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P.S.C.3.
Platinum Nanocatalysts at Titanium Oxide Based Supports
for Low Temperature Fuel Cell Applications

Lijiliana M. Gaiji¢ Krstajic', Nevenka R. Elezo#f, Biljana M. Babé®,
Velimir R. Radmilové*, Nedeljko V. Krstajt*
NInstitute of Technical Sciences of SASA, Knez Mihailova 35, Belgrade, $edtityte for
Multidisciplinary Research, University of Belgrade, Belgrade, Sefbim¢a Institute of Nuclear
Sciences, University of Belgrade, SerBfgaculty of Technology and Metallurgy, University of
Belgrade, Belgrade, Serbia

A comparative study on catalytic activity of platinum nanoparticles on different titanium oxide
supports for proton exchange membrane fuel cells reactions was performed. Non stoichiometric
titanium oxides — Ebonex, niobium doped titanium oxide and ruthenium doped titanium oxide
were applied as the supporting materials.

Platinum nanocatalysts (20% Pt) on different support were synthesized by impregnation or
borohydride reduction method. Synthesized supports and catalyst were characterized by BET
(Brunauer, Emmett, Teller), X-ray diffraction (XRD) and high resolution transmission electron
microscopy (HRTEM). Homogenous Pt nanoparticles distribution over the niobium and
ruthenium doped Ti@support, without pronounced particle agglomeration was confirmed by
HRTEM technique. The average Pt particle size was 3 nm and 5.4 nm for Pt at niobium doped
TiO, and ruthenium doped TiD respectively. However, it was not possible to determine
accurately average Pt particle size at Ebonex support, due to the non-uniform distribution of the Pt
nanoparticles. Electrochemically active Pt surface area of the catalysts was determined by
integration of the cyclic voltammetry curve in the potential region of underpotential deposition of
hydrogen, after double layer charge correction, taking into account the reference valu@©f 210
cm? for full monolayer coverage.

Kinetics of the oxygen reduction reaction at Pt nanocatalysts on different titanium based supports
was studied by cyclic voltammetry and linear sweep voltammetry at rotating gold disc electrode.
Two different Tafel slopes at Pt catalysts on niobium and ruthenium doped supports were
observed: one close to 60 mV deia low current density region, and other ~120 mV dec-1 in
higher current densities region. Only at Ebonex based support one single Tafel slope (~ 106 mV
dec’) was observed. The specific activities for oxygen reduction, expressed in terms of kinetic
current densities per electrochemically Pt active surface area, as well as per mass of Pt loaded, a
the constant potential of practical interest (0.85 V and 0.90 V vs RHE, where the mass transport
contribution current can be neglected), were compared to carbon supported one, with the same Pt
loading. Stability tests, by repetitive cycling from 0.03V to high anodic potentials (up to 1.4 V vs
RHE) were performed. The advantages of carbon free supports application in terms of stability,
durability and life time of the catalysts were discussed.
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