Polymer Electrolyte Fuel Gells 11

Editors:
H. A. Gasteiger

Technische Universitat Miinchen
Munich, Germany

A. Weber

Lawrence Berkeley National
Laboratory
Berkeley, California, USA

S. R. Narayanan
University of Southern California
Los Angeles, California, USA

D. Jones
Université Montpellier 11
Montpellier, France

P. Strasser

Technical University Berlin
Berlin, Germany

K. Swider-Lyons
U.S. Naval Research Laboratory
Washington, D.C., USA

Sponsoring Divisions:

Energy Technology

Battery

F. N. Biichi

Paul Scherrer Institut
Villigen, Switzerland

P. Shirvanian
Ford Motor Company
Dearborn, Michigan, USA

H. Nakagawa
AGC America, Inc.
Mountain View, California, USA

H. Uchida

University of Yamanashi
Kofu, Yamanashi, Japan

S. Mukerijee
Northeastern University
Boston, Massachusetts, USA

T. J. Schmidt

Paul Scherrer Institut
Villigen, Switzerland

Physical and Analytical Electrochemistry

V. Ramani

[llinois Institute of Technology
Chicago, lllinois, USA

T. Fuller

Georgia Institute of Technology
Atlanta, Georgia, USA

W. L. Gore & Associates, Inc.
Elkton, Maryland, USA

C. Lamy
CNRS - Université of Poitiers
Poitiers, France

R. Mantz
U. S. Army Research Office
Triangle Park, North Carolina, USA

Industrial Electrochemistry and Electrochemical Engineering

Corrosion

(L)

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

[THifransactions "

Vol. 41 No. 1



Copyright 2011 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 978-1-56677-901-2 (CD-ROM)

ISBN 978-1-60768-254-7 (PDF)
ISBN (2 Part Set) 978-1-60768-255-4 (Soft-cover)

Printed in the United States of America.




ECS Transactions, Volume 41, Issue 1
Polymer Electrolyte Fuel Cells 11

Table of Contents

PART ONE

Preface

Chapter 1
Plenary Session

Development Trends and Popularization Scenario for Fuel Cell Vehicle
T. Yoshida, K. Kojima, T. Yokoyama, and S. Sekine

Electrons to Go: Electrochemistry and the Future of the Automobile
F. T. Wagner, B. Lakshmanan, W. Gu, T. Greszler, and M. F. Mathias

Application of Neutron Imaging in PEFC Research
P. Boillat, P. Oberholzer, R. Perego, R. Siegrist, A. Kaestner, E. H. Lehmann,
G. G. Scherer, and A. Wokaun

PEMFC MEA and System Design Considerations
S. Knights, R. Bashyam, P. He, M. Lauritzen, C. Startek, V. Colbow, T. Cheng,
J. Kolodziej, and S. Wessel

In Situ XAS Studies of Core-Shell PEM Fuel Cell Catalysts: The Opportunities and
Challenges
A. E. Russell, B. Tessier, A. Wise, A. Rose, S. W. Price, P. Richardson, S. Ball,
B. Theobald, D. Thompsett, and E. M. Crabb

Structure-Performance Relationship Study of Alkaline Polymer Electrolytes
J. Pan, C. Chen, L. Zhuang, and J. Lu

Chapter 2
Lambda 20th Anniversary Celebration

The Importance of Water Content (1) on Electroosmotic Drag and Degradation in
PEMFCs
T. F. Fuller

il

27

39

69

79



Morphological Factors Affecting the Behavior of Water in Proton Exchange Membrane
Materials
G. M. Divoux, K. A. Finlay, J. K. Park, J. Song, B. Yan, M. Zhang, D. A. Dillard, and
R. B. Moore

Simultaneous Water Uptake, Diffusivity and Permeability Measurement of Perfluorinated
Sulfonic Acid Polymer Electrolyte Membranes
C. K. Mittelsteadt and J. Staser

Chapter 3
Modeling

Random Pore Network Modeling of GDLs Using Voronoi and Delaunay Tessellations
J. T. Gostick

A Representative Volume Element Approach for Pore-Scale Modeling of Fuel Cell
Materials
E. A. Wargo, A. C. Hanna, A. Cecen, S. R. Kalidindi, and E. C. Kumbur

Incorporation of Evaporation and Vapor Transport in Pore Level Models of Fuel Cell
Porous Media
E. F. Medici and J. S. Allen

Single Pore Modeling of Oxygen Reduction in lonomer-Free Catalyst Layers in PEFCs
K. Chan and M. Eikerling

Modeling and Diagnostics of Fuel Cell Porous Media for Improving Water Transport
E. F. Medici and J. S. Allen

Modeling Ion Transport in Fuel Cell Electrodes including Water|Electrolyte Interfaces
and Electric Double Layers
1. Zenyuk, J. Lee, and S. Litster

Modeling Two-Phase Transport in PEM Fuel Cell Channels
Y. Wang and K. S. Chen

Cold-Start Modeling of a Polymer-Electrolyte Fuel Cell Containing an Ultrathin Cathode
R. Balliet and J. Newman

Effective Transport Properties Accounting for Electrochemical Reactions of Proton-
Exchange Membrane Fuel Cell Catalyst Layers
J. Pharoah, H. Choi, C. Chueh, and D. B. Harvey

Exploration of Ultra-High Current Operation in PEFC Using a Validated Model
L. Zheng, A. Srouji, F. Gambini, and M. Mench

Vi

87

101

125

131

141

153

165

179

189

201

221

229



Study of Water Removal in a PEMFC Using Computational Fluid Dynamics (CFD)
S. Castarieda and C. Sanchez

An Analytical Model of a Novel, Microfluidic PEM Fuel Cell Device
D. Barrasso and R. Besser

Modeling the Effects of MPL on the Transient Response of Proton-Exchange Membrane

Using Experimentally Measured Capillary Pressure
P. O. Olapade and J. P. Meyers

Focusing Research by Developing Performance Related Selection Criteria for PEMFC
Contaminants
J. St-Pierre, M. Angelo, and Y. Zhai

