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ABSTRACT 

The overconsumption of energy based on fossil fuels has generated threats to life and health of 

human beings. Therefore, renewable energy sources, e.g., direct ethanol fuel cell (DEFC), have 

been attracting many researches and considering as a new generation energy. Pd-based material 

is known as one of the most active and common anodic catalysts for ethanol oxidation reaction 

(EOR) in DEFC. The composition, structure and morphology of the catalytic materials show a 

strong influence in the electrocatalytic EOR performances. The combinations of Pd with other 

cheaper transition metals, e.g., Ag, Ni, Cu, and Sn, have not only minimized an amount of Pd 

precursors in the catalytic synthesis but also improved a conversion of the intermediates into 

stable forms in EOR. Besides, one-dimensional (1-D) nanostructured materials, e.g., nanorods 

and nanowires (NWs), represent a morphology paradigm associated with their fewer lattice 

boundaries as well as facilitating the electron transport. Despite these advantages, studies on 

synthesis and electro-catalytic activities for the EOR in alkaline media of 1D Pd-coated 

nanostructures have rarely been reported. In this study, Pd-coated Ni nanowires (PdNi-NWs) and 

Pd-coated Ag nanowires (PdAg-NWs) with a low Pd content were synthesized using a simple 

two-step polyol method. The results show that the most effective electrocatalytic EOR activity of 

PdNi-NWs was obtained on the synthetic conditions at 90 oC for 180 min with 18:100 of Pd:Ni 

and 0.1 %w/v of PVP. Meanwhile, the PdAg-NWs exhibiting the highest ability for EOR was 

prepared at 70 oC for 150 min with 12:100 of Pd:Ag and 0.1 %w/v of PVP. In comparison with 

Pd nanoparticles (PdNPs), the PdAg-NWs perform 11.3 times and the PdNi-NWs show 9.3 times 

superior EOR activity. In addition, the catalytic efficiency of PdAg-MW, i.e., prepared with 6 

times of microwave irradiation, exhibits 1.9 times higher than that of PdAg-NWs prepared with 

conventional polyol process. These achievements make PdNi-NWs, PdAg-NWs and PdAg-MW 

promising Pd-based anodic electrocatalysts for DEFC.  
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CONTRIBUTIONS OF DISSERTATION 

The contributions of this dissertation are listed below. 

- The effects of synthesis conditions, i.e., precursor concentration, synthesis temperature, 

reaction time, and concentration of surfactants, on the morphology and structure of Ni nanowires 

and Ag nanowires have been clarified.  

- Novel Pd-coated Ni nanowire and Pd-coated Ag nanowire catalysts were successfully 

synthesized. With low Pd-loadings, although the amount of Pd precursor for the preparation was 

significantly reduced, the electro-catalytic abilities for EOR of Pd-coated nanowires still 

performed a high efficiency. Moreover, the tolerance to CO-like intermediates of these catalysts 

was better than that of pure Pd nanoparticles. 

- The 1–D PdAg nanostructures first time successfully prepared by microwave heating in polyol 

medium also exhibited an excellent EOR activity. This result highlighted that microwave-

assisted synthesis provides significant advantages to the synthetic catalyst, i.e., reduced reaction 

time and improved catalytic properties. 
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