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Direct ethanol fuel cells are based in ethanol electro-oxidation at low temperature and they

constitute an alternative energy conversion system. However, they need catalysts in order

to improve their efficiency, given that ethanol electro-oxidation is a slow-kinetic reaction.

Among those catalysts platinum and platinum alloys play an important role in the increase

of the ethanol cleavage kinetics for fuel cell application. However, to maximize the catalyst

performance, support materials are needed in order to reduce the catalyst load considering

its high cost. One of the more versatile catalyst supports is activated carbon. Recently,

attention has focused on wood as carbon material precursor, because of its sustainability

and also because the obtained carbons have excellent final properties. In the present work,

activated carbon obtained by physical activation of Eucalyptus grandiswood (biocarbon) was

tested as Pt and PtSn catalyst support, for ethanol electro-oxidation reaction. For com-

parison purposes, commercial activated carbon Vulcan XC72 was also tested. The catalyst

supports were characterized by textural analysis, elemental analysis and infrared spec-

troscopy. The obtained catalysts were characterized regarding structure by XRD and their

electrochemical behavior was evaluated by cyclic voltammetry. Biocarbon-supported PtSn

electrocatalysts showed better electrochemical performance related to the commercial

activated carbon (Vulcan XC72)-supported ones, since its developed current density and

potential were the highest and its onset potential was the lowest. However, pure platinum

showed better values for current density, potential and onset potential in Vulcan XC72-

based activated carbons, being the untreated one the best support in this case.

Copyright © 2014, Hydrogen Energy Publications, LLC. Published by Elsevier Ltd. All rights

reserved.
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Introduction

Energy conversion from renewable sources has motivated the

development of new technologies, aiming to increase the

transformation efficiency. In this context, Direct Ethanol Fuel

Cells (DEFC) have been seen as environmentally viable alter-

native energy sources [1].

DEFC are low temperature fuel cells, whose redox reactions

have slow kinetics. It makes necessary the use of noble elec-

trocatalysts, capable of accelerating those reactions. Platinum

is well known as the most suitable catalyst for fuel cell re-

actions because of its excellent catalytic activity and stability,

mainly in acidic media [2].

Regarding platinum-based electrocatalyst, it is also well

known that the natural reservoirs and the price of this metal

are themain factors because of which alternatives are sought.

Among those alternatives, there is the incorporation of the

minimum necessary Pt amount, as well as the setting of the

adequate conditions to enhance its activity. In this case, het-

erogeneous catalysis can be applied in order to use a catalyst

deposit (support) with the higher surface area and with

extremely small catalysts particles (nanoparticles) [3]. These

particles may be composed of pure platinum or an alloy

constituted by platinum and another metal. These metals or

alloys are dispersed in a conductive carbonaceous matrix that

works as catalyst support [4].

Namely, platinum is the best catalyst for ethanol electro-

oxidation reaction. However, its catalytic surface can be

quickly poisoned due to the strong adsorption of intermediate

species, mainly carbon monoxide, which results of uncom-

pleted ethanol oxidation [4]. The purpose of another element

onto the platinum, as a co-catalyst, not only aims to a catalytic

activity increase, but to poisoning prevention and the way to

guarantee the fuel cell performance.

Supported metal and metal oxide catalysts are indispens-

able for energy and chemical industries to reduce consump-

tion of raw materials and to minimize the production of

waste. Control over the preparation of supported metal cata-

lysts is necessary to improve their key properties as activity,

selectivity, and stability [5].

Support materials have an enormous influence on the

catalyst performance, taking into account that the support

settles the particle distribution, electrochemically active area,

catalyst stability, mass transport and electronic conductivity.

