
Fuel Cell Seminar 2007

M. Williams
University of Utah
Salt Lake City, Utah, USA

K. Krist
Gas Technology Institute
Palatine, Illinois, USA

N. Garland
U.S. Department of Energy
Washington, DC, USA

S. Satyapal
U.S. Department of Energy
Washington, DC, USA

Editors: 

Published by

The Electrochemical Society
65 South Main Street, Building D
Pennington, NJ 08534-2839, USA
tel 609 737 1902
fax 609 737 2743
www.electrochem.org

TM

Vol. 12 No. 1



Copyright 2008 by The Electrochemical Society.
All rights reserved.

This book has been registered with Copyright Clearance Center.
For further information, please contact the Copyright Clearance Center, 

Salem, Massachusetts.

Published by:

The Electrochemical Society
65 South Main Street

Pennington, New Jersey 08534-2839, USA

Telephone 609.737.1902
Fax 609.737.2743

e-mail: ecs@electrochem.org
Web: www.electrochem.org

ISSN 1938-6737 (online)
ISSN 1938-5862 (print)

ISBN 978-1-56677-639-4

Printed in the United States of America.



ECS Transactions, Volume 12, Issue 1 
Fuel Cell Seminar 2007 

    
Table of Contents 

    
Preface  iii
  

Chapter 1 
PEM FUEL CELLS 

  
   

Section 1 
Cell Materials 

  
Sulfonated Polyimide Membranes for Polymer Electrolyte Fuel Cells  
  K. Okamoto, K. Matsuda, Z. Hu, K. Chen, N. Endo and M. Higa  

  5

  
Characterization of the Catalyst Layer in a PEMFC During Subzero Operation  
   S. Lee, J. Roberts, J. Li and S. Ye   13

  
Novel Proton Conducting Fullerene Electrolyte  
  P. Pugazhendhi, K. Loutfy, R. Loutfy, A. Venkatesan and K. Tasaki  

  21

  
Novel VHT-PEFC MEAs Based on ABPBI Membranes for APU Applications  
   C. Wannek, H. Dohle, J. Mergel and D. Stolten   29

  
Progress of Highly Durable MEA for PEMFC Under High Temperature and Low 
Humidity Conditions  
  E. Endoh  

  
41

  
Electrical Characterization of GDL Materials for Polymer Fuel Cells (PEMFC)  
  P. Fracas, P. Grassini, G. Dotelli, P. Gallo Stampino and D. Brivio  

  51

  
Low Pt Thin Cathode Layer Catalyst Layer by Reactive Spray Deposition 
Technology  
  R. Maric, J. M. Roller, R. Neagu, K. Fatih and A. Tuck  

  
59

  
   

Section 2 
Stacks 

  
Liquid Water Transport in PEM Fuel Cells  
  J. B. Benziger, T. Whitaker, E. Kimball and I. G. Kevrekidis  

  67

  

v 



Application of Lattice Boltzmann Method to the Simulation of Multiphase Flow 
in the Inhomogeneous Porous Electrode of a PEM Fuel Cell  
  J. Park and X. Li  

  
81

  
Development of Polymer Electrolyte Fuel Cell for High Temperature Operation  
   T. Shinoki, S. Yoshioka and S. Matsumoto   93

  
Relations of Water Management and Degradation Processes in PEFC  
   M. Schulze and K. A. Friedrich   101

  
Conceptual Design for an Externally Cooled HT-PEMFC Stack  
  J. Scholta, W. Zhang, L. Jörissen and W. Lehnert  

  113

  
The Novel Boltless Stack Assembly and Light weight Stack Configuration  

  S. Kim, J. Jang, H. Cha, C. Miesse, H. Lee, J. Gil, B. Ku, C. Jung, K. Chae,  
S. Cha and Y. Oh  

  
119

  
   

Section 3 
Systems and Testing 

  
Development of a High Performance Separator for PEFC by Visualization 
Technique  

  K. Sugiura, T. Shiramizu, T. Yamauchi, M. Yamauchi, S. Matsuzaki,  
N. Kada and Y. Itoh  

  

131

  
Unique Fuel Cell Test Fixture Allowing Independent Control of Gas Sealing and 
Electrical Contact Pressure  
   T. M. Brown, J. Brouwer and G. S. Samuelsen 

  
139

  
Cost Reduced Design and Performance Test of the Ejector for a Proton Exchange 
Membrane Fuel Cell Based on the Sensitivity Analysis  
   M. Kim, Y. Sohn and W. Lee 

