Palladium-copper bimetallic nanocatalyst for electrochemical
ethanol oxidation and oxygen reduction in alkaline media

INTRODUCTION

e Ethanol is non-toxic and its crossover through a membrane is lower than methanol due to its
larger molecule size. However, the splitting of C—C bond in ethanol is energetically difficult and
much effort in electrocatalysts’ improvement is still needed to take the advantage of the high
mass energy density of ethanol [1,2].

e Electrochemical oxidation of alcohols requires a noble metal, Pt or Pd, to adsorb the molecule,
but also some other oxophilic metal to facilitate further reaction of the adsorbed
intermediates [3,4,5]. Copper is inactive for alcohol oxidation but its addition to palladium
enhances the ethanol oxidation reaction (EOR) rate [3,4,6].

e Various forms of Pd-Cu electrocatalysts exhibited improved mass activity for the EOR and
oxygen reduction reaction (ORR) [7], but the effect of Cu addition on the specific activity is not
so clear.

e Aim of the present study: to establish the influence of the of Cu addition to carbon-supported
Pd nanoparticles as a catalyst for EOR and ORR in the alkaline solution.
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EXPERIMENTAL

Pd/C and Pd-Cu/C catalysts were synthesized by borohydride reduction method with no
surfactants or capping agents [4]. Commercial Pt/C (E-TEK®) and synthetized powders were
applied in the form of a thin—film on a glassy carbon (GC) substrate of rotating disc-electrode;

Electrochemically active surface area (EASA) of all the catalysts was calculated from the charge
of CO,, stripping voltamogram (v = 20 mV s7) in alkaline solution [6]:
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EOR was examined under potentiodynamic (v =50 mV s™!) and potentiostatic (E = 0.55 V)
conditions in deaerated 0.1 M NaOH containing 0.5 M CH,CH,OH at 25 °C;

ORR was examined under potentiodynamic (v = 20 mV s™) conditions in aerated 0.1 M NaOH;
All potentials are expressed on the scale of the reversible hydrogen electrode (RHE);

The electrochemical cell was thermostated at 298 + 0.5 K; A Gamry Interface 1010E potentiostat
was employed for all measurements.

EASA

Q*,,(CO,,.) = 330 uC cm2, Q*,,(CO, ,.) = 320 pC cm?2
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