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Preparation of PtSn/C Electrocatalysts by an Alcohol-Reduction Process using
different conditions for Ethanol Electro-oxidation
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PtSn/C electrocatalysts were prepared by an alcohol-
reduction process using PH#€;0,), and SnCpe5H,0 as
metal precursors, a mixture of ethylene glycol:water as
both a solvent and reducing agent and Carbon Vulcan
XC72 as support. The electrocatalysts were prepared with
20 wt% of metal content and Pt:Sn atomic ratio of 50:50
using different conditions: under reflux (RFX) at 160°C for
3 h and in an autoclave (ATC) at 200°C under autogeneous
pressure for 30 min. The obtained PtSn/C electrocatalysts
were characterized by X-ray diffraction and cyclic
voltammetry. The electro-oxidation of ethanol was
evaluated by chronoamperometry in acid medium. A
similar performance was observed for commercial PtSn/C
BASF and PtSn/C RFX while PtSn/C ATC showed a
superior performance.

I ntroduction

Direct Ethanol Fuel Cells (DEFCs) are attractive power sources for mobile and
portable applications. Compared to hydrogen-fed fuel cells, which need a
reforming system or have problems of hydrogen storage, DEFCs use a liquid fuel,
thus simplifying the fuel system. Also, ethanol offers an attractive alternative as a
fuel because it is produced in large quantities from biomass [A-Bjazil, ethanol

is produced on a large scale; moreover, ethanol has the advantages of being a fuel
derived from renewable sources and is less toxic than methanol. However, the
complete oxidation of ethanol to G a DEFC is harder than that of methanol

due to the difficulty of C-C bond breaking resulting in the formation of
acetaldehyde and acetic acid as the principal products. Also, the formation of
intermediates like CO and others block the active sites of the Pt-based
electrocatalyst leading to its deactivation [4]. Thus, the search for electrocatalysts
more effective for the ethanol electro-oxidation is one of the challenges in this
area. For this, it has been proposed the addition of several other metals to Pt that
can lead to the formation of oxygen species at low potentials (bifunctional
mechanism) and/or modify the electronic properties of Pt facilitating the oxidation
of CO to CQ. For the case of methanol electro-oxidation the best material found
was PtRu electrocatalysts, while for ethanol electro-oxidation PtSn electrocatalysts
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have been shown the best performances [3-15]. Also, the performances of the
PtSn/C electrocatalysts are very dependent on the method of preparation, which
influence the sizes, morphologies and the distribution of the nanoparticles on the
carbon support and different Pt and Sn phases could also be formed. Studies have
been shown that good performances for ethanol electro-oxidation could be
obtained using PtSn electrocatalysts where, Pt and Sn were found as an alloy, as
well, where Pt and SnCcoexist as a separated phases [3-15]. We have already
prepared PtSn/C electrocatalysts by an alcohol-reduction process [3, 4] that showed
good results for ethanol electro-oxidation. In this work, some modifications were
done in this process and the obtained materials were tested for ethanol electro-
oxidation.

Experimental

Preparation and Characterization of PtSn/C electrocatalysts

PtSn/C electrocatalysts were prepared by an alcohol-reduction process [3,
4] using Pt(GH;0,), and SnCj5H,0 as metal sources, a mixture of ethylene
glycol:water (75:25 v/v) as both a solvent and reducing agent and Carbon Vulcan
XC72 as support. The electrocatalysts were prepared with 20 wt% of metal content
and Pt:Sn atomic ratio of 50:50 using different conditions: under reflux (RFX) at
160°C for 3 h and in an autoclave (ATC) at 200°C under autogeneous pressure for
30 min. The obtained PtSn/C electrocatalysts were characterized by X-ray
diffraction and cyclic voltammetry. The commercial PtSn/C BASF (PtSn alloy, 20
wt% of metals and Pt:Sn atomic ratio of 75:25) electrocatalyst was used for
comparative purposes. The X-ray diffraction (XRD) analyses were carried out in a
Miniflex 1l model Rigaku diffractometer using Cuckradiation § = 0.15406 nm).
The diffractograms were recorded &  the range 20° - 90° with step size of
0.05° and scan time of 2 s per step. Cyclic voltammetry measurements were
perforlmed in a 0.5 mol & H,SO, solution saturated with Awith a scan rate of 10
mV.s-.