Also, catalyst needs a high surface area that can be enhanced

by the support. An optimal catalyst support can diminish the

required catalyst amount and thus its cost. Recent studies

revealed that the carbonaceous support properties can affect
Table 1 e Carbons and activated carbons used

Samples

Vulcan Carb

with

a-Vulcan Carb

800 �

a-BC Bioca

activ
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significantly the electrochemical properties of the catalyst in a

fuel cell [6]. It was stated that carbon materials with high

surface area not only may increase the platinum nano-

particles dispersion but ease the electron transfer, which

improves the fuel cell performance.

The advent of nanostructured support materials such as

orderedmesoporousmaterials, carbon nanofibers, and carbon

nanotubes provides opportunities for novel supported metal

and metal oxide catalysts. Carbon nanofibers and carbon

nanotubes are promising support materials in view of, among

others, the control of surface properties, chemical inertness,

the high accessibility, thermal stability, mechanical strength,

and tunable bulk density [5,7,8]. These properties are also

present in activated carbon.

Activated carbon precursor can be vegetal or mineral.

Mineral carbon is a natural fossil fuel extracted from the Earth

through mining, while, vegetal activated carbon is obtained

from biomass, through a carbonization process.

Commercial Vulcan XC72 (Cabot Co.) is obtained by ther-

mal hydrocarbon decomposition and it is constituted basically

by carbon spherical nanoparticles with colloidal size, that get

together to form aggregates or agglomerates [9]. This carbon

has been widely used as catalyst support.

Among the materials used for obtaining activated carbon,

wood and coconut shell can bementioned [10]. Due to its high

availability and low sulfur percentage, wood as activated

carbon precursor is economically viable and environmentally

interesting.

Eucalyptus is a worldly cultivated tree, whose growth is

very fast. Its wood is used for furniture and to obtain cellulose

pulp. Since some years ago, it has been used to develop highly

microporous activated carbon [11e13]. Also, this precursor is

renewable and has low cost. On the other hand, there is no

background about the application of this kind of activated

carbons as platinum- or platinum alloy-based catalyst

supports.

In this work, activated carbons obtained by physical acti-

vation of Eucalyptus grandis wood and a commercial Vulcan

XC72R were tested as Pt and PtSn catalyst support, for ethanol

electro-oxidation reaction.
Experimental

Carbonaceous catalyst support synthesis

Three different catalyst supports for the Pt and PtSn catalysts

were tested in this work. Their descriptions can be found in

Table 1:
as catalyst supports.

Description

on Vulcan XC72R, supplied by Cabot Co., used

out treatment.

on Vulcan XC72R, activated in CO2 atmosphere, at

C for 2 h.

rbon obtained from Eucaliptus grandis wood

ated in CO2 atmosphere, at 800 �C for 2 h.
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Catalysts synthesis

Electrocatalysts synthesis was already explained in a former

work [14]. Impregnation/reduction method was employed,

using ethylene glycol as reduction agent and H2PtCl6.6H2O,

SnCl2.2H2O salts as catalyst precursors. Carbons were

impregnated with the particles with a metallic load of 40%wt.

The composition of the catalysts and the used supports are

shown in Table 2.
Support characterization

Textural analysis
The supports porous texture was determined by adsorption/

desorption of N2 at 77 K isotherm, with Beckman Coulter SA

3100 equipment. Isotherm analysis was done by Bru-

nauereEmmeteTeller (BET) equation. Total pore volume at

relative pressure of 0.99 and specific surface (SBET) were

determined. Mean pore size (L) was calculated by:

LðnmÞ ¼
4000VT

�
cm3

g

�

SBET

�
m2

g

� (1)

The micropore surface area (Smic) was determined by the

DubinineRadushkevich method.
Ash content

Ash content was determined according to ASTM D2866/2011

[15], and computed by:

%Total Ash ¼ C�A
B� A

� 100 (2)

Where A is the crucibleweight in grams (g), B is the crucible

weight plus the original sample (g) and C is the crucible weight

with the incinerated sample (g).

