INTERNATIONAL JOURNAL OF HYDROGEN ENERGY 36 (2011) II5I19—I11527

journal homepage: www.elsevier.com/locate/he

Available at www.sciencedirect.com | international Journal of
YDROG!

-227 . .
*s’ ScienceDirect

PtSnCe/C electrocatalysts for ethanol oxidation: DEFC and
FTIR “in-situ” studies

R.F.B. De Souza®, L.S. Parreira®, J.C.M. Silva?, F.C. Simées®, M.L. Calegaro®, M.J. Giz°,
G.A. Camara®, A.O. Neto%, M.C. Santos **

3LEMN — Laboratdrio de Eletroquimica e Materiais Nanoestruturados, CCNH — Centro de Ciéncias Naturais e Humanas,
UFABC — Universidade Federal do ABC, CEP 09.210-170, Rua Santa Adélia 166, Bairro Bangu, Santo André, SP, Brazil

P Grupo de Materiais Eletroquimicos e Métodos Eletroanaliticos, Instituto de Quimica de Sdo Carlos, Universidade de Sédo Paulo,
Caixa Postal 780, 13566-590 Sdo Carlos, SP, Brazil

¢ Departamento Quimica — DQI, Universidade Federal de Mato Grosso do Sul — UFMS, Av. Fellinto Muller, 1555, P.O. Box 549,

79070-900 Campo Grande, MS, Brazil

dnstituto de Pesquisas Energéticas e Nucleares, IPEN, CNEN/SP, Auv. Prof. Lineu Prestes, 2242 Cidade Universitdria, CEP 05508-900,

Sdo Paulo, SP, Brazil

ARTICLE INFO

Article history:

Received 2 January 2011
Received in revised form

23 March 2011

Accepted 2 May 2011
Available online 28 July 2011

Keywords:

Ethanol oxidation reaction
Electrocatalysis
Platinum—tin alloys

Ceria

Polymeric precursor method

ABSTRACT

The ethanol oxidation reaction (EOR) was investigated using PtSnCe/C electrocatalysts in
different mass ratios (72:23:5, 68:22:10 and 64:21:15) that were prepared by the polymeric
precursor method. Transmission electron microscopy (TEM) showed that the particles
ranged in size from approximately 2 to 5 nm. Changes in the net parameters observed for
Pt suggest the incorporation of Sn and Ce into the Pt crystalline network with the formation
of an alloy between Pt, Sn and/or Ce. Among the PtSnCe catalysts investigated, the 68:22:10
composition showed the highest activity toward ethanol oxidation, and the current—time
curves obtained in the presence of ethanol in acidic media showed a current density 50%
higher than that observed for commercial PtSn/C (E-Tek). During the experiments per-
formed on single direct ethanol fuel cells, the power density for the PtSnCe/C 68:22:10
anode was nearly 40% higher than the one obtained using the commercial catalyst. Data
from Fourier transform infrared (FTIR) spectroscopy showed that the observed behavior for
ethanol oxidation may be explained in terms of a double mechanism. The presence of Sn
and Ce seems to favor CO oxidation, since they produce an oxygen-containing species to
oxidize acetaldehyde to acetic acid.
Copyright © 2011, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights
reserved.

1. Introduction

The development of materials for ethanol oxidation reaction

biomass, and it is less toxic than other alcohols [6—8]. In
contrast, the total oxidation of ethanol is difficult to achieve [8§].
The complete electro-oxidation of ethanol to CO, involves

(EOR) is very important for improving the efficiency of direct 12 electrons per molecule and many adsorbed intermediates
ethanol fuel cells (DEFC) [1-5]. DEFCs are attractive devices [9]. It has generally been reported that the main products
because the fuel (ethanol) can be produced in large scale from formed during EOR are acetic acid and/or acetaldehyde

* Corresponding author. Tel.: +55 11 4996 0163; fax: +55 11 4437 8350.
E-mail address: mauro.santos@ufabc.edu.br (M.C. Santos).
0360-3199/$ — see front matter Copyright © 2011, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.ijhydene.2011.05.016


mailto:mauro.santos@ufabc.edu.br
http://www.sciencedirect.com
http://www.elsevier.com/locate/he
http://dx.doi.org/10.1016/j.ijhydene.2011.05.016
http://dx.doi.org/10.1016/j.ijhydene.2011.05.016
http://dx.doi.org/10.1016/j.ijhydene.2011.05.016

11520

INTERNATIONAL JOURNAL OF HYDROGEN ENERGY 36 (2011) II5I19—I11527

[10—-12]. However, ethanol is electrochemically oxidized
through different pathways, and the oxidation reaction is
dependent on parameters, such as the catalytic surface, the
concentration of the alcohol and the pH of the environment.
Thus, it is more difficult to elucidate the exact mechanism of
ethanol electro-oxidation.

The high activity and stability of Pt anodes [8], especially
under acidic conditions, make it a suitable electrocatalyst for
the electro-oxidation of many small organic molecules. At
moderate temperatures, pure platinum is not an effective
anode catalyst for ethanol or methanol electro-oxidation
because it is poisoned by strongly adsorbed intermediates.
Adsorbed carbon monoxide (CO,g4s) is one of the main
poisoning species under these conditions. Pt-based alloys
contain a second [13—15] or a third metal [6,16,17] to enhance
the electrocatalytic properties of platinum by overcoming the
poisoning related to methanol or ethanol electro-oxidation
intermediates.