Electro-oxidation of ethanol

Chronoamperometry experiments were carried out to examine the
electrochemical activity and stability of the electrocatalysts. The reference
electrode was a RHE and the counter electrode was a platinized Pt plate.
Chronoamperometry experiments were performed with a Microquimica (model
MQPGO01) potentiostat/galvanostat using 1.0 mdl df ethanol in 0.5 mol £
H.SO, solution saturated with N\at 0.3V and at room temperature.

Results and Discussion

The obtained PtSn/C electrocatalysts were characterized by X-ray diffraction
(Figure 1). PtSn/C electrocatalyst prepared under reflux (RFX) and in an autoclave
(ATC) showed four diffraction peaks at abo@t=24C, 47, 67° and 82 which are
associated with the planes (111), (200), (220) and (311), respectively, of the face-
centered cubic structure (fcc) of Pt and its alloys [3]. For the commercial PtSn/C
BASF, which is a PtSn alloy phase, the Pt-fcc peaks were also observed in the
diffractogram, however, they were shifted to small angles. Compared to Pt/C
electrocatalyst (unit cell parameter a= 0.390 nm), PtSn/C BASF showed the unit
cell parameter a= 0.401 nm showing the formation of a PtSn alloy [12]. The Pt-fcc
peaks of PtSn/C RFX (a = 0.396 nm) and PtSn/C ATC (a = 0.392 nm) were also
shifted to small angles, but for these electrocatalyts, not all of Sn atoms were
incorporated into the Pt-(fcc) structure. Moreover, it was observed for these
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materials two peaks at about 2 34 and 52 that were attributed to Sa@hase

[4, 12]. The crystallite sizes calculated from the Pt(220) diffraction peaks were
around 2 nm for PtSn/C RFX and commercial PtSn/C BASF while for PtSn/C
ATC the crystallite size was smaller than 2 nm.
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Figure 1: X-ray diffractograms of commercial PtSn/C BASF and PtSn/C (RFX)
and (ATC) electrocatalysts.

The cyclic voltammograms in acid solution of PtSn/C BASF, PtSn/C (RFX) and
(ATC) electrocatalysts are shown in Figure 2. PtSn/C BASF and PtSn/C ATC
showed the hydrogen adsorption-desorption region (-0.2 - &AG/AgCl) more
defined than the PtSn/C RFX and an increase of the current values in the electrical
double layer region (0.2 — 0.5 Vs Ag/AgCIl) was also observed for these
electrocatalysts. The increase of current values in the double layer region could be
attributed to an increase of oxide species on the surface.
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Figure 2: Cyclic voltammograms of the electrocatalysts in 0.5 maldlution of

H,SO, at 10 mV &.

E vs Ag/AgCl (V)

43
Downloaded on 2014-10-07 to IP 143.107.255.190 address. Redistribution subject to EC% terms of use (see ecsdl.org/site/terms_use) unless CC License in place (see abstract).


http://ecsdl.org/site/terms_use

ECS Transactions, 58 (25) 141-145 (2014)

The chronoamperometry experiments were carried out to examine the
performance and stability of the electrocatalysts (Figure 3).
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Figure 3: Chronoamperometry curves at 0.3V (vs. Ag/AgCl) in 1 rifoéthanol
solution in 0.5 mol [* of H,SQ, for the different electrocatalysts.

PtSn/C electrocatalyst RFX showed similar performance of the commercial PtSn/C
BASF while PtSn/C ATC showed the best performance, which could be attributed
to the presence of Pt and Snhases on its surface. It has been described in the
literature that PtSn/C electrocatalysts containing Pt(fcc) and fim&es exhibited
superior performance for ethanol electro-oxidation [4, 7-9]

Conclusions

PtSn/C electrocatalyst prepared by an alcohol-reduction process under autogeneous
pressure showed superior performance (amperes per gram of Pt) compared to the
material prepared under reflux and to commercial PtSn/C BASF. The superior
performance could be attributed to a small crystallite size and probably to a more
homogeneous distribution of Pt-(fcc) and Srihases on the carbon support. A
more detailed analysis of the catalyst surface was necessary to understand its
activity and it was under investigation.
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