Volatile matter corresponds to the weight loss.
Elemental analysis

Elemental composition (nitrogen, hydrogen, carbon and sul-

fur) was determined with a Termo Scientific Flash 2000

equipment. The oxygen content was determined by

difference.
Table 2 e Systems of catalysts and catalyst supports.

Samples Description

Pt/Vulcan Untreated Vulcan XC72 supported

Pt

Pt/a-Vulcan a-Vulcan supported Pt

Pt/a-BC a-BC Biocarbon supported Pt

PtSn/Vulcan Untreated Vulcan XC72 supported

Pt:Sn 79:21 alloy

PtSn/a-Vulcan a-Vulcan supported Pt:Sn 79:21

alloy

PtSn/a-BC a-BC Biocarbon supported Pt:Sn

79:21 alloy
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Infrared spectroscopy

All the samples were analyzed by Fourier transform infrared

spectroscopy, using a Shimadzu IRPrestige-2 equipment, to

identify the chemical functions present on the activated car-

bon surface. For the analysis, carbon was diluted in a KBr

pellet.

Catalysts characterization

X-Ray diffraction
X-Ray diffraction analysiswasmadewith a Philips, X'PertMPD

equipment, operating with Cu-Ka radiation, generated with

40 kV and 40 mA. X-Ray diffractogram allows establishing the

crystal structure assumed by the catalyst inside the support.

Cyclic voltammetry

Cyclic voltammetry was done in order to determine the elec-

trochemical behavior of the catalyst in 1.0 M ethanol e 0.5 M

H2SO4 solution. Measurements were carried out at 25 �C, in
deaereated medium, bubbling nitrogen inside the solution

since 10 min before, in order to eliminate the oxygen present

in the medium. At least, three repetitions of the measure-

ments were done, using a potentiostat/galvanostat Omnime-

tra PG39A, with scan rate of 20 mV/s [16], in a potential range

from �0.04e0.96 V versus saturated calomel electrode (SCE).

The voltammograms presented in this work represent the

tenth voltammetric cycle applied upon eachmaterial. A three-

electrode cell was used, with platinum as counter-electrode

and SCE as reference electrode. As working electrode a

graphite disk was used with a geometric area of 0.29 cm2,

which was coated with a mixture of catalyst powder in

Nafion®. The preparation procedure of the working electrodes

consisted of dispersing supported catalysts particles in

ethanol (Merck) and Nafion® (5% wt, Aldrich). After that, the

electrodes were dried in an oven at 25 �C, aiming to evaporate

the ethanol.
Results and discussion

Textural analysis

Table 3 shows the textural characterization results for the

catalyst supports.

A significant difference in surface area between commer-

cial carbons and biocarbon is observed. Biocarbon had a sur-

face area very much higher than the one for the Vulcan

precursor carbons; also its microporous surface was consid-

erably higher than the ones for Vulcan and a-Vulcan.
Table 3 e Textural characterization for the activated
carbons.

Sample VT (cm3/g) Smic (m
2/g) SBET (m2/g) L (nm)

Vulcan 0.44 103 216 8.20

a-Vulcan 0.39 86 230 6.88

a-BC 0.47 632 787 2.41

tivated carbon porous texture on catalyst activity for ethanol
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Table 4 e Elemental analysis results for the catalyst
supports and for the precursor Eucalyptus grandis.

Sample C% H% N% S% Ash% O%

Vulcan 96.42 0.61 0.00 0.61 2.16 0.20

a-Vulcan 96.39 0.50 0.00 0.44 2.38 0.29

Eucaliptus grandis Wood 49.50 6.50 0.00 0.00 0.40 43.6

a-BC 82.16 1.75 0.00 0.00 6.10 9.86

Table 5 e Lattice parameters and crystallite sizes for the
studied electrocatalysts.