Validation of PEMFC Computer Models Using Segmented Current and Temperature
Data
B. Carnes, K. S. Chen, D. Spernjak, and G. Luo

Dynamic Performance of Automotive Fuel Cell Systems with Low Platinum Loadings
R. Ahluwalia and X. Wang

PEMFC Contamination Model: Neutral Species Sorption by lonomer
J. St-Pierre

Chapter 4
Visualization and Imaging

High Resolution Neutron Radiography Imaging of Microporous Layers in PEFCs
J. Preston, U. Pasaogullari, D. S. Hussey, and D. L. Jacobson

Isolation of Transport Mechanisms in PEFCs with High Resolution Neutron Imaging
J. LaManna, S. Chakraborty, F. Zhang, J. Gagliardo, J. P. Owejan, and M. Mench

Interaction of Heat Generation, MPL, and Water Retention in Corroded PEMFCs
J. D. Fairweather, D. Spernjak, R. Mukundan, J. Spendelow, K. Artyushkova,
P. Atanassov, D. S. Hussey, D. L. Jacobson, and R. Borup

In Situ Two-Phase Flow Investigation of Proton Exchange Membrane (PEM)
Electrolyzer by Simultaneous Optical and Neutron Imaging
O. F. Selamet, U. Pasaogullari, D. Spernjak, D. S. Hussey, D. L. Jacobson, and
M. Mat

vii

241

253

267

279

287

293

307

319

329

337

349



Neutron Imaging of Isothermal Sub-Zero Degree Celsius Cold-Starts of a Polymer
Electrolyte Fuel Cell (PEFC)
P. Oberholzer, P. Boillat, R. Siegrist, R. Perego, A. Kaestner, E. H. Lehmann,
G. G. Scherer, and A. Wokaun

Effects of Synchrotron Radiation on Polymer Electrolyte Fuel Cell Materials
J. Roth, J. Eller, and F. N. Biichi

Investigation of Carbon Fiber Gas Diffusion Layers by Means of Synchrotron X-ray
Tomography
C. Tétzke, 1. Manke, C. Hartnig, R. Kuhn, H. Riesemeier, and J. Banhart

Towards Ultra-Fast X-ray Tomographic Microscopy of Liquid Water in PEFC
J. Eller, J. Roth, F. Marone, M. Stampanoni, A. Wokaun, and F. N. Biichi

Nano to Micro Scale Characterization of Water Uptake in The Catalyst Coated
Membrane Measured by Soft X-ray Scanning Transmission X-ray Microscopy
V. Berejnov, D. Susac, J. Stumper, and A. P. Hitchcock

Liquid Water Visualization in Cathode Catalyst Layer of PEMFC by Soft X-ray
Radiography
P. Deevanhxay, T. Sasabe, S. Tsushima, and S. Hirai

Catalyst Layer Analysis: Nanoscale X-ray CT, Spatially-Resolved In Situ Microscale
Diagnostics, and Modeling
S. Litster, K. Hess, W. Epting, and J. Gelb

Image Measurement of Water Droplets in Cathode of PEFC Based on Background
Subtraction Method
K. Nishida, S. Tanaka, S. Tsushima, and S. Hirai

Chapter 5
Diagnostics and Phenomena: Porous Transport Layers

Role of Micro-Porous Layer for Water Transfer Phenomena in PEFC
K. Kadowaki, Y. Tabe, and T. Chikahisa

The Influence of Micro Structure of the GDL and MPL on the Mass Transport in PEFC
T. Kotaka, O. Aoki, T. Shiomi, Y. Fukuyama, N. Kubo, and Y. Tabuchi

Influence of Anode GDL on PEMFC Ultra-Thin Electrode Water Management at Low
Temperatures

A. J. Steinbach, M. K. Debe, M. J. Pejsa, D. M. Peppin, A. T. Haug, M. J. Kurkowski,

and S. M. Maier-Hendricks

Viil

363

371

379

387

395

403

409

419

431

439

449



Detachment of Liquid-Water Droplets from Gas-Diffusion Layers
P. K. Das, A. Grippin, and A. Z. Weber

Effect of Titanium Powder Loading in Microporous Layer on a Polymer Electrolyte
Unitized Reversible Fuel Cell
H. Ito, T. Maeda, A. Nakano, C. Hwang, M. Ishida, A. Kato, and T. Yoshida

Investigation of Water Droplet Interaction with the Sidewalls of the Gas Channel in a
PEM Fuel Cell in the Presence of Gas Flow
P. Gopalan and S. G. Kandlikar

Effect of Temperature on In-Plane Permeability of the Gas Diffusion Layer of PEM Fuel
Cell
R. Banerjee and S. G. Kandlikar

Transport Phenomena in Carbon Paper Gas Diffusion Layers
S. Didari, T. Harris, W. Huang, S. Tessier, and Y. Wang

Investigation of the Impact of the Micro-Porous Layer on the Water Distribution in the
Polymer Electrolyte Fuel Cells through Hydrogen-Deuterium Contrast Neutron
Radiography

K. Cho, A. Turhan, and M. Mench

The Effect of MPL Permeability on Water Fluxes in PEM Fuel Cells: Experimental
Verification
M. Baghalha

Identification of Gas Diffusion Layer PTFE Content Local Anomalies Using a
Segmented Cell System
T. V. Reshetenko, J. St-Pierre, K. Bethune, and R. Rocheleau

Novel Current Distribution Board for PEM Devices
C. K. Mittelsteadt, P. Cortes Jr., V. Lilavivat, S. Shimpalee, and J. W. Van Zee

In Situ Measurement of Flow Velocity in Gas Channel in a PEMFC by Laser Ablation
Tagging Visualization
D. Fukabori, S. Hirai, S. Tsushima, and K. Nishida

Increased Performance of PEFCs with Engineered Mass-Transport Pathways
M. Manahan and M. Mench

