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Preparation and electrocatalysis of carbon-supported
Pd-Co-Au ternary alloy nanoparticles

WANG Wen-ming" %, LI Xiao-wei', ZOU Zhi-qing', YUAN Ting', DU Chong', XIA Bao-jia', YANG Hui'

(1. Shanghai Institute of Microsystem and Information Technology, Chinese Academy of Sciences,
Shanghai 200050, China;
2. Hunan Electric Power Design Institute, Changsha 410007, China)

Abstract: Carbon-supported Pd-Co-Au ternary alloy nanoparticle electrocatalysts were prepared by modified polyol
reduction, and then heat-treated at 500—900 C. The electrocatalytic activities for the oxygen reduction reaction (ORR)
were investigated based on porous rotating disk and disk-ring electrode techniques. The results show that the as-prepared
Pd-Co-Au/C catalysts have broad reflections corresponding to the mixed Au and Pd face centred cubic (fcc) phases and
the intensity of Au-rich phase relative to Pd-rich phase decreases with the increase of heat treatment temperature. When
the heat treatment temperature is higher than 800 ‘C, Pd ternary alloys with Pd fcc structure form. The electrochemical
measurements indicate that the maximum catalytic activity for the ORR is found on the Pd;Co,Au,;/C catalyst heat-treated
at 800 ‘C, which is close to the commercially available Pt/C. Kinetic analysis reveals that the ORR on Pd-Co-Au/C
undergoes a four-electron process to water. Since Pd-Co-Au/C catalysts are inactive for the adsorption and oxidation of
methanol, thus, they can be used as a new type of promising catalyst for methanol-tolerant ORR in a direct methanol fuel
cell.
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Fig.1 XRD patterns of Pd,Co,Au;/C(a) and PdgCo3Au;/C(b)
alloy catalysts heat treated in 10%H,+90%N, atmosphere at

different temperatures

Table 1 Composition, structure and electrochemical characteristics of as-prepared and heat-treated Pd-Co-Au/C catalysts

Heat-treated

Mole ratio of Mass activity at

1 Ph lysi Particle si
Sample temperature/C ase afialysis element article size/nm 0.75 Vi(A-g ™)
As-prepared Mixed 72:16:12 - -
500 Mixed - - -
650 Mixed - - -
Pd7C02All1
750 Mixed - 18.1 3.5
800 Single - 232 8.5
900 Single - 35.8 2.5
As-prepared Mixed 63:25:12 - -
500 Mixed - - -
650 Mixed - - -
Pd6C03All1
750 Mixed - 14.4 3.5
800 Single - 20.8 6.5
900 Single - 29.3 2
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Fig.2 Linear scanning voltammograms (LSVs) of Pt/C,
Pd-Co/C catalyst and Pd-Co-Au/C alloy catalysts heat-treated
at various temperatures in 0.1 mol/L HCIO, saturated with pure
oxygen at scan rate of 5 mV/s and rotation speed of 1 600 r/min
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Fig.3 LSVs of Pd;Co,Au;/C alloy catalyst heat-treated at

800 C in 0.1 mol/L HCIO, saturated with pure oxygen at scan
rate of 5 mV/sand different rotation speeds (Current density is

normalized to geometric surface area)
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Fig.4 Koutecky-Levich plots for ORR in 0.1 mol/L HCIO,
solution on Pt/C and Pd;Co,Au,/C catalysts heat-treated at
800 C
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Fig.5 LSVs of Pt/C and Pd-Co-Au/C catalysts in 0.1 mol/L
HCIO, solution and 1 mol/L CH;OH at scan rate of 5 mV/s and

rotation speed of 1 600 r/min
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