Sample Lattice parameter (Å) Crystallite size (nm)

Pt/Vulcan 3.92 4.72

Pt/a-Vulcan 3.92 3.00

Pt/a-BC 3.91 4.81

PtSn/Vulcan 3.96 3.03

PtSn/a-Vulcan 3.94 3.00

PtSn/a-BC 3.95 3.15

i n t e r n a t i o n a l j o u r n a l o f h y d r o g e n en e r g y x x x ( 2 0 1 4 ) 1e84
Although a sample of Vulcan was submitted to activation (a-

Vulcan), the surface area showed a slight increase meanwhile

the pore size and volume slightly diminished. These changes

can be due to a micropore widening that took place during the

activation process and force this trend. Henceforth, it can be

stated that Vulcan carbon did not suffered significant alter-

ations in its porous texture with the activation. The predom-

inant texture for all the activated carbons was mainly

mesoporous (2 nm < Lpore < 50 nm).

Elemental analysis

Table 4 shows the C, H, N, S, O and ash percent for the studied

carbons and for the biocarbon precursor, E. grandis.

Vulcan carbon showed high carbon content and low oxy-

gen percentage (less than 1%). It can be seen that sulfur con-

tent is not negligible for the mineral support, being higher

than oxygen content, which is explained by its obtaining way.

Biocarbon does not show sulfur content because there is not

sulfur in the precursor.

a-Vulcan carbon has a similar composition to Vulcan. This

result is expected, taking into account that physical activation

with CO2 atmosphere induces the development of porosity

and eliminates hydrogen and oxygen from the carbonaceous

matrix, confirming the Vulcan low reactivity with CO2 [17,18].

Infrared spectroscopy

Fig. 1 shows the infrared spectra for the studied supports.

According to Fig. 1 and Table 5, all the samples showed

strong C]O stretching between 1750 cm�1 e 1250 cm�1 that
Fig. 1 e Infrared spectra for Vulcan, a-Vulcan and a-BC

carbons.
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correspond to carboxylic (1700 cm�1) and lactonic

(1730e1705 cm�1) groups. Also, there is the presence of an

eOH in-plane bending (1430 cm�1). These oxygenated

groups match with the oxygen content in the elemental

analysis.

After the Vulcan activation, it is noticeable that the

chemical functions are maintained in the a-Vulcan, because

the presence of the former bands does not change. Further-

more, Vulcan carbons show structures with C]C bonds

(2260 cm�1), an anhydrous CeO stretching (1300 cm�1) and an

eOH carboxylic stretching at 2900 cm�1. Also there is a

phenolic stretching (3500 cm�1) that appears to be stronger in

the untreated Vulcan. 700e400 cm�1 band corresponds toeOH

(hydroxyl groups) stretching. Untreated Vulcan shows lower

oxygen content and a higher hydrogen percentage as seen in

the elemental analysis, which matches with the presence of a

hydroxyl band (1200e1000 cm�1 and 700e400 cm�1). That

hydroxyl band disappeared for a-Vulcan; it can be explained

by the bonding of the oxygen inside the molecules instead of

being a functional group, as well as the elimination of these

atoms during the activation [16,17,19].

Biocarbon a-BC shows a C]C aliphatic stretching (2260

cm-1), as well as a phenolic stretching between 3550 and

3500 cm�1 and a lactonic band between 1700 and 1500 cm�1.

There are also strong in-plane and out-of-plane bendings

(1275e1000 cm�1 and 700 cm�1 respectively), typical for CeH

bonds in aromatic structures.
Catalyst characterization

X-Ray diffraction
X-Ray diffractograms for the supported metallic catalysts are

shown in Fig. 2.

2q angles for the maximum diffraction peaks were deter-

mined from the X-Ray diffraction. Zhou et al. [20] attributed

the diffraction peaks at 39�, 46�, 68� e 81� to the (1 1 1) (2 0 0) (2 2

0) e (3 1 1) planes for platinum; they show a typical centered

face cubic (CFC) crystal structure for crystalline platinum.