  
147

  
Study on the Steady-state and Dynamic Performance Characteristics of a Polymer 
Electrolyte Fuel Cell under Various Cathodic Humidification Conditions  
   Y. Lee, B. Kim, Y. Kim and J. Choi 

  
157

  
Operation of Polymer Electrolyte Membrane fuel cells with dry feeds  
  J. B. Benziger, W. H. Hogarth and C. Woo  

  165

  
Detection of Leakages by Current Density Measurements  
   M. Schulze   177

  
  

vi 



Low Pressure Test Facility for Polymer Electrolyte Membrane Fuel Cells and 
First Measurements  
   M. Schulze, E. Gülzow and K. A. Friedrich 

  
187

  
   

Section 4 
Direct Methanol 

  
The Performance of Monolithic Hybrid Direct Methanol Fuel Cell  
   Y. Wang, J. Zheng, G. Au and E. Plichta   201

  
Methanol Oxidation at Pt-Ru-C ternary Electrode Prepared by co-sputtering 
Technique  
   Y. Matsumoto, K. Horii, K. Nagai, M. Umeda, Y. Usui and S. Tanaka 

  
215

  
A Semi-Empirical Method for Electrically Modeling of Fuel Cell: Executed On a 
Direct Methanol Fuel Cell  
   Y. Wang, J. Zheng, G. Au and E. Plichta 

  
221

  
A Nb-Doped TiO2 Electrocatalyst for Use in Direct Methanol Fuel Cells  
  R. E. Fuentes, B. L. Garcia and J. W. Weidner  

  239

  
   

Section 5 
Manufacturing 

  
Computational Modeling of a Polymer Electrolyte Membrane Fabrication Process  
   T. Harris and K. Bhamidipati   251

  
Fabrication of Graphite Composite Bipolar Plates for PEFC Using Polysulfone  
   S. Kim, T. Yang, W. Lee, C. Kim and D. Lee   263

  
   

Chapter 2 
HIGH TEMPERATURE FUEL CELLS 

  
   

Section 1 
Seals and Interconnects 

  
Materials Performance of Modified 430 Stainless Steel in Simulated SOFC Stack 
Environments for Integrated Gasification Fuel Cell System Applications  

  M. E. Ziomek-Moroz, T. Adler, D. E. Alman, P. D. Jablonski, J. Clark and  
L. Penner  

  

273

vii 



Development of Melting Seals Embedded Electrical Conduction Paths for  
Micro-SOFCs  
   S. Suda, K. Kawahara, K. Jono and M. Matsumiya 

  
283

  
   

Section 2 
Electrodes and Electrolytes 

  
Influence of Cathode Porosity on the Characteristics of Medium-Temperature 
SOFC Single Cells  
  E. Lust, G. Nurk, I. Kivi, R. Küngas, P. Möller, H. Kurig and S. Kallip  

  
293

  
Exergetic Studies of Intermediate-Temperature, Mixed Ionic-Electronic 
Conducting Solid Oxide Fuel Cell Electrolytes Using the Wagner Mass Transfer 
Model  
   M. Williams, K. Yamaji, T. Horita, N. Sakai and H. Yokokawa 

  

303

  
Electronic Conductivity and Efficiency of SOFC Electrolytes  
  K. Yamaji, Y. Xiong, H. Kishimoto, T. Horita, M. E. Brito and H. Yokokawa  

  317

  
Sulfur Tolerant Anodes for Solid Oxide Fuel Cells  
   S. Elangovan, J. Hartvigsen and L. Frost   323

  
The Gd2-yLayZr2O7 Solid Solution as a New Electrolyte for High and 
Intermediate-Temperature SOFC's  

  M. R. Diaz-Guillen, J. A. Diaz-Guillen, A. Fuentes, K. P. Padmasree,  
J. Santamaria and C. Leon  

  

333

  
Polarization Analysis and Microstructural Characterization of SOFC Anode and 
Electrolyte Supported Cells  
  A. Lanzini, P. Leone, M. Santarelli, P. Asinari and M. Calì  

  
343

  
  
Volatilization Behavior of Li/Na Carbonate as an Electrolyte in MCFC  
  K. Sugiura, M. Soga, M. Yamauchi and K. Tanimoto  

  355

  
   

Section 3 
Modules and Systems 

  
Thermal Stability of Portable Micro-Tubular Solid Oxide Fuel Cell and Stack  
   Y. Du, C. Finnerty and J. Jiang   363

