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Electrode Preparation: Coat the glassy carbon 

working electrode with catalyst ink, cover with 

thin layer of ionomer and let dry in air. 

Cyclic Voltammetry: Focuses on the anodic 

side of the cell. Apply potential across working 

electrode and counter electrode; scan between 

-200 mV and 800 mV with respect to a Ag/AgCl 

reference electrode. All experiments were run 

at room temperature and ambient pressure. 

Tafel Plot: A Tafel plot is obtained upon 

manipulation of linear sweep voltammetry 

(LSV) data and plotting on a logarithmic scale. 

The slope of the linear region is associated with 

the reaction kinetics. A steeper slope indicates 

a faster decrease in current per voltage step. In 

a fuel cell, a lower slope corresponds to the 

ability to maintain higher current densities 

because the reaction kinetics are faster. 

 
Conclusions/Future Work 

Methanol, ethanol and methane oxidation is shown with the novel bimetallic 

catalyst at room temperature and pressure. Methane oxidation has never before 

been accomplished at STP. The new material has the potential to be an effective 

catalyst on the anode of AEM fuel cells. Preliminary fuel cell testing showed 

promising open circuit potentials but lacked high current densities due to the 

numerous parameters that still need to be optimized in the set-up. Future work 

includes bulk electrolysis with the novel catalyst while analyzing the products of 

the reactions to verify the mechanisms and extent of the reactions that occur. 

Also, fuel cell design needs to be optimized including the cathode catalyst, gas 

diffusion layer, catalyst loading, membrane, MEA design, fuel and oxidant flow 

rates, cell temperature and relative humidity. 

Widespread implementation of current fuel cell technology is inhibited by the 

scarcity and price of the catalysts on both the anode and cathode. However, 

recent research suggests that Alkaline Anion Exchange Membrane Fuel Cells 

(AAEMFC) can operate with earth abundant materials as catalysts due to the 

rapid reaction kinetics in alkaline environments. Our research investigates the 

electrocatalytic properties of a novel bimetallic catalyst in the oxidation of 

methanol, ethanol and methane fuels for use in AEM fuel cells. 

SEM images of platinum 

catalysts on (a) carbon 

nanotube electrode and 

(b) graphite electrode  
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Fuel Cell Polarization Experiments 

On the anode of an AAEMFC, the fuel is 

electrochemically oxidized by the 

catalyst, creating a flow of electrons 

from anode to cathode. The catalyst on 

the cathode reduces the humidified 

oxidant to form hydroxide ions that 

diffuse through the membrane toward 

the anode. The hydroxide ions react 

with the fuel to form the byproducts of 

water and carbon dioxide. 

Fuel Cell Chemistry 

Methanol 

A: CH3OH + 6OH-  5H2O + CO2 + 6e-  
 

C: 3/2O2 + 3H2O + 6e-  6OH- 
 

FC: CH3OH + 3/2 O2  2H2O + CO2  

Ethanol 

A: C2H5OH + 12OH-  9H2O + 2CO2 + 12e-  
 

C: 3O2 + 6H2O + 12e-  12OH- 
 

FC: C2H5OH + 3O2  3H2O + 2CO2  

Methane 

A: CH4 + 8OH-  6H2O + CO2 + 8e-  
 

C: 2O2 + 4H2O + 8e-  8OH- 
 

FC: CH4 + 2O2  2H2O + CO2  

Note: CL corresponds to the catalyst layer while DL denotes the 

diffusion layer. Image Source: T.S. Zhao et al. Front. Energy Power Eng. 

China 2010, 4(4) 445 
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Image above shows three electrode 

experiment set-up. RE represents the 

Ag/AgCl reference electrode. WE 

denotes the glassy carbon working 

electrode. CE corresponds to the Pt 

Wire Counter electrode. The 

electrolyte used was NaOH. 

Figures 1-3: Cyclic voltammograms showing the background current (solid lines) 

and the catalytic oxidation current in the presence of various fuels (dashed lines) 

in 1M NaOH electrolyte solution at a scan rate of 25 mV/s. The inset graphs 

show the oxidation currents of a monometallic catalyst as a control experiment. 

The fuels for Figures 1-3 are methanol, ethanol and methane respectively. 

 

Figure 4: Tafel plot showing the oxidation reaction kinetics for methanol (solid 

line), ethanol (dotted line) and methane (dashed line) fuels in the potential range 

corresponding to the Tafel region. Obtained from linear sweep voltammetry 

experiments at scan rate of 1mV/s in 1M NaOH solution. 

Left: Novel bimetallic catalyst on the anode, Pt/C on cathode, 1M MeOH fuel 

(0.5 mL/min), run at 80°C and 100%RH, no backpressure 
  

Right: Same membrane electrode assembly (MEA) and experimental 

conditions, with 1M MeOH-1M KOH fuel 


