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1. .Program Objectives 

• 

• 

• 

Identify and characterize new polymer membrane materials with reduced methanol petmeation 
(Objective 1). 

Identify and characterize novel electrode stmctures incorporating new porous carbon materials and 
alternative catalysts (Objective 2). 

Establish an exploratory fuel cell testing facility to evaluate novel components in a complete PEMFC 
environment (Objective 3). 

II. Summary of the Most Important Results 

MURI accomplishments 

Objective 1: (A) A basis has been developed for evaluation and screening of commercial and new 
polymer membrane electrolytes. The proton conductivity and inverse methanol 
permeability are the two characteristics that determine the selectivity basis. 

(B) A new composite polymer membrane has been discovered for direct methanol fuel 
cells. The better membrane is a composite of polyvinylalcohol and mordenite, a 
natural zeolite. It is 20 times more selective for protons vs methanol than Nafion­
the current industry standard. 

(C) Modified polyphosphazenes are a new class of rigid polymer electrolyte that have 
been synthesized for enhanced conductivity with low rates of methanol transport 

Objective 2. (A) Very low catalyst (Pt-Ru) loading levels of 0.03 mg/cm2 have shown good 
perfmmance for methanol oxidation. 

(B) Reactive sputtering ofPt-Ru in oxygen atmospheres has been shown to eliminate 
conditioning time, and there is no need for ionomer in the catalyst layer. 

(C) Miniature fuel cells have been fabricated for methanol/air and for hydrogen/air 
utilizing techniques adapted from microeletronic and MEMS micromachining 
procedures. The cells approach the performance of large state-of-the-art cells when 
scaled for size. The cells are made with high reproducibility and highly precise 
features. The volume of an individual cell is 12 mm3. 

III. Electrodeposited Pt-Ru catalysts with loadings of 0.25 mg/cm2 perform well in both miniature cells and 
in large cells. Comparison with state-of-the-art cells is shown in Figure 1. 

IV. Developed model to simulate: 

(1) 

(2) 

the consumption of methanol in a MeOH/02 cell, and 

the rate of crossover in a MeOH/07 celL The model treated the influence of 
methanol kinetics on the cell near limiting current, and the influence of 
incomplete methanol conversion at the cathode at higher feed concentrations. 

(F) Determined that the crossover of methanol can be modified using different electrode 
structures 
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Objective 3: (A) A fuel cell testing laboratory has been set up and several hundred cells have been 
tested. Both direct methanol and hydrogen fuel cells have been fabricated and 
tested. The facilities have been used to evaluate several combinations of anode alloy 
catalysts and carbon support materials in 25 cm2 cells with Nafion membranes. 

V. The effect of contaminant cations on Nafion conductivity has been measured for several (approx. 20) 
cations. Corrosion of stainless_steel hardware in a fuel cell can contribute to loss of fuel cell 
performance by contaminating the Nafion membrane. 
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Figure 1. Comparison of Miniature and Large Polymer Electrolyte Cells with State-of-the-Art Cells. Catalyst 
Loading of the Miniature and Large Cells were 0.25 mg/cm2 of Electrodeposited Pt-Ru on the 
Anode. 
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