The Influence of the Liquid Water Behavior at the GDL-Channel Interface on Cell
Performance
Y. Fukuyama, T. Shiomi, O. Aoki, N. Kubo, and Y. Tabuchi

459

469

479

489

499

513

521

539

549

561

569

583



Hydrophilic and Hydrophobic Double MPL Coated GDL to Enhance PEFC Performance
under Low and High Humidity Conditions
T. Kitahara, H. Nakajima, and K. Mori

Impact of Gas Diffusion Layers (GDLs) on MEA Performance
T. Tanuma and S. Kinoshita

Chapter 6
Durability and Diagnostics: Catalyst Layers

Accelerated Testing Validation
R. Mukundan, G. James, J. Davey, D. Langlois, D. Torraco, W. Yoon, A. Z. Weber,
and R. Borup

Diagnostics for PEMFC Peformance and Durability
T. F. Fuller

STXM Study of the Ionomer Distribution in the PEM Fuel Cell Catalyst Layers
D. Susac, V. Berejnov, A. P. Hitchcock, and J. Stumper

Investigation of the Interaction of Nafion lonomer and Carbon Black Using Small Angle
X-ray and Small Angle Neutron Scattering
F. Xu, H. Zhang, J. llavsky, L. Stanciu, and J. Xie

Water Uptake in PEMFC Catalyst Layers
H. P. Gunterman, A. Kwong, J. T. Gostick, A. Kusoglu, and A. Z. Weber

Pulse Voltammetry: In Situ Measurements of Oxide Coverage on Platinum in Proton
Exchange Membrane Fuel Cells
P. A. Stuckey and T. A. Zawodzinski Jr.

Overcoming Artifacts in Cyclic Voltammetry through the Use of Multiple Scan Rates
and Potential Windows
M. Edmundson and F. Busby

Degradation Investigation of Nafion Ionomer Network In Catalyst Layers
J. Xie, F. Xu, and D. Ho

Microstructure Analysis Tools for Quantification of Key Structural Properties of Fuel
Cell Materials
A. Cecen, E. A. Wargo, A. C. Hanna, D. M. Turner, S. R. Kalidindi, and E. C. Kumbur

593

603

613

621

629

637

647

651

661

673

679



In Situ Observation of Nafion-Model Molecular Behaviors at Metal Electrodes by
SEIRAS
1. Yagi, K. Nomura, H. Notsu, K. Kimijima, and N. Ohta

Determination of Aging Markers and their Use as a Tool to Characterize Pt/C
Nanoparticles Degradation Mechanism in Model PEMFC Cathode Environment
B. Vion-Dury, M. Chatenet, L. Guétaz, and F. Maillard

Proton Conduction on Ionomer-Free Pt Surfaces
E. L. Thompson and D. Baker

On the Determination of PEM Fuel Cell Catalyst Layer Resistance from Impedance
Measurement in Hy/N, Cells
D. Malevich, J. Pharoah, B. Peppley, and K. Karan

Ice Formation and Current Distribution in the Catalyst Layer of PEM Fuel Cell at Cold
Start
R. Ichikawa, Y. Tabe, and T. Chikahisa

Characterization of Carbon Corrosion in a Segmented PEM Fuel Cell
D. Spernjak, J. D. Fairweather, T. Rockward, R. Mukundan, and R. Borup

Surface Energy effects on Catalyst Degradation in Low-Temperature PEMFCs
E. L. Redmond, B. P. Setzler, P. Juhas, S. J. Billinge, and T. F. Fuller

The Effect of Uniform Particle Size Distribution on Pt Stability
P. Trogadas and T. F. Fuller

Membrane and Catalyst Performance Targets for Automotive Fuel Cells by FCCJ
Membrane, Catalyst, MEA WG
A. Ohma, K. Shinohara, A. liyama, T. Yoshida, and A. Daimaru

Catalyst Durability for Fuel Cells under Start-Up and Shutdown Conditions: Evaluation
of Ru and Ir Sputter-Deposited Films on Platinum in PEM Environment
L. L. Atanasoska, G. Vernstrom, G. M. Haugen, and R. Atanasoski

Effect of Platinum Loading on Catalyst Stability under Cyclic Potentials
S. Arisetty, X. Wang, R. Ahluwalia, R. Mukundan, R. Borup, J. Davey, D. Langlois,
F. Gambini, O. Y. Polevaya, and S. Blanchet

Comparative Study of the Degradation of Different Carbon Supported Pt Fuel Cell
Catalysts
K. Hartl, M. Hanzlik, and M. Arenz

Xi

689

697

709

721

733

741

751

761

775

785

797

811



Electrochemical Characterization of Platinum Alloy Catalysts - Oxide Growth and
Durability
P. Mathew and J. Meyers

Heterogeneities of Aging Through-The-Plane of a Proton-Exchange Membrane Fuel
Cell Cathode
L. Dubau, J. Durst, L. Guétaz, F. Maillard, M. Chatenet, J. André, and E. Rossinot

Impacts of Cathode Loading on Ru Crossover Related PEFC Durability
R. Bashyam, P. He, S. Wessel, and S. Knights

Effect of Graphitic Content on Carbon Supported Catalyst Performance
A. Patel, K. Artyushkova, P. Atanassov, D. B. Harvey, M. Dutta, V. Colbow, and
S. Wessel

Electrochemical and Morphological Studies of Ceramic Carbon Electrodes for Fuel Cell
Systems
J. I Eastcott, J. A. Powell, A. J. Vreugdenhil, and E. Easton

The Platinum/Titanium Nitride Interface: X-ray Photoelectron Spectroscopy Studies
N. Matic, G. Chottiner, F. Ernst, and D. Scherson

Proton Conducting Silica Particles: Relation between Morphology and Conductivity
A. Kumar and V. Ramani

Patterning the Cathode Catalyst Layer - Membrane Interface of a PEMFC for Elevated
Power Density
A. Omosebi and R. Besser

