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Abstract

This research aims at enhancing catalytic activity of anodic Pt-based catalysts towards
ethanol oxidation reaction and also direct ethanol fuel cells. Three parts of the study,
including treatment of carbon support, activity of carbon-supported catalysts and
activity of unsupported catalysts, were carried out. Firstly, Vulcan XC-72R carbon was
pretreated using acid and thermal activation approaches, and the carbons obtained were
then used as supports for PtSn/C catalysts synthesized by a successive reduction
method. The results showed that pretreatment by HNO; produced various oxygenated
functional groups on the support surface and increased its acidic property. The strong
acidity of the acid-treated support led to an unfavorable condition for the Pt reduction
reaction and resulted in low Pt content but high Sn:Pt ratio in the PtSn/C catalyst. On
the other hand, thermal activation increased the base functional groups on the support
surface, which enhanced reduction of Pt precursor, and consequently provided an
average metal particle size of 2.2 nm which is smaller than that of acid treatment. The
results from cyclic voltammetry, chronoamperometry and cell performance testing
confirmed that the catalytic activity for ethanol oxidation and the performance in the
direct ethanol fuel cell fabricated from the heat-treated carbon-supported PtSn catalyst
were superior to those of the fresh PtSn/C catalyst and the acid-treated carbon-supported
PtSn catalyst. Even comparing to commercial Pt/C and Pt3Sn,/C electrodes, the heat-
treated carbon-supported PtSn electrode yielded better fuel cell performance. Moreover,
the oxidation of ethanol was enhanced by the consecutive deposition of Pt precursor on
the heat-treated carbon-supported tin oxides, due to the combination effects between
high metal content and well dispersion of metal on the supports.

For unsupported catalyst study, mesoporous Pt and PtSn nanoparticles were prepared
through liquid crystalline templating technique. The result disclosed that the average
crystallite size of the prepared Pt and PtSn samples was around 4.3 nm with high
electrochemical active surface area of 41 m*.g”' and 51 m>.g”', respectively. From cyclic
voltammetry data, it was found that addition of 9 at.% Sn in the PtSn sample promoted
ethanol oxidation at low potential of 0.2 V vs. RHE and yielded higher electrical current
than the pure Pt. Moreover, introducing Ru and Os as a third metal into the PtSn sample
led to a decrease in their particle sizes, but not increase in their active surface areas
because more tin oxides contained in those ternary catalysts acted as a separator and
partially covered the active sites. Investigation on ethanol oxidation activity of the
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catalysts showed that both ternary catalysts gave the lower onset potentials and the
larger currents than PtSn did. However, the higher activity for ethanol oxidation was
found in PtSnOs since more oxophilic Os catalyzed the oxidation of CO. Furthermore,
the role of Ru and Sn on activity of mesoporous PtRu and PtRuSn for ethanol oxidation
was investigated. From x-ray diffraction analysis, the degree of Ru alloyed in PtRu and
PtRuSn samples was 31% and 22%, respectively, implying that the unalloyed Ru oxide
was favorably formed as Sn was incorporated into the PtRu. The results from
chronoamperometry revealed that the long-term poisoning rate of PtRu catalyst was
higher than that of PtRuSn catalyst at low potentials (< 0.4 V vs. RHE) but not at high
potentials (> 0.5 V vs. RHE). As a result, Ru and Sn showed different promotion effects
for ethanol oxidation. Sn would promote dissociative adsorption of ethanol molecules
while the role of Ru was to activate water molecules. The combination of the promoting
roles of Ru and Sn was, therefore, contributed to the improvement of the overall ethanol
oxidation in PtRuSn catalyst.

Keywords : Direct Ethanol Fuel Cells / PtSn/C / Ethanol Oxidation Reaction /
Mesoporous Catalyst / Liquid Crystalline Templating Technique
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