Proton Exchange Membrane Fuel Cells (PEMFC)

The fuel cell is a galvanic cell in which the reactants are continiously fed into the cell as the cell produces electrical energy.  The PEMFC is a solid polymer electrolyte fuel cell fabricated from a proton conductive membrane and porous carbon electrodes impregnated with a catalyst, such as platinum, silver, or certain transition-metal oxides.  

Electrode Composition and Membrane and Electrode Assemblies (MEA)
The membrane and electrode assemblies are prepared by hot pressing a mixture of platinum powder and polytetrafluorethylene (PTFE) on both sides of a proton exchange membrane.  The electrodes are fabricated from a porous carbon cloth or carbon paper substrate, which is typically treated with PTFE to prevent flooding of the electrochemically active surface area, and a gas diffusion layer on one side coupled with a catalyst layer on the other.  The catalyst layer of the electrode faces the membrane material and is treated with an electro catalyst, generally the membrane material as a solution, to produce a 3 dimensional reaction zone in the MEA.   Figure 2.1 illustrates the composition and construction of a MEA.

The catalyst loading is determined by the weight of the catalyst in the carbon mixture and the dispersion of the mixture over a certain surface area.  The usage of low platinum loadings supported on carbon has proven to generate high performance characteristics at lowered costs, such that the membrane material itself has now become the highest cost of the PEMFC (Ticianelli et al., 1988).   Alterations in weight due to the hot pressing process will be examined for an influential valve to the roughness factor, given the factor takes into account the catalyst loading and surface area of the electrode.  The hot pressing procedure comes into direct contact with the diffusion layer of the electrode and exerts a force, 3500-4000 lbs/in2 for 90 seconds, which may alter the internal electrode structure.  

Empirical analysis would suggest that the weight lost due to pressing is collectively from the gas diffusion side of the electrode, as it is the only thing in direct contact with the something other than the electrode.  Dupont Tefzel( was utilized as a measure to prevent adherence of the electrode material to the press itself.  The Tefzel( minimizes the amount electrode material that is removed during the pressing procedure.  The pressing procedure has been developed during the process of MEA fabrication and several different electrode investigations (e.g., Ticianelli et al., 1988, Mukerjee et al., 1992, Yong and Srinivasan, 1994).  The active layer, which has been treated with an electrocatalyst, of the electrode is pressed into the membrane material and forms a bond as a result of the thermal and barometric intensities.  The critical active layer, where all of the catalyst resides, of the is not in direct contact with anything except the membrane.  Observed weight losses are expected to be gas diffusion electrode material.  An experiment, which correlates applied pressure and the weight discrepancies, will define the above empirical analysis. 

Cyclic Voltammograms and Roughness Factors
Cyclic Voltammetry is the traditional method of analysis for the active surface area of the electrode material. Cyclic Voltammetry evaluates the active surface area of the catalyst utilizing a Bipotentiostat to generate a voltage across a test cell establishing a correlation between the voltage and current in the test cell.  Cyclic Voltammetry is an electrolytic method that uses microelectrodes, such that the measured current is limited by analyte diffusion at the surface of the electrode.  The electrode potential is ramped linearly to a more negative potential, and then the potential is reverted to its original state.  The forward scan produces a current peak for any analytes that can be reduced through the range of the potential scan.  The current increases as the potential of the working electrode reaches the potential of the analyte, current then drops off as the concentration of the analyte is depleted close to electrode surface.  The reverse sweep of the potential will reoxidize the product formed in the first reduction reaction.   In fuel cell reactions the anodic electrode potential is increased in a stepwise fashion, typically in increments of 5-10 milivolts, and the reaction regions are in Figure 2.3.  
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Equation 2
One of the main problems with the use of this technique with supported electro catalysts is that the carbon features (double layer charging, redox behavior of the active surface groups on carbon, i.e., quinone / hydroquinone) mask the platinum hydrogen adsorption / desorption characteristics.  In spite of these problems, the technique proved to be useful in ascertaining the maximum electrochemically active surface area of the electrodes.  The area under the first positive peak in the cyclic voltammogram in line with the baseline derived from the double layer charging region is the active surface area of the electrode.  This area is a columbic charge, which is then compared to the charge of smooth platinum.  The two numbers allow the determination of a roughness factor for the fuel cell.  The catalyst loading and weight of the fuel cell are then used to determine the active surface area of the fuel cell, which is used to determine the efficiency of the cell.

The power output of the fuel cell in contrast to the flow rate and water production rate are the basis of any changes that are in the system.  This analysis is designed to determine the existence of a catalyst removal dependence, on pressure, temperature, or time.  

The amount of catalyst present in the output stream of the cathodic side of the fuel cell, where water production takes place, will be determined by ICP-MS analysis. 
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