Nanofiber Cathodes for Low and High Humidity Hydrogen Fuel Cell Operation
W. Zhang, M. W. Brodt, and P. N. Pintauro

High Performance Membrane Electrode Assembly Fabricated by Ultrasonic Spray
Technique
X. Huang, W. A. Rigdon, J. Neutzler, D. Larrabee, and J. Sightler

Pore Structure and Cell Performance Analysis of PEMFC Catalyst Layers Fabricated by
Decal Transfer Method with Variation of Hot Pressing Pressure
T. Suzuki, S. Tsushima, and S. Hirai

Xil

817

827

837

845

853

865

875

883

891

901

909



Chapter 7
Pt and Pt-Alloy Catalysts

U.S. Department of Energy Polymer Electrolyte Membrane Fuel Cell Catalyst
Development Activities
K. E. Martin, J. P. Kopasz, T. G. Benjamin, N. L. Garland, W. F. Podolski,
D. R. Peterson, G. Kleen, D. Papageorgopoulos, and D. L. Ho

Influence of Pt Catalyst Nanoparticle Size on the Electrochemical Performance of PEM
Fuel Cells

D. J. Groom, S. Rajasekhara, S. Matyas, Z. Yang, M. Gummalla, S. Ball, and

P. Ferreira

Nanostructured Thin Film Electrocatalysts - Current Status and Future Potential
M. K. Debe, R. T. Atanasoski, and A. J. Steinbach

Development of Ultra-Low Pt Alloy Cathode Catalyst for PEM Fuel Cells
B. N. Popov, X. Li, G. Liu, P. Ganesan, H. Kim, B. Roh, and I. Hvang

Design of ORR Nanocatalyst with High Mass Activity and Stability
A. Tokarev, S. Gusarov, A. Kobryn, and A. Kovalenko

Optimization of Ternary Alloy Catalysts for PEMFC Cathodes
P. Mani, D. Tang, and W. Lee

Pt-Oxide Coverage-Dependent Oxygen Reduction Reaction (ORR) Kinetics
N. P. Subramanian, T. Greszler, J. Zhang, W. Gu, and R. R. Makharia

Transient Platinum Oxide Formation and Oxygen Reduction on Carbon-Supported
Platinum and Platinum-Alloy Electrocatalysts
Y. Huang, J. Zhang, Y. Liu, N. P. Subramanian, F. T. Wagner, J. Jorne, and J. Li

The Active Surface Area of Nanoporous Metals during Oxygen Reduction
J. Snyder and J. Erlebacher

Comparison of the ORR Activity of Carbon Supported PtCo/C and PtSnCo/C
Electrocatalysts for PEM Fuel Cells
S. Ozenler, N. Sahin, B. Akaydin, L. Ovecoglu, A. Genc, J. Léger, T. Napporn, and
F. Kadirgan

Effect of Fe Content on Pt-Fe/C Bimetallic Catalyst Performance by Pulse-Microwave
Assisted Chemical Reduction
J. Zheng, X. Wang, R. Fu, D. Yang, H. Lv, and J. Ma

Xiii

917

933

937

955

971

975

985

1009

1021

1031

1043



Synthesis of Pt-Based Electrocatalysts with Core-Shell Structure through
Electrochemical Reduction for Oxygen Reduction in PEMFC
I Choi, T. Lim, S. Ahn, O. Kwon, and J. Kim

Pt Monolayer on Electrodeposited Pd Nanostructures-Advanced Cathode Catalysts for
PEM Fuel Cells
S. Bliznakov, M. Vukmirovic, L. Yang, E. Sutter, and R. R. Adzic

The Effect of Synthesis Methods on the Electrochemical Activity and Durability of
Carbon Supported Platinum Nanoparticles as Electrocatalysts for PEMFC
M. Darab, M. Thomassen, and S. Sunde

Activity and Structure of Dealloyed PtNis; Nanoparticle Electrocatalyst for Oxygen
Reduction Reaction in PEMFC
F. Hasché, M. Oezaslan, and P. Strasser

Cathode Materials for Polymer Electrolyte Fuel Cells Based on Vertically Aligned
Carbon Filaments

P. Ruvinskiy, M. Rouhet, A. Bonnefont, K. Friedrich, C. Pham-Huu, and

E. R. Savinova

Characterization of Durable Nanostructured Thin Film Catalysts Tested under Transient
Conditions Using Analytical Aberration-Corrected Electron Microscopy

D. A. Cullen, K. L. More, K. Reeves, G. D. Vernstrom, L. L. Atanasoska,

G. M. Haugen, and R. Atanasoski

Electrochemical Preparation of Pt-Based Catalyst on Carbon Paper Treated by Sn
Sensitization and Pd Activation
S. Ahn, I. Choi, O. Kwon, T. Lim, and J. Kim

Electrocatalytic Activities of RugsSe;s Catalysts Prepared by Microwave Method
Q. Zheng, H. Lia, X. Cheng, T. Jao, F. Weng, A. Su, and Y. Chiang

Mesoporous Carbon as Support for PtRu Catalyst Electrochemical and Fuel Cell
Characterization
F. A. Viva, M. M. Bruno, and H. R. Corti

Investigation on the Stability of Pt/C and Pt-RuO,/C Catalysts
E. C. Rufino, F. L. Purgato, and P. Olivi

Enhanced Methanol Electro-Oxidation on Pt-Ru Decorated Self-Assembled TiO,-
Carbon Hybrid Nanostructure
K. G. Nishanth, P. Sridhar, S. Pitchumani, and A. K. Shukla

Xiv

1051

1055

1067

1079

1089

1099

1105

1109

1121

1131

1139



High Performance Plasma Sputtered Fuel Cell Electrodes with Ultra Low Catalytic 1151
Metal Loadings

C. Coutanceau, P. Brault, A. Caillard, M. Mougenot, S. Baranton, A. Ennadjaoui,

and M. Cavarroc

Improved Platinum Electrocatalyst for the Oxygen Reduction Reaction Using Nitrogen- 1161
Modified Carbon Support
1. Herrmann-Geppert, J. Radnik, U. I. Kramm, S. Fiechter, and P. Bogdanoff