Peak at 87� corresponds to (2 2 2) plane, that also belongs to

CFC platinum [21]. Peaks found for the catalysts show angles

similar to those related, revealing a CFC crystal structure for

platinum.

Comparing synthesized electrocatalysts it is possible to

observe that PtSn alloys have average lattice parameter value

higher, in comparisonwith pure platinum. It involves a crystal

grid dilatation.

Equation (3), based on the Bragg's law [22] is valid for

crystalline cubic symmetry [23] and it can be used to estimate

lattice parameter a.
ctivated carbon porous texture on catalyst activity for ethanol
4), http://dx.doi.org/10.1016/j.ijhydene.2014.07.103

http://dx.doi.org/10.1016/j.ijhydene.2014.07.103
http://dx.doi.org/10.1016/j.ijhydene.2014.07.103


Fig. 2 e X-Ray diffractogram for a) Vulcan, b) a-Vulcan and c) a-BC supported Pt and PtSn catalysts.
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a ¼ nl
2sinq

:
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h2 þ k2 þ l2

p
(3)

Where, n represents the reflection order (it was considered

n ¼ 1 e first order reflection), l is the wavelength (1.5418 nm

for Cu-Ka radiation), q is the half of 2q of the four peaks and h,

k, l are theMiller index for (1 1 1) (2 0 0) (2 2 0) and (3 1 1) planes.

For each planes, it was determined a lattice parameter value,

and an average value is presented in Table 6.

Comparing the systems Pt/Vulcan, Pt/a-Vulcan, Pt/a-BC,

PtSn/Vulcan, PtSn/a-Vulcan and PtSn/a-BC, it is observed that

Sn addition brings about the peak shift for lower 2q angle

values, compared with pure platinum. Similar results were

already reported by other author [14,24], and the peak shift in

the PtSn spectrum was attributed to the formation of a PtSn

alloy and not only the deposition of these elements
Table 6 e Maximum current density and potential for oxidatio

Sample Direct scan

i (mA.cm�2) Emax (mV)

Pt/Vulcan 24.98 ± 11.83 824.33 ± 27.59

Pt/a-Vulcan 29.91 ± 10.76 804.00 ± 63.15

Pt/a-BC 19.16 ± 0.81 770.66 ± 20.50

PtSn/Vulcan 52.00 ± 5.87 824.61 ± 17.17

PtSn/a-Vulcan 52.00 ± 10.25 818.66 ± 10.96

PtSn/a-BC 64.94 ± 1.70 902.00 ± 13.52
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separately. Dilatation of crystal lattice can facilitate the CeC

bond cleavage, which enhances the catalyst activity related to

pure platinum and, hence, it contributes for the ethanol

oxidation. Also, when tin forms alloy with platinum, it can

transfer its electronic charge due to the low tin electronega-

tivity and weaken the PteC ligand bond. In consequence,

there is a reduction in poisoning caused by adsorbed reaction

intermediates [14].

Crystallite size was also estimated from diffractograms by

Scherrer's Equation (4) [25].

t ¼ ðk:lÞ
ðb:cosqÞ (4)

Where t is the crystallite size (in nanometers), l is the wave-

length (in nanometers), b is the full width at half-maximum

(FWHM) (in radians) of the diffraction peak (2 2 0), k is a
n in the direct and reverse voltammetric scans.

Reverse scan

Eonset (mV) i (mA cm�2) Emax (mV)

287.67 ± 32.33 31.34 ± 14.97 656.00 ± 72.79

157.00 ± 10.00 28.58 ± 9.41 576.33 ± 81.68

291.33 ± 36.75 10.00 ± 0.42 470.33 ± 19.73

134.60 ± 5.00 55.25 ± 6 705.00 ± 23.35

187.33 ± 22.12 49.67 ± 18 656.66 ± 64

87.20 ± 43.00 53.67 ± 4.02 751.00 ± 24.98

tivated carbon porous texture on catalyst activity for ethanol
4), http://dx.doi.org/10.1016/j.ijhydene.2014.07.103

http://dx.doi.org/10.1016/j.ijhydene.2014.07.103
http://dx.doi.org/10.1016/j.ijhydene.2014.07.103


i n t e r n a t i o n a l j o u r n a l o f h y d r o g e n en e r g y x x x ( 2 0 1 4 ) 1e86
constant (0.94 to spherical crystallites) and q is the diffraction

angle. The crystallite size values are shown in Table 5.

