was held at that temperature for 2 h. Finally,

(a) (b)

(d)

Fig. 1. TEM micrographs of the electrocatalysts: (a) treated at'@00nder argon flow; (b) treated at 650 under argon flow; (c) treated at 400
under hydrogen flow; (d) treated at 680 under hydrogen flow; (e) treated at 4@D under hydrogen flow and submitted to the oxidative thermal
treatment; (f) treated at 65€ under argon flow and submitted to the oxidative thermal treatment.
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Fig. 1. (Continued).

the sample was cooled to ambient temperature under argora commercial carbon-supported PtRu catalyst from E-¥EK
flow. The samples treated under argon were submitted to the(20 wt.%, Pt:Ru molar ratio 1:1, lot # 3028401) was used.
same treatment under argon atmosphere all the time. The
samples treated under hydrogen at 40&nd treated under
argon at 650C were also submitted to a further treatment: 3. Results and discussion
the samples were heated from room temperature tdG00
at 5°C min~1 under air atmosphere for 30 min. The electrocatalysts were prepared by the impregnation
Transmission electron microscopy (TEM) was carried of the PtRu complex on to the carbon support and the result-
out using a Carl Zeiss CEM 902 apparatus with a ing solids were submitted to different thermal treatments.
Proscan high-speed slow-scan CCD camera and digitalizedThe TEM micrographs of the electrocatalysts are shown in
(1024x 1024 pixels, 8 bits) using the AnalySis software. The Fig. 1 In a general manner, the electrocatalysts treated at
particle size distributions were determined by measuring the 400°C (Fig. 1a, ¢ and eshow the metal particles dispersed
nanoparticles from micrographs using Image Tool Software. on the carbon support having an average particle size of
The Pt:Ru atomic ratios were obtained by EDAX anal- 2.5 + 1.0nm, while the electrocatalysts treated at 660
ysis using a scanning electron microscope Philips XL30 (Fig. 1b, d and ¥ have a broader size distributions with an
with a 20keV electron beam and using a EDAX DX-4 average particle size of®+ 3.0 nm. The broad area EDAX
microanalyzer. analysis of the electrocatalystsSig. 1a—j, on the microm-
Electrochemical studies of the electrocatalysts were car-eter scale, showed the emission lines from Pt and Ru with
ried out using the thin porous coating technique. The work- relative intensities corresponding to Pt:Ru atomic ratios be-
ing electrode was constructed using a PTFE cylinder with a tween 1.0 and 1.3. Lukehart and co-workgt®] described
cavity 0.15 mm deep and 0.36 érarea. A known amount  similar particles size distributions and Pt:Ru atomic ratios
of the electrocatalyst was treated with a 2% PTFE suspen-on the micrometer scale. The on-particle EDS analysis also
sion and transferred quantitatively to the cavity. The refer- revealed Pt:Ru atomic ratios of approximately [Z].
ence electrode was a RHE and the counter electrode was a The results of cyclic voltammetry experiments, in the ab-
platinized Pt plate. Electrochemical measurements (cyclic sence of ethanol, are shown kig. 2 The electrocatalysts
voltammetry) were made using a Microquimica (model do not have a well-defined hydrogen oxidation region, as ob-
MQPGO1, Brazil) potentiostat/galvanostat coupled to a per- served for pure platinum, and the currents in the double layer
sonal computer and using Microquimica software. Cyclic are larger. These results are characteristic of electrocatalysts
voltammetry was performed in a 0.5 motl H,SO;, solu- with Pt:Ru atomic ratio of 1:112,13] However, some differ-
tion saturated with Bl The evaluation of ethanol oxidation ences are apparent among the electrocatalysts. The electro-
was performed at 25C in three different concentrations of catalysts treated under hydrogen flawig. 29 and E-TEK
ethanol: 0.1, 0.5 and 1.0 mol}. For comparative purposes, have a more characteristic hydrogen region (0.05-0.40V),
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Fig. 2. Cyclic voltammetry of the electrocatalysts in 0.5mdlH,SQy with a sweep rate of 10mV$: (a) treated under hydrogen flow; (b) treated
under argon flow.

while the electrocatalysts treated under argon flBig.(2b) positive than 0.5V, the current values increase with ethanol
show a less defined peak in the hydrogen region. The electro-concentration, even for 1 mott. The electrocatalysts per-
catalysts submitted to the oxidative thermal treatment haveformance in ethanol oxidation is strongly dependent of the
the larger currents in the double layer region. The electrocat- thermal treatment as shown liig. 4. In the region of inter-
alyst treated at 400C under hydrogen flow and submitted est for fuel cell applications (0.5-0.7 V), the electrocatalysts
to the oxidative thermal treatmerii(y. 29 has the more de-  treated at 400C under argon flow has the poor performance
fined hydrogen region and the larger currents in the double and this is probably due to the presence of residual chlorine

layer region. coming from the decomposition of the PtRu complex under
The electro-oxidation of ethanol was studied varying the these conditiong9]. It is known that even small residual
concentration from 0.1 to 1.0 molt (Fig. 3). In the hydro- levels of chlorine in DMFC anode catalysts degrade fuel

gen region (0-0.4 V), the current values decrease with the in-cell performancg7-9,14,15] When the electrocatalyst is
crease of ethanol concentration probably due to the increasdreated at 400C under hydrogen flow, the chlorine is elim-
of ethanol adsorption on the surfdd8]. For potentials more  inated to the gas phase as hydrogen chloj@j&5] and an
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Fig. 3. Cyclic voltammetry of the electrocatalyst treated at 4DQinder hydrogen flow and submitted to the oxidative thermal treatment in 0.5mol|
H2SOy with a sweep rate of 10mV$ with different concentrations of ethanol.

increase in the current values is observed. The electrocata-at 300°C in air or nitrogen that showed similar performance
lyst treated at 650C under hydrogen flow showed a similar for the methanol oxidatiofiLl4]. The best performance was
performance to that treated at 40D despite the larger obtained using the electrocatalyst treated at“4D@nder
particle size. The electrocatalysts treated at €5Qnder hydrogen flow and submitted to the oxidative thermal treat-
argon flow showed a similar performance to the commercial ment. The current values were approximately two times
electrocatalyst from E-TEK. The oxidative thermal treat- greater than the commercial E-TEK electrocatalyst. The
ment practically does not modify its performance. Similar treatment under hydrogen flow led to enrichment of plat-
results were observed for PtRu/C electrocatalysts activatedinum on the nanoparticle surface and the major part of the
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Fig. 4. Cyclic voltammetry of the electrocatalysts in 0.5madl H,SOy and 1.0 molt?! of ethanol with a sweep rate of 10 mV% considering only the
anodic sweep.
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