XV



PART TWO

Chapter 8
Non-Pt Catalysts

Carbon Supports for Non-Precious Metal Proton Exchange Membrane Fuel Cells
N. D. Leonard, V. Nallathambi, and S. Calabrese Barton

ORR and Fuel Cell Performance of Pt Supported on N-Functionalized Mesoporous
Carbon
S. Shrestha, S. Ashegi, J. Timbro, C. M. Lang, and W. E. Mustain

Electrochemical Characterization of Adsorbed and Immobilized Cu Triazole
Complexes: Some Mechanistic Aspects

G. A. Goenaga, A. Belapure, C. Zhang, A. Papandrew, S. Foister, and

T. Zawodzinski

High Surface Area Tungsten Carbide with Novel Architecture and High
Electrochemical Stability
J. Bernard d'Arbigny, G. Taillades, J. Roziere, D. Jones, and M. Marrony

Preparation of Carbon-Based Catalysts from Nitrogen-Containing Aromatic Polymers
M. Chokai, Y. Nabae, S. Kuroki, T. Hayakawa, M. Kakimoto, and S. Miyata

Factors for Improvements of Catalytic Activity for Zirconium Oxide-Based Oxygen-
Reduction Electrocatalysts
Y. Ohgi, A. Ishihara, K. Matsuzawa, S. Mitsushima, K. Ota, M. Matsumoto, and
H. Imai

RuO,xH,0-TiO; as Catalyst Support for PEM Fuel Cells
C. Lo, G. Wang, A. Kumar, and V. Ramani

C-Si0; Supported Catalysts for Durability and Performance Improvement in PEM Fuel
Cells
A. Uzunoglu, F. Dundar, and A. Ata

XVi

1175

1183

1193

1207

1215

1225

1249

1257



Chapter 9
Direct Alcohol Catalysts

An Optimization Study of PtSn/C Nanocatalysts Prepared by Microwave-assisted
Heating and Their Application in Direct Ethanol Fuel Cell: A Comparative Study of
PtSn/C Nanocatalysts

T. Almeida, L. Palma, P. Leonello, K. Koukoh, and A. R. De Andrade

PtNb Deposited on High Surface Area Carbon Support as Catalyst for Ethanol
Electroxidation
T. de Araujo Rocha, J. J. Linares, and E. R. Gonzdlez

PtSnCe/C and PtSnlr/C Electrocatalysts for Ethanol Oxidation: DEFC and In Situ FTIR
studies

R. F. de Souza, J. M. da Silva, L. S. Parreira, M. D Villa-Silva, F. Simoes,

M. Calegaro, M. De Giz, G. Camara, A. Neto, and M. C. Santos

Comparative Studies of Oxygen Reduction Reaction and Ethanol Oxidation Reaction on
PtSn/C and PtNi/C Catalysts
M. D Villa-Silva, F. Simoes, R. F. de Souza, J. M. da Silva, and M. C. Santos

Ethanol Electrooxidation on PtSnNi/C Nanoparticles Prepared in Water-In-Oil
Microemulsion
N. M. Cantillo, J. Solla-Gullon, E. Herrero, and C. Sanchez

Comparative Study of Different Carbon Nanotube-Supported Platinum Bimetallic and
Trimetallic Catalysts for Methanol and Ethanol Oxidation
L. Dong, H. Dong, L. Yu, Q. Zhang, J. Bai, J. Sui, and B. Ma

Synthesis and Evaluation of Low Platinum-Content Pt-CeO,/MWCNT Cathodes for the
ORR in the Absence and Presence of Ethanol in Acid Media

F. Rodriguez Varela, A. Gaona Coronado, J. Loyola, J. Escalante-Garcia, and

P. Bartolo Pérez

Design of High-Ionic Conductivity Electrodes for Direct Methanol Fuel Cells
A. J. Schrauth and J. Chun

Chapter 10
Durability and Diagnostics: Membranes

An In Situ Probe for Investigating PEM Degradation Kinetics and Degradation

Mitigation
V. Prabhakaran, C. G. Arges, and V. Ramani

xvii

1271

1279

1293

1299

1307

1317

1323

1333

1347



Analysis of Nafion Fuel Cell Membrane Chemical Durability Using Broadband
Dielectric Spectroscopy
M. K. Hassan, A. Nalawade, A. Abukmail, Y. Patil, and K. A. Mauritz

Characterizing Through-Plane and In-Plane Ionic Conductivity of Polymer Electrolyte
Membranes
K. Cooper

Proton Conductivity of Polymer Electrolyte Membranes during Transient Hydration and
Dehydration Cycles
W. A. Rigdon, X. Huang, D. S. Hussey, and D. L. Jacobson

Understanding the lonomer Structure and the Proton Conduction Mechanism in PEFC
Catalyst Layer: Adsorbed Nafion on Model Substrate
D. Paul, A. Fraser, J. Pearce, and K. Karan

Investigation of Water-Molecule Network in Hydrated Polymer Electrolyte Membranes
by Raman Spectroscopy: Effect of Polymer Structure and Cation Impregnation
S. Tsushima, Y. Iwamoto, A. Horai, Y. Tabuchi, and S. Hirai

Investigation of HT-PEFCs by Means of Synchrotron X-ray Radiography and
Electrochemical Impedance Spectroscopy
W. Maier, T. Arlt, K. Wippermann, C. Wannek, 1. Manke, W. Lehnert, and D. Stolten

Measurement of Hydrogen-Gas Solubility and Diffusivity in Polymer Electrolyte
Membrane by NMR Method
R. Nagahisa, D. Kuriya, K. Ogawa, Y. Takata, and K. Ito

Radicals in Fuel Cell Membranes: Mechanisms of Formation and Ionomer Attack
L. Gubler, S. Dockheer, and W. Koppenol