From Table 5, PtSn alloys showed smaller crystallite size,

independent of the support. For the activated Vulcan, crys-

tallite size did not change for both Pt and PtSn alloy. May be, it

can be related to a higher dispersion of the alloy in the sup-

port; i.e. there is less nucleation of the nanoparticles inside

the support, which creates a higher number of active sites. In

addition, it can be seen that the adsorption of the metal spe-

cies crystallites, Pt and PteSn alloy, takes place on the meso-

pores, regarding that the crystallite size is higher than the

micropore size [26].

On the other hand, carbonaceous support had no signifi-

cant influence on the crystallite size growing. It is stated

regarding that the Pt crystallite sizes for the untreated Vulcan

and a-BC had very similar values, with the exception of the

physically activated Vulcan. Something similar took place in

the case of the PtSn alloy that for all the supports indistinctly

had very similar crystallite size values.

Cyclic voltammetry

Electrocatalysts systems (Table 2) electrochemical behavior

was evaluated by cyclic voltammetry in 1.0 M ethanol and

0.5 M H2SO4 solution.

Voltammograms reveal the electrochemical behavior for

platinum-based alloys in acidic medium, with two oxidation

peaks, one in direct scan, and the other in reverse scan. This

voltammetric profile has been reported elsewhere [14,20,24].

The peak in direct sweep can be related to oxidation reactions

of alcohol, whereas the one in reverse sweep could be asso-

ciated to incompletely oxidized carbonaceous residues on the

catalyst surface [24].

The maximum current density values (i) developed by the

analyzed catalyst and their respective potential (Emax) were

determined from Fig. 3. Emax corresponds to the potential at

which the highest current density is developed. The smaller

Emax values, the better the supported catalyst performance.

These data allow obtaining information about catalytic ac-

tivity of synthesized catalysts. Another important parameter

in this evaluation is the onset potential (Eonset), which corre-

sponds to the potential where currents start to increase. All of

these data are shown in Table 6.
Fig. 3 e Cyclic voltammogram for the Vulcan, a-V
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Both Vulcan and a-Vulcan supported Pt and PtSn showed

similar ethanol oxidation potentials, i.e., in the direct scan;

related to those systems, this potential is lower for biocarbon

supported platinum and higher for biocarbon supported PtSn.

Commercial carbon Vulcan supported platinum showed

the highest current densities, compared to the biocarbon

supported platinum. May be, it can be related to the sulfur

content, regarding that, as some authors [27] report, sulfur has

a significant affinity with platinum, makes the catalyst more

stable and improves its catalytic activity.

Supported PtSn alloys developed higher current density

than Pt, revealing a better performance for the catalysts with

Sn addition for ethanol electro-oxidation; i.e. Sn enhances the

catalyst activity (Fig. 3b and Table 6). Also, the presence of Sn

improves the catalytic activity that can be related to the effect

of lattice contraction and the small crystallite size [28]. The

modified electronic structure of platinum weakens the CO

adsorption, which reduces the catalyst poisoning [29e32].

Biocarbon supported PtSn electrocatalyst had the highest

current density in the direct (anodic) scan, compared to the

both commercial Vulcan carbons, in as far as it showed a

decrease in the ethanol oxidation startup potential (Table 6). It

proves the viability of biocarbon for applications in fuel cells.