In a recent work, De Souza et al. [15] used PtCeO,/C elec-
trocatalysts and showed that PtCeO,/C (1:3) has greater
ethanol electro-oxidation activity than Pt/C and PtRu/C E-Tek
materials. The higher activity was attributed to several
intrinsic features, such as reduced poisoning by the strongly
bound intermediates, maximum utilization of the catalyst
surface for particle sizes of 4 nm and water activation by an
indirect bifunctional mechanism [18—20]. Additionally Qin
et al. [21] showed that the addition of CeO, to platinum cata-
lysts could produce active anode catalysts for ethanol electro-
oxidation. These catalysts were prepared by different proce-
dures: 1) physically mixing the Pt/C catalyst with CeO,, 2)
adsorbing Pt nanoparticles on CeO, coated carbon nanotubes
and 3) co-precipitating Pt(IV) ions and Ce(lll) on a carbon
support, followed by reduction with NaBH,.

Binary materials based on Pt and Sn are reported in the
literature as the most effective for ethanol oxidation
[1,7,22—24]. The promoting effect of Sn on the activity of Pt
catalysts has been comprehensively analyzed [1]. Based on
this review and other related works [25—29], it is clear that the
optimum Sn content in a binary Pt—Sn catalyst system has yet
to be determined and that the optimal ratio appears to be
dependent on both the cell temperature and the ratio of
alloyed [22,25] and non-alloyed tin [30].

The synergic effect of ceria (used as support) and tin has
been studied [31-33]. It was shown that PtSn/CeO,—C elec-
trocatalysts, prepared by an alcohol-reduction process (single
step process), are more active for ethanol oxidation than the
analogous PtSn/C catalysts. Fourier transform infrared (FTIR)
studies of ethanol oxidation on PtSn/C electrocatalysts found
that acetaldehyde and acetic acid were the main products
formed, while the main products formed on PtSn/CeO,—C
electrocatalysts were CO, and acetic acid. For the product
analysis, the band intensities of the species were taken into
account rather than the integrated band intensities [32].

To combine the electrocatalytic effects reported for Sn
alloys (electronic effect) and CeO, (indirect bifunctional
mechanism), this work presents the preparation of PtSnCe/C
electrocatalysts, using a modified polymeric precursor method
(PPM) [15,22], for the ethanol oxidation reaction. The electro-
catalyst was characterized by X-ray diffractometry (XRD) and
transmission electron microscopy (TEM). Its performance was

evaluated by chronoamperometry and polarization/density
power curves in a direct ethanol fuel cell. The mechanism of
EOR on PtSnCe/C electrocatalysts was studied using in situ FTIR
spectroscopy. The results show that one of the materials
synthesized (PtSnCe/C 68:22:10) combines two characteristics
required for ethanol electro-oxidation: 1) a weakening of the
CO-adsorption and 2) the capability to produce superficial
oxides that promote the oxidation process, resulting in
a material with good catalytic activity.

2. Experimental
2.1. Preparation of PtSnCe/C electrocatalysts

ptSnCe (20% w/w) on a carbon XC-72 electrocatalyst was
prepared using a modified polymeric precursor method
[15,22,34,35], with mass ratio of 1:50:400 (metallic precursor:
citric acid (CA): ethylene glycol (EG)) was used to prepare the
polymeric resin. Chloroplatinic acid (H,PtCls-6H,0, Sigma-
—Aldrich), tin chloride (SnCl,-2H,0, Merck) and Cerium(III)
chloride (CeCls, Merck) were used as precursors. After prepa-
ration, the polymeric resin was stored under refrigeration.
The catalysts were prepared by placing a pre-determined
volume of the resin into an appropriate amount of carbon
vulcan XC-72 (Cabot Corporation), followed by the addition of
sufficient EG to cover the carbon powder. The pre-determined
volume of the resin was chosen to yield products containing
Pt, Sn and Ce in mass ratios of 72:23:5, 68:22:10 and 64:21:15.
These mixtures were homogenized in an ultrasonic bath for
60 min and thermally treated at 400 °C for 2 h in an N, atmo-
sphere to remove the solvent.

2.2. Physical characterization

The XRD analysis was performed using a Rigaku Multiflex
diffractometer with a CuKa radiation source. Morphological
information for the catalysts was obtained with an FEI Tecnai
G2 20 TEM, operating at 200 kV.

2.3. Electrocatalyst activity

Electrochemical measurements were performed at room
temperature (T =25 °C) with an Autolab PGSTAT 302N poten-
tiostat. Glassy carbon (GC) was used as support for the
working electrodes with 0.2 cm? of geometric area. A Pt sheet
was used as the counter electrode, and a reversible hydrogen
electrode was used as the reference. The GC support was
polished to a mirror finish with 1 pm of alumina suspension
and washed in a mixture of ethanol and water before each
experiment. The water used in all experimental procedures
was obtained from a Millipore Milli-Q system.

The working electrodes were constructed by dispersing
8 mg of the electrocatalyst powder in 1 ml water and mixing it
for 5 min in an ultrasonic bath. Afterwards, 20 pl of Nafion®
solution (5%) was added, and the suspension was mixed again
in the ultrasonic bath for 15 min. 16 pl aliquots of the disper-
sion were pipetted onto the glassy carbon support surface.
The electrode was dried at 60 °C for 20 min and then hydrated
for 5 min in water.
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