Fuel Impurity Effects on High Temperature PBI Based Fuel Cell Membranes
G. Qian and B. C. Benicewicz

Sub-T Macromolecular Motions in Phosphoric Acid Doped Polybenzimidazole
Membranes for High Temperature Fuel Cell Applications
A. Nalawade, A. Abukmail, M. K. Hassan, and K. A. Mauritz

Evaluation of the Durability of Polymer Electrolyte Membranes in Fuel Cells
Containing Pt/C and Pt-Co/C Catalysts under Accelerated Testing
M. P. Rodgers, L. Bonville, and D. Slattery

XVviii

1359

1371

1381

1393

1407

1413

1423

1431

1441

1449

1461



Recoverable Performance Loss due to Membrane Chemical Degradation in PEM Fuel
Cells
J. Zhang, B. Litteer, F. Coms, and R. R. Makharia

The Effect on PEMFC Contamination of Functional Groups of Some Organic
Contaminants
H. Cho, M. Ohashi, and J. W. Van Zee

Chapter 11
Membranes

Super Proton Conductive Nafion Nanofibers: Discovery, Fabrication, Properties, and
Fuel Cell Performance
B. Dong, H. Chen, J. Snyder, and Y. A. Elabd

Nanofiber-Based Composite Membranes for Fuel Cells
J. B. Ballengee and P. Pintauro

On Electrospinning of PFSA: A Comparison between Long and Short-Side Chain
Ionomers
S. Subianto, S. Cavaliere, D. Jones, and J. Roziéere

Ultra-Thin Reinforced Ionomer Membranes to Meet Next Generation Fuel Cell Targets
B. Kienitz, J. Kolde, S. Priester, C. Baczkowski, and M. Crum

R and D for Improvement on Polymer Electrolyte Membrane and Ionomer Dispersion
Y. lizuka, Y. Inoue, A. Kato, M. Honda, N. Miyake, T. Yoshimura, T. Ino, and
M. Kondo

Effects of Annealing Conditions on the Performance of Solution Cast Nafion
Membranes
X. Ding, T. F. Fuller, and T. Harris

Proton Conductivity and Partial Molar Volume of Different Polymer Electrolyte
Membranes
Y. Bai, M. Maalouf, A. Papandrew, and T. A. Zawodzinski Jr.

Mesoporous Nafion Membranes for Fuel Cell Applications
S. Jiang and J. Lu

Investigation of Heteropolyacid Based Composite Membranes
J. Rajeswari, Z. Ziegler, G. M. Haugen, S. Hamrock, and A. M. Herring

Xix

1471

1487

1503

1507

1517

1521

1531

1537

1545

1555

1561



A Numerical Study on Defects in High Temperature Membranes through Solidification
Z. Y. Ahmad and T. Harris

Poly(2,5-Benzimidazole) Membranes: Physico-Chemical Characterization and High
Temperature PEMFC Application
J. J. Linares, C. Sanches, V. Paganin, and E. R. Gonzdlez

PolyPOM Hybrid Membranes from Practical Chemistries with very High Proton
Conductivities
J. Horan, M. Kuo, H. Ren, J. D. Jessop, M. Frey, and A. M. Herring

High Temperature Proton Exchange Membranes Based on Various Heteropoly
Acids(HPW, HSiW, HPMo or HSiMo) Functionalized Silica Nanocomposites with
Tunable Mesoporous Structure and Superior Proton Conductivity for Fuel Cells

J. Zeng, S. Jiang, and L. Li

Polystyrene-Based Superacidic lonomers: Synthesis and Proton Exchange Membrane
Applications
Y. Chang and C. Bae

Monomers, Polymers and Cross-Linked Membranes for Membrane Fuel Cells and
Electrolysis
J. A. Kerres, A. Chromik, K. Krajinovic, A. Katzfuss, C. Seyb, K. Aniol, V. Atanasov,
T. Kaz, T. Haering, A. Kruger, H. Schoeman, D. Bessarabov, and H. Krieg

Functionalized Silica Composite Membranes for Direct Methanol Fuel Cells
S. Yun, J. Parrondo, C. Lo, and V. Ramani

Rigid Rod Poly(Phenylene Sulfonic Acid) PEMs and MEAs with Grafted and
Crosslinked Biphenyl Groups: Mechanical and Electrical Properties
K. Siand M. H. Litt

Chapter 12
Components for Alkaline PEFCs

Oxygen Electroreduction on Pt,Co; and Pt,Cu;.x Alloy Nanoparticles for Basic and
Acidic PEM Fuel Cell
M. Oezaslan, F. Hasché, and P. Strasser

The Electro-Oxidation of Ethanol in Alkaline Medium at Different Catalyst Metals
D. Bayer, C. Cremers, H. Baltruschat, and J. Tiibke

XX

1567

1579

1595

1603

1615

1621

1633

1645

1659

1669



Electrooxidation of Ethylene Glycol and Glycerol by Pt Based Binary and Ternary
Templated Catalysts in Alkaline Media
A. Falase, K. Garcia, M. Main, C. Lau, and P. Atanassov

Pt;Sn; Catalysts for Ethanol Electro-Oxidation: Correlation between Surface Structure
and Catalytic Activity
E. A. Baranova, K. Artyushkova, B. Halevi, T. Amir, U. Martinez, and P. Atanassov

Ex Situ Spectroscopy Study of Manganese Oxide Catalytic Surfaces under Reaction
Conditions Relevant to Oxygen Reduction and Oxygen Evolution
Y. Gorlin and T. F. Jaramillo

Graphene-Riched CoySs-N-C Non-Precious Metal Catalyst for Oxygen Reduction in
Alkaline Media
G. Wu, H. T. Chung, M. Nelson, K. Artyushkova, K. L. More, C. M. Johnston, and
P. Zelenay

Borohydride Oxidation on Platinum Electrodes - Is Platinum Really a Faradaic
Inefficient BOR Electrocatalyst
M. Molina Concha, K. Freitas, A. Martini Pasqualeti, M. Chatenet, F. Lima, and
E. Ticianelli