An important parameter in cyclic voltammetry analysis is

the standard deviation in the current density and potential

values. Standard deviation can be associated to the hetero-

geneity in the electrocatalyst structure [14]. A high potential

deviation could indicate the presence of different metallic

phases, as a high current density deviation can be related to a

heterogeneity toward metal particle distribution on the car-

bon surface. In the synthesized electrocatalysts, it is not

possible to verify a significant variation in the potential values

(Table 6), indicating the presence of few phases, or just one,

which is in agreement with the deposition of only one metal

and the alloy formation for the Pt and Sn deposition. The

standard deviation of current densities values observed is

probably associated to the irregularity in the distribution of

the particles on the carbon surface [14]; since standard devi-

ation of current density are, in general, very low, particle

distribution seems to be homogeneous throughout the carbon

surface, especially for the biocarbon.

Pt and PtSn deposition on carbonaceous supports is

enhanced by the carbon surface chemistry since oxygenated
ulcan and a-BC supported a) Pt and b) PtSn.

ctivated carbon porous texture on catalyst activity for ethanol
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functional groups constitute preferential sites for the devel-

opment of the ligand chemistry that allows the metal reduc-

tion and, hence, the metal deposition [29,30]. Due to the low

values of the standard deviation in the electrochemical results

it is possible to propose that there was a uniform deposition of

the platinum on the Vulcan and a-Vulcan carbons and of the

alloy PtSn on biocarbon. These characters can be explained by

the surface chemistry of the carbons, since the presence of

oxygenated groups (phenolic, lactonic and carboxylic) seem to

be preferential sites for the platinum and alloy depositions,

regarding the FTIR spectra and the elemental analysis. How-

ever, the preferential groups for the metal and the alloy de-

positions need further study to be determined [30].

Onset potentials reveal that the oxidation of the species

starts at lower potentials for untreated Vulcan and a-BC car-

bons supported PtSn alloy. It involves less external power

supply in order to startup the electrochemical reactions, as

well as in the DEFC operation [14]. Since untreated Vulcan and

a-BC carbons supported PtSn crystallite sizes are 3.03 and

3.15 nm, perhaps the catalyst has a suitable nanoparticle dis-

tribution throughout the whole catalyst support surface area

that enhances theprofiting of the catalytic surface area, hence,

the catalyst activity, andensures theelectrolyteaccessibility to

the active sites due to the better catalyst dispersion on the

support. Regarding pure platinum catalyst, a-Vulcan support

with 3.0 nm crystallite size is suitable to reduce the onset po-

tentials that have values of 100mV higher in comparison with

the other two carbon supports Vulcan and a-BC.

Untreated Vulcan and a-Vulcan supported Pt and PtSn

catalysts performance did not show a significant support in-

fluence on the potentials and current densities during the

anodic and cathodic scan. It was concluded by the voltam-

metry values in Table 6, that they are very similar to each

other. However, their onset potentials differ depending on the

cristallyte size of the catalyst, as it was aforementioned.
Conclusion

Activated carbons obtained by physical activation of euca-

lyptuswood and a commercial Vulcan XC72Rwere tested as Pt

and PtSn catalyst support, for application in DEFC. For plat-

inum catalyst, the commercial carbon supports showed good

performances regarding that platinum deposited on them has

the smallest crystallite size. PtSn was very well dispersed on

biocarbon, with small particle size, and has good electro-

chemical performance on this support. Biocarbon showed a

higher surface area than the commercial activated carbons. X-

Ray diffraction confirmed the Pt deposition on the catalyst

supports and it was demonstrated that Pt and Sn deposition

involves an alloy formation. The best electrochemical per-

formance corresponded to biocarbon supported PtSn alloy,

since its current densities and peak potentials were the

highest and it onset potentials, the lowest. According to this, it

can be stated that biocarbon are adequate for fuel cell appli-

cations. Also, since electrochemical behaviors differ among

supports, it can be concluded that support influenced in the

different catalyst performance.
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