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Abstract:
   This study deals with the oxidation of methanol in alkaline media. For this purpose, First 

doping of nickel-platinum particles on carbon paper substrates using electroplating with 

galvanic deposition method. Then, The morphology of the metal particle coatings on the carbon 

paper were studied by scanning electron microscopy. The catalytic properties of electrode for 

methanol oxidation were studied using electrochemical methods such as cyclic voltammetry and 

chronoamperometry. Therefore Ni-Pt/carbon paper electrode is a good candidate as an anode 

for direct methanol fuel cells. 
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Introduction:

   Direct methanol fuel cells (DMFCs) are now being considered as attractive power sources for 

portable power and electric vehicle applications. In a DMFC, it is methanol oxidation at the 

anode catalyst rather than oxygen reduction at the cathode catalyst that limits the performance 

of the fuel cell. However, the fuel cells could not reach the stage of commercialization due to 

the high cost which was mainly associated with the noble[1,2]. Nowadays, all pre-commercial, 

low-temperature fuel cells use supported Pt and Pt alloys as electro-catalysts. Critical properties 

to consider when choosing an electro-catalyst support include its electrical conductivity, surface 

area, microstructure, corrosion resistance an  cost .In order to reduce the amount of noble metal 

loading and also for enhancement of electro-catalytic activity of electrodes, there have been 

considerable efforts to increase the dispersion of the metal particles on the support. In the 

present study, we pretreated carbon paper and prepared electro-catalysts, and then characterized 

these supporting Ni- Pt electro-catalysts in order to find out better catalysts for DMFC [3,4]. 

The electro-activity of these electro-catalysts for the methanol oxidation in alkaline solutions 

was studied by different electrochemistry methods.                                                                                              

Experimental  

   Methanol (Merck, 99.8% purity) and KOH (Merck, 84% purity) were used as received. All 

other chemicals were of analytical grade and used without further purification. Distilled water 

was used throughout. The electrochemical experiments were performed in a three-electrode cell 
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arrangement. A platinum sheet was used as counter electrode, while all potentials were 

measured with respect to Ag/AgCl electrode. Electrochemical experiments were carried out 

using Zahner and EG&G PARSTAT 2263 Advanced Electrochemical systems.  

Treatment of carbon support 

   a Carbon paper was used as a gas diffusion layer  for fabricating gas diffusion electrode which 

was a circle with the diameter of 11 mm. in order to remove fat and redundant, carbon paper 

was rinsed in de ionized water and acetic acid with equal ratio and the dried at 200C. 

 

Preparation of electrode 

   Nickel-platinum particles deposited on carbon paper substrates by using electroplating with 

galvanic deposition method. 

Result and discussion 

   Ni-Pt particles were deposited on the carbon paper with galvanic deposition method. SEM 

images of new electro-catalysts show that the Ni- Pt particles are distributed on the surface of 

the carbon paper. The Cyclic voltammetry method was used to estimate the behavior of the 

electro-catalysts. The results indicate these improve the electro-catalytic activity for methanol 

oxidation greatly and confirmed the good electro-catalytic activity and stability of these 

electro-catalysts. 

 

 

Figure1: The surface morphology of Ni-Pt /carbon paper electrode. 
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Figure2: The surface morphology of  Ni-Pt /carbon paper electrode. 

 

   Figures 1, 2 show images of the carbon paper substrates after loading with the Ni-Pt particles 

are distributed in an almost homogeneous manner at the surface of the carbon paper substrates. 

 

Oxidation of methanol on Ni-Pt/carbon paper
   To understand the electrochemical activity of Ni-Pt/carbon paper, the cyclic voltammetric 

responses of the electrode was recorded. Cyclic voltammetry data were recorded for a 0.25 cm
2
 

Ni-Pt/carbon paper electrode in 0.5 M KOH aqueous solution at a scan rate of 20 mV s
-1

 in the 

presence of 1 M methanol, as shown in figure 3.  
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Figure3: Cyclic voltammmograms on Ni-Pt /carbon paper electrode in 0.5 M KOH + 1 M 

methanol at 25" with a scan rate of  20 mV/S. 

 

 

 
 

Figure4: Current-time curves for methanol oxidation on Ni-Pt/carbon paper electrode in 0.5 M 

KOH + 1 M methanol solution. 

 
 

   In order to evaluate the stability of the electro-catalytic activity of the Ni-Pt/carbon paper 

electrodes towards methanol, chronoamperometric measurements were performed. figure 4 

shows the chronoamperometric curves of 1 M methanol + 0.5 M KOH solution on Ni-Pt/carbon 

paper electrode at for 300s. It was found that the current on the Ni-Pt/carbon paper decreased 

with time and reached at 300 s to 0.04 mA. These results show that the current represent less 

decay at the applied constant potential on the Ni-Pt/carbon paper for a long duration (300s), 

indicating that Ni-Pt/carbon paper exhibits a steady-state electrolysis activity for methanol 

oxidation. 
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Conclusion

   Ni-Pt/carbon paper with good electro-catalytic property has been successfully fabricated. The 

morphology and surface analysis of electro-catalysts were investigated by SEM. The electro-

catalytic activity of these electro-catalysts for methanol oxidation was evaluated by various 

electrochemical methods. These electro-catalysts showed high currents for methanol oxidation 

and good electro-catalytic activity. The Ni-Pt/carbon paper exhibits a steady-state electrolysis 

activity for methanol oxidation. So it can be said that this electro-catalysts show great prospect 

in the applications of alcohol fuel cells. 
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