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The effect of tin (Sn) and ruthenium (Ru) on the electrocatalytic activities of
electro-oxidation on methanol at platinum wire (w-Pt), platinized platinum (p-Pt) and
platinum bonded to solid polymer electrolyte membrane (Pt-SPE) electrodes are being
investigated by cyclic voltammetry and chronoamperometry.

Using underpotential deposition, w-PtSn, w-PtRu, p-PtSn and p-PtRu electrodes
with various amounts of metal coverage were prepared. A chemical reduction method was
employed for the preparation of Pt-SPE and modified Pt-SPE electrodes. The morphology
and the characteristics of catalytic particles on the electrode surface were studied by SEM-
EDX and XRD techniques. The metal contents on the electrodes were determined by ICP-
MS.

The influence of roughness factor and the characteristics of tin or ruthenium
modified platinum electrodes were clearly demonstrated by electro-oxidation of 0.5 M
H,SO; with and without methanol on w-Pt and p-Pt electrodes. All modified electrodes,
with metal coverage about 0.5 provide the highest quasi-steady state current at E=0.25 V.
The best condition for preparation of Pt-SPE electrode is 0.013 M Pt solution, 0.095M
NaBH, and a reduction time at 60 min. The reproducibility of this Pt-SPE electrode was
found at 0.156 + 0.002 A/cm? (n=3) at 0.5 M CH;OH and 1.419 + 0.041 mg/cm’ (n=3)
platinum loading. The current density, iy/R, values are in the order of: Pt-SPE > p-Pt > w-
Pt . The highest quasi-steady state current at E=0.3 V was obtained at the optimum metal
to platinum ratio of 0.052 and 0.027 for Ru and Sn, respectively. The ‘micro cracked’
multi-layers catalyst of non-uniform size distribution were observed on the SPE and partly
in the membrane. The particle size on PtRu-SPE electrode depends on the Ru content. The
particle size distributions of Pt and PtSn particles on SPE electrodes are similar, which can
be confirmed by the XRD patterns of Pt- and PtSn-SPE electrodes.

For our study, Pt-SPE and modified Pt-SPE have been successfully prepared and
characterized. The catalytic activity enhancement for methanol oxidation at E=0.3 V for
PtSn- and PtRu-SPE electrodes are 3.3 and 12.5 times higher than the activity of Pt-SPE
electrode, resulting from their bifuctional mechanism.
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