  
  

viii 



Development of Delta-Type High Power Density Solid Oxide Fuel Cells at 
Siemens Stationary Fuel Cells  
  K. Huang  

  
375

  
SECA Coal-Based Multi-MW SOFC Power Plant Development  

  
J. Doyon, H. Ghezel-Ayagh, J. Walzak, S. T. Junker, D. Patel, A. Adriani, 
 P. Huang, D. Stauffer, V. Vaysman, J. S. White, B. Borglum, E. Tang, 
 R. Petri and C. Sishtla  

  

385

  
Development of Intermediate-temperature SOFC Modules and Systems  

  M. Shibata, N. Murakami, T. Akbay, K. Hoshino, K. Hosoi, H. Nakajima,  
J. Kano, F. Nishiwaki, T. Inagaki and S. Yamasaki  

  
391

  
Development of Several kW SOFC System using Segmented-cells  
   S. Amaha, T. Sobue and T. Seyama   401

  
Investigation of Locally Resolved SOFC with Respect to Flow Configuration and 
Gas Composition  
  K. A. Friedrich, P. Metzger, G. Schiller and H. Müller-Steinhagen  

  
407

  
Regression Models Analysis and Optimization of a SOFC SFC 5 kWe Field Unit  

  M. Gariglio, M. Santarelli, F. De Benedictis, M. Calì, G. Orsello and 
 G. Disegna  

  
419

  
Power Generation Experiment Of Segmented Planar SOFC  
  H. Iwai, M. Saito, H. Yoshida, K. Kodani, K. Yoshikata and T. Ooboshi  

  431

  
Internal Reforming of Hydrocarbon Fuels in Tubular Solid Oxide Fuel Cells  
  P. K. Cheekatamarla, C. Finnerty and J. Cai  

  439

  
Intermediate-Temperature SOFC Optimized for High Power Density Operation  

  G. Uozumi, H. Eto, J. Akikusa, N. Chitose, T. Akbay, K. Hoshino, K. Hosoi,  
T. Inagaki and S. Yamasaki  

  
449

  
Small Size Cylindrical Molten Carbonate Fuel Cells and Future Approaches for 
Decreasing Working Temperature  
  F. Rossi, A. Nicolini and P. Di Profio  

  
455

  
Verification of CFD Modeling for 5kW class MCFC Stack Composed of 7 Unit 
Cells with 7,500cm  in Effective Electrode Are2 a  
   S. Kim, Y. Choi, J. Jun, H. Lim and J. Lee 

  
467

  
   
  
  

ix 



Chapter 3 
HYDROGEN AND FUEL PROCESSING 

  
   

Section 1 
General Hydrogen Technology Issues 

  
Humidity Standard of Compressed Hydrogen for Fuel Cell Technology  
  P. Huang  

  479

  
   

Section 2 
Hydrogen Production and Storage 

  
Stability Tests of a 5 kWeq LPG Hydrogen Generator for PEFC  
  F. Cipitì, V. Recupero, L. Pino, A. Vita and M. Laganà  

  487

  
Demonstration of a Pilot-Scale Membrane Reactor Process for Hydrogen 
Production  
  A. Damle, C. Richardson, T. Powers, C. Love and J. Acquaviva  

  
499

  
Catalysis Studies for H2 Production by Metallic Heat Exchanger-Coated Catalysts 
   Y. Shi, J. van Pelt, J. Cross, D. Pollica, C. O'Brien and M. Leshchiner   511

  
Flexible Co-Production of Renewable Hydrogen and Electricity  
  P. Patel, L. Lipp, F. Jahnke, D. Tyndall and F. Holcomb  

  523

  
Portable Hydrogen Storage Based on New Chemistry of Sodium Borohydride  
   V. Stanic, J. Braun, W. Pierce and D. Betts   535

  
   

Section 3 
Fuel Processing 

  
Desulfurization of Jet A-1 and Heating Oil: General Aspects and Experimental 
Results  
  R. Peters, J. Latz, J. Pasel and D. Stolten  

  
543

  
Modeling and Control Latitude Analysis of a Fuel Cell Anode Tail-gas Oxidizer  
  R. Shi, J. Ou, Z. Zhou and D. F. Rohr  