Comparative Study on Electrochemical Oxidation of Sodium Borohydride on Carbon
Supported PtSn and Pt
J. Hou and M. Ellis

A Comparison between Dialkyl and Monoalkyl Viologens for Use in Direct-
Carbohydrate Fuel Cells
D. Hansen, J. Hadley, A. Read, E. Manwill, W. Pitt, and D. Wheeler

Effect of Temperature on CO and Ethanol Oxidation in Alkaline and Acidic Media
C. Cremers, C. Niether, D. Bayer, and J. Tiibke

Selective Ethylene Glycol Oxidation Reaction for Carbon Neutral Energy Cycle
System
T. Takeguchi, H. Arikawa, M. Yamauchi, and R. Abe

Designing Alkaline Exchange Membranes from Scratch
H. Sarode, M. A. Vandiver, A. M. Maes, B. Caire, J. L. Horan, Y. Yan, Y. Li,
G. E. Lindberg, J. F. Dama, C. Knight, R. Jorn, M. E. Lenz, R. Kasper, S. Gu,
B. Zhang, S. Seifert, T. Tsai, W. X. Zhang, E. Coughlin, D. Knauss, Y. Yan,
G. A. Voth, T. Witten, M. Liberatore, and A. M. Herring

xxi

1681

1691

1701

1709

1719

1729

1737

1747

1755

1761



Anion Conductive Membrane Prepared by Plasma Polymerization for Direct Methanol
Alkaline Fuel Cell
M. Sudoh, S. Niimi, T. Kurozumi, and Y. Okajima

Multiscale Simulation of Hydroxide Solvation and Transport in Anion Exchange
Membranes
G. E. Lindberg, C. Knight, R. Jorn, J. F. Dama, and G. A. Voth

Anion Exchange Membranes (AEMs) with Perfluorinated and Polysulfone Backbones
with Different Cation Chemistries
C. G. Arges, M. Jung, G. Johnson, J. Parrondo, and V. Ramani

Electrospun Composite Membranes for Alkaline Fuel Cells
A. M. Park and P. N. Pintauro

Calculating Hydroxide Conductivity in Alkaline Anion Exchange Membranes
A. M. Kiss, T. D. Myles, K. N. Grew, A. A. Peracchio, G. J. Nelson, and W. K. Chiu

Chapter 13
Bipolar Plates, Seals, Stacks, etc.

Initial Interfacial Contact Resistance of Metallic Bipolar Plates
L. Bonville, H. R. Kunz, L. Lipp, J. McCabe, M. Mahapatra, and P. Singh

Metal Coated Polycarbonate Bipolar Plates for Air Breathing Polymer Electrolyte Fuel
Cells
Y. Lee, T. Park, I. Chang, and S. Cha

Effect of Chemical Treatment on Interfacial Contact Resistance of Ferritic Stainless
Steel as Bipolar Plate for PEMFC
K. Kim, J. Kim, and K. Kim

Expanded Graphite Epoxy Composite Bipolar Plates for PEM Fuel Cells
B. Unveroglu, F. Dundar, F. Ay, S. Yazici, and A. Ata

Maintaining Desired Temperature and Relative Humidity throughout a Fuel Cell
F. Barbir, I. Tolj, and D. Bezmalinovic

Improved Water Removal from Fuel Cell Flow Channels via Natural Frequency
Excitation of Free Surfaces
A. M. Schafer and J. S. Allen

xxii

1775

1785

1795

1817

1827

1839

1853

1861

1869

1879

1887



Low Stoichiometry Operation of a Polymer Electrolyte Membrane Fuel Cell Employing

the Interdigitated Flow Field Design
T. Berning, M. Odgaard, and S. Knudsen Kcer

Hydrodynamics and Current Distribution Analysis of Bipolar Plates for Direct Ethanol
Fuel Cells .
D. C. Orozco, C. Sanchez, J. Lobato, and D. Ubeda

Understanding the Stress Response of Seals in Fuel Cell Subject to Temperature
Cycling
T. Cui, Y. Chao, and J. W. Van Zee

Current Density Distribution Measurement in HT-PEFC Stacks Operated with
Reformate Gas from Middle Distillates
L. Liike, H. Janfen, W. Lehnert, and D. Stolten

The Use of Proton Exchange Membrane Fuel Cell Technology to Recover Gaseous
Helium from Rocket Testing Systems
M. Angelo, M. Haberbusch, C. Nguyen, K. Bethune, and R. Rocheleau

Effects of Phosphoric Acid Concentration on Platinum Catalyst and Phosphoric Acid
Hydrogen Pump Performance
S. J. Buelte, D. Lewis, and G. Eisman

Chapter 14
Direct Organic Fuel Cells

Anode Catalysts for the Direct Dimethyl Ether Fuel Cell
Q. Li, G. Wu, C. M. Johnston, and P. Zelenay

Effect of CO; on the Alkaline Membrane Fuel Cell
K. N. Grew, X. Ren, and D. Chu

Development of an Alkaline Anion Exchange Membrane Direct Ethylene Glycol Fuel
Cell Stack
C. Cremers, A. Niedergesdfs, F. Jung, D. Miiller, and J. Tiibke

Use of Electrochemical Methods for Evaluation of Components for Liquid Fuel Cells
L. Krishnan, T. Huang, M. P. Rainka, G. Zappi, J. Stein, and G. Soloveichik

Electrochemical Behavior of Direct Methanol Fuel Cells Based on Acidic Silica -

Sulfonated Polysulfone Composite Membranes
V. Baglio, F. Lufrano, O. Di Blasi, P. Staiti, V. Antonucci, and A. Arico

XXiii

1897

1909

1927

1935

1943

1955

1969

1979

1987

1997

2003



Evaluation of Current Output in Pseudomonas Aeruginosa Microbial Fuel Cells Using
Glycerol as Susbtrate and Nafion 117 as Proton Exchange Membrane
A. S. Gomes, C. E. La Rotta, M. Nitschke, and E. R. Gonzalez

