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During this reporting period, the graduate and undergraduate students in the project has 
presented following papers, poster presentations and exhibits in the DOE-FETC-Fossil 
Energy 5& Annual HBCU and MI Energy Research and Development Technology 
Symposium ( March 4-5, 1997, Baton Rouge, Louisiana ) 
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6. 

Fuel Cell Project at Southern University, D.Prier, M.Prier, Tommy Rockwood and 
B.Rambabu 

Southern University-Dow Chemical Company Fuel Cell Development Project for 
Transportation Applications, B. Rambabu (SUBR) and Stephan Noding (Dow, 
Plaquemine) 

Surface Characterization of NOx on some selected single crystal surfaces. Hieke 
Geisler and B. Rambabu 

Synchrotron Radiation Studies of Photovoltaic Materials for Renewable Energy 
Applications, Hartwig Modrow, Monikka Mann and B.Rambabu 

Photovoltaic Modules: Prospectus, Tameka L Page and B. Rambabu 

Environmental Sensors, Trammel Muhammad and B. Rambabu 
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In addition to the above presentations, the PI has presented two papers entitled 

1 X-ray Absorption Spectroscopy as a method to analyze thin films for Photovoltaic 
Applications " International Conference on Future Photovoltaic Technologies ( April 23 - 
27, NREL, Denver, CO) 

2. NEXAFS study of Zn, Te, Cd, Cu K edge in ZnTe and Cu:CdTe thin films in the 
National Society of Black Physicists annual conference held in Lawrence Berkeley 
Laboratory ( April 28-30, 1997 ). 

3. Structural Characterization of Polymers by X-ray Absorption Near Edge Structure 
Spectroscopy , Josef Homes, H. Modrow and B.Rambabu, International Conference 
on Applications of Synchrotron Radiation, June 1-3, 1997, Canada. 

We have recently submitted three abstracts for oral presentation entitled 

1. Methanol Crossover in DFMCs: A Study of Electrochemical and Structural 
Characterization of Cathodic Electrodes and Membranes for oral presentation in the 1 lh 
International Conference on Solid State Ionics to be held in Hawaii. ( Nov 16-23, 1997). 

2. Surface Area Determination of Electrocatalysts for DMFCs, Leah Warrington, Annual 
LANL Summer Interns Workshop, Sandia National Laboratory, ( l* August 1997) 

3. Fuel Cell Performance Studies High Surface Area MEAs for DMFCs, Tommy 
Rockwood, Annual LANL Summer Interns Workshop, Sandia National Laboratory, ( 
1' 1997 1997) 

During this reporting period, we have attempted to measure the surface and 
electrochemical properties of rare-earth dopants in Ceria for SOFCs and cathodic 
electrodes (Pt, C, Pt/C, Pt-RdC, Pt-RdNafion) for DMFCs. The cathodic electrodes, 
except those composed of Pt black, contain 20% Nafion* 117, and were cast onto 
Teflon@ impregnated carbon paper. The membrane electrode assemblies (MEA) used in 
this work were prepared by Globe Tech Inc., College Station, TX. The electrochemical 
investigations of these catalysts for the oxidation of hydrogen and the reduction of oxygen 
were carried out in the Solid State Ionics laboratory using an EG&G PAR Model 270 
potentiostat/galvanostat and a frequency response analyzer model 1025. The performance 
of the MEA under he1 cell conditions was measured using a Globe Tech Fuel Cell 
workstation. The Nafion@ samples were pretreated using different precursor chemicals 
such as nitric and phosphoric acid. The XANES spectra of the F and S-K edge on the 
pretreated Nafion@ samples were obtained by our Universitat Bonn collaborators at the 
Center for Advanced Microstructures and Devices (CAMD). 

The cyclic voltammagrams for methanol oxidation show a higher current response when 
Pt-Ru/C is the anode catalyst rather than for PYC. The FWC catalysts showed a higher 
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current response for cathodic oxygen reduction at the cathode than the Pt-RdC catalysts 
(Figure 1). In general, the Pt-RdC catalysts showed higher electro-oxidation properties 
when compared to the Pt catalysts. The alloying of Ru on a carbon substrate facilitated 
the removal of carbon monoxide from its surface. -1 - 
The resistance of the Nafion@ membrane increases as the temperature increases due to the 
loss of water and the resulting decreased current density of the &el cell. The F and S-K 
edge of these sulfonic acid membranes showed differences in the XANES spectra (Figure 
2). These spectral differences revealed that the molecular structure of these membranes 
depends upon the membrane's pretreatment (nitric or phosphoric acid). The acidic 
pretreatment of the perfluoro-membranes, and the resulting interaction of water with the 
perfluoro-polymer effected the molecular structure and contributed to the enhancement of 
proton conduction. 
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Fig. 1 Cyclic Voltammograms at different carbon supported 
electrodes in 2M CH,( >H+0.5MH2S04 (sweep rate lOmV/s). 

The original intent of the project is to achieve high cell performance levels at lower 
operating temperatures . Like nearly all &el cells, SOFC generate electricity based on the 
flow of negative oxide ions from the cathode ( which is exposed to oxidant or air to the 
anode ( bathed in hydrocarbon he1 ). At the anode migrant oxide carbon to produce water 
and carbon dioxide. Protons dissolve in oxides by bonding to the lattice oxygen ions to 
form hydroxide defects. For our purpose these may be viewed as interstitial protons. The 
positive charge of these defects will compensate the negative charge of, for instance, 
acceptor dopants in competition with other positive defects, such as oxygen vacancies. 
For the AB03 pervoskite and Al203 rare earth oxides studied , the enthalpy change is 
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negative such that protons dominate at relatively low temepratures and oxygen vacancies 
take over higher temperatures. We are investigating what kind of correlation exits with the 
molar packing density for oxides of general formula AB03. This enables the estimation of 
proton concentration for a given doping and temperature for oxides in ths-important 
group. E M S  measurements were made earlier and data reductionprocedures are in 
progress. 
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Initially we have to attempted to understand the CO problem by studying the W / 0 2  fuel 
cells by using our experimental station. Where as in the DOMFCs, we have attempted to 
explore the impact of catalyst loadings on the performance of direct oxidation of methanol 
fuel cells.. Our initial measurements on fitel cell performance characteristics and EXAFS 
are made on commercial membranes PtRdNafion 11 5,  117 and 1 12. The performance of 
the DOMFCs is believed to be considerably improved by increased catalyst loadings The 
upper l i t  at 4 mg/cm 2 and 12 mg/cm 2 in order to estimate the improvement that can be 
achieved in the cell performance. 

Two students in this project Mr. Tommy Rockwood and Ms. Leaha Warrington have been 
working at Los Alamos National Laboratory during the summer. Ms. Leah Warrington is 
gaining experience in surface analytical techniques, where as Mr. Tommy Rockwood is 
developing high surface area &el cell MEAs in coloboration with technical staff at LANL. 

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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