  555

  
Sorbents For Natural Gas Desulfurization  

  G. Alptekin, A. Jayaraman, M. Dubovik, M. Schaefer, M. Ware and  
R. Amalfitano  

  
563

x 



Experimental Evaluation of a Pt-based Heat Exchanger Methanol Reformer for a 
HTPEM Fuel Cell Stack  
   S. J. Andreasen, S. K. Kær and M. P. Nielsen 

  
571

  
Final CO Clean-up Step of Reformate Gases via Methanation Process  
   S. Specchia, C. Galletti, G. Saracco and V. Specchia   579

  
Autothermal Reforming of Jet A-1 and Diesel: General Aspects and Experimental 
Results  

  J. Pasel, J. Latz, Z. Porš, J. Meißner, R. C. Samsun, A. Tschauder and  
R. Peters  

  

589

  
   

Chapter 4 
POWER CONDITIONING 

  
A Modular Fuel Cell, Modular DC-DC Converter Concept for High Performance 
and Enhanced Reliability  
  L. M. Palma and P. N. Enjeti  

  
603

  
Modeling and Simulating of a PV/H2 Hybrid System for Reducing Load Peaks on 
an Electrical Grid  
   C. Darras, M. Muselli, P. Poggi, C. Cristofari and X. Le Pivert 

  
609

  
   

Chapter 5 
APPLICATIONS AND MARKETS 

  
Carbon Dioxide Recycling by High Temperature Co-electrolysis and 
Hydrocarbon Synthesis  

  J. Hartvigsen, S. Elangovan, L. Frost, A. Nickens, C. M. Stoots, J. E. O'Brien 
and J. S. Herring  

  

625

  
Modeling and Implementation of a 1 kW, Air Cooled HTPEM Fuel Cell in a 
Hybrid Electrical Vehicle  
   S. J. Andreasen, L. Ashworth, I. N. Remόn, P. L. Rasmussen and M. P. Nielsen 

  
639

  
Modeling and Simulation of a PEM Fuel Cell System for Aircraft Applications  
  P. Schumann, C. Graf and K. A. Friedrich  

  651

  
Remote Surveillance System with Wireless Data Transmission Powered by PEM 
Fuel Cell  

  Y. Ngu, V. Stanic, D. Betts, R. Hodge, M. Saelzer, S. Zabriskie, M. Fuchs,  
T. Pavlik and J. Pierce  

  

663

  

xi 



Development of a Portable LPG PEM Fuel Cell System  
  J. Kim, S. Lee, W. Shin, Y. Lee and D. Kim  

  671

  
Advancement in Liquid Tin Anode - Solid Oxide Fuel Cell Technology  

  T. Tao, W. A. McPhee, M. T. Koslowske, L. S. Bateman, M. J. Slaney and  
J. Bentley  

  
681

  
High Performance Direct Ammonia Fueled Solid Oxide Fuel Cells Based on 
Proton Conducting Solid Electrolytes  
   Y. Yoo, N. Lim, M. Phongaksorn, A. McFarlan and N. Maffei 

  
691

  
Design and Numerical Study for 1kW Tubular SOFC APU System  
   S. Dong, B. Yun and D. Lee   701

  
Development of Solid Oxide Fuel Cell Power Systems for Underwater 
Applications  

  H. Ghezel-Ayagh, S. T. Junker, J. A. Peters, T. F. Miller, J. D. Martin and 
 D. Lowe  

  

707

  
DFC/T® Power Plant: From Sub-Megawatt Demonstration to Multi-Megawatt 
Design  

  H. Ghezel-Ayagh, J. Walzak, S. T. Junker, D. Patel, F. Michelson and 
 A. Adriani  

  

713

  
Direct Fuel Cell (DFC) Improvements Based on Field Experience  

  M. Farooque, R. Venkataraman, A. Rauseo, G. Carlson, G. Berntsen and  
A. Leo  

  
719

  
Stationary DFC® Power Plants Status  

  A. Leo, D. Brdar, C. Bentley, B. Ludemann, M. Farooque, P. Oei and 
 A. Rauseo  

  
729

  
Direct Ammonia Borane Alkaline Fuel Cell With In-Situ Electrolyte Replacement 
  A. Cisar, S. Withers-Kirby and E. Heselmeyer  

  737

  
Market-ready Stationary 6 kW Generator with Alkaline Fuel Cells  
   G. Mulder, P. Coenen, A. Martens and J. Spaepen   743

  
Investigation of Initial SOFC Market in Japan  
   T. Kato, T. Kashihara, K. Nozaki, E. Endo and Y. Iimura   755

  
   
Author Index    763
 

xii 




