Carbon supported Pd-Ni and Pd-Ru-Ni
nanocatalysts for the alkaline direct ethanol
fuel cell (DEFC)

ASME2011, Washington, DC

GIR

our future through science



Outline

* Background and Introduction
* Synthesis of Electrocatalysts

e Characterization and Evaluation of the

Electrocatalysts

* Performance measurement of the Electrocatalysts

* Concluding remarks GIR

¢ AC k n O W I e d g e melnts WWW.CSir.co.za ur future thro



Catalytic = ——

black layer

Nickel |

Mesh

White PTFE  — T

layer

 DEFC anode studies

Electric
Load [ .
> - synthesis
KOH - Electrooxidation
4_|7 - Performance
\%
KOH i
Electrolyte  E:i
7

© CSIR 2011

+ product H,O
+ product heat

Air

wWww.csir.co.za our future through science

G.F. McLean et al. International Journal of Hydrogen Energy 27 (2002) 507 - 526



Synthesis of electrocatalysts

catalytic active sites (active reaction area)
surface-to-volume ratio
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Chemical routes to
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Sequential deposition coupled to Surface-limited Redox-
replacement reactions (SLRR): Synthesis of multilayered
bimetallic RuPt electrocatalyst
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Multi-stage electrodeposition
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Synthesis of Electrocatalysts

reducing agent: mixture NaBH, and ethylene glycol
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Low ethanol oxidation
performance vs Pd+Ru-Ni/C
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HRTEM and TEM micrographs

(a) a twinned single Pt2Ru3 nanoparticle of ca. 4.39/0.3 nm characteristic dimensions.
(b) distribution of Pt2Ru3 bimetallic nanoparticles on the high-surface area carbon support.
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Electrochemical characterization

cyclic voltammograms in 0.5 M NaOH
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Electrochemical characterization

Current density (mA/cnt)

cyclic voltammograms in ethanol
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Concentration studies effect on current density

Effect of ethanol concentration
PdNi/C PdRuNi/C
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Raising ethanol concentration up to 3 M increased the covgfra
of the adsorbed ethoxy (CH;COads) species on the nanocRglyst
surface, thus yielding an increase in current density
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Electro-catalyst performance: passive alkaline DEFC

cell polarisation and current density curves |pading vs. ocv
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XRD micrographs of electrocatalysts
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Conclusions
* Pd-Ni/C and Pd-Ru-Ni/C were prepared by chemical reduction
method

* nanocatalysts (A&B) higher activities towards ethanol electro-
oxidation

* effect of ethanol concentration variation — current density

* binary Pd-Ni/C performs better than ternary nanocatalyst -
current density
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