Chapter 15
Poster Session

Permeability of a PEMFC Gas Diffusion Layer Based on Morphology
E. Nishiyama and T. Murahashi

Electrode Compositions for High-Temperature Polymer Electrolyte Fuel Cell
(HT-PEFC)
T. Kaz, J. Xia, A. Chromik, V. Atanasov, T. Hdiring, and J. A. Kerres

Structure Alteration and Activity Improvement of PdCoAu/C Catalysts for the Oxygen
Reduction Reaction
Y. Wei and K. Wang

Effect of the Content of Platinum and Carbon Support in Cathode Catalyst on the Cell
Performance under Low and High Relative Humidity
H. Nakajima, K. Matsutani, T. Kaieda, and T. Tada

Stochastic Reconstruction at Two Scales and Experimental Validation to Determine the
Effective Electrical Resistivity of a PEMFC Catalyst Layer
R. Barbosa, B. Escobar, U. Cano, R. Pedicini, R. Ornelas, and E. Passalacqua

Modeling the Variation of Relative Humidity along the Cathode Feed Channel of a
PEM Fuel Cell
M. Baghalha

Effect of Ammonia Contained in Hydrogen Fuel on PEMFC Performance
D. Imamura, Y. Matsuda, Y. Hashimasa, and M. Akai

Layered Titanates Intercalating Organic Guest Spacers for Organic/Inorganic Proton
Conductors
C. de Bonis, A. D'Epifanio, B. Mecheri, E. Traversa, M. Miyayama, and S. Licoccia

Development of the New Model for the Proton Hopping by Molecular Dynamics
Simulation
H. Sakai, T. Yoshida, and T. Tokumasu

Molecular Dynamics Study of Oxygen Permeation in PFSA Tonomer on the Pt Catalyst
Surface
K. Sakai and T. Tokumasu

XXIV

2011

2021

2033

2041

2049

2061

2073

2083

2091

2097

2105



Analysis of Proton and Water Transfer in PFSA Membrane by Molecular Dynamics
Simulation
T. Mabuchi and T. Tokumasu

Proton Conduction Characteristics in Radiation-Grafted Polymer Electrolyte
Membranes Based on Perfluorinated and Aromatic Hydrocarbon Polymers
S. Sawada and Y. Maekawa

Ionic-Crosslinked Interpenetrating Polymer Network (IPN) Membranes for Anhydrous
High Temperature Polymer Electrolyte Fuel Cells Based on PFSA Tonomer and
Functionalized Polysiloxane

X. Zhu, Z. Martin, K. T. Clark, T. Brecht, R. A. Potrekar, S. Burgess, and J. B. Kerr

Blend Membranes of Highly Phosphonated Polysulfone and Polybenzimidazoles for
High Temperature Proton Exchange Membrane Fuel Cells
R. A. Potrekar, K. T. Clark, X. Zhu, and J. B. Kerr

Renewing Accelerated Stress Tests Correlated to Actual Deterioration in Proton
Exchange Membrane Fuel Cells to Evaluate the Durability of Perfluorinated and
Hydrocarbon Proton Exchange Membranes

Y. Nomura, Y. Hiramitsu, S. Yamashita, Y. Yamaguchi, K. Kobayashi, and M. Hori

The Use of Tonic and Non-Ionic Surfactants for the Control of Platinum Nanoparticle
Aggregation in Proton Exchange Membrane Fuel Cells (PEMFCs)
B. Pollet, J. E. Newton, J. A. Preece, and O. J. Curnick

Membranes with Phosphonic Acid Moieties for High Temperature PEMFC
L. Ghil and H. Rhee

Analysis of Kinetics of Oxygen Reduction Reaction in Alkaline Solution by Scanning
Electrochemical Microscopy
R. Teranishi, E. Higuchi, M. Chiku, and H. Inoue

Development of Oxygen Reduction Electrocatalysts Based on Manganese Oxides for
AEMFCs
T. Takakuwa, M. Akiyoshi, T. Kenko, M. Saito, H. Daimon, A. Tasaka, M. Inaba,
H. Shiroishi, T. Hatai, and J. Kuwano

Investigation of Titanium Supported Au-Ni and Pt-Ni Bimetallic Nanoparticles as
Electrocatalysts for Direct Borohydride Fuel Cells
L. Tamasauskaité-Tamasiinaité, A. Balciunaité, R. Cekaviciiité, and A. Selskis

xxv

2115

2125

2135

2147

2161

2165

2175

2179

2185

2193



Performance of Fe-Co-Ni/C Anode Catalyst on Direct Ethanol Fuel Cell
A. Nakamura, H. Takahashi, T. Takeguchi, T. Yamanaka, Q. Wang, Y. Uchimoto,
and W. Ueda

Activity and Durability of Pd Core/Pt Shell-Loaded Carbon Black as the Cathode
Catalyst in PEFC
R. Sakai, M. Chiku, E. Higuchi, and H. Inoue

PAN Based Carbon Nanofibers as an Active ORR Catalyst for DMFC
N. Nakagawa, M. Ali Abdelkareem, D. Takino, T. Ishikawa, and T. Tsujiguchi

The Mechanism for Ethanol Oxidation Reaction on SnO,@Pt/C Core Shell
Electrocatalyst
J. M. da Silva, R. F. de Souza, M. Calegaro, and M. C. Santos

Electrocatalytic Activity for Oxygen Reduction Reaction of Au Core/Pt Shell Catalysts
H. Inoue, K. Hayashi, M. Chiku, and E. Higuchi

Rotating Disk Electrode Investigation of Pt/Carbon Electrocatalyst Activity and
Durability
C. Wang, N. V. Dale, and K. Adjemian

Titanium Dioxide-Supported Platinum Catalysts
S. Huang, P. Ganesan, and B. N. Popov

Oxygen Reduction Activity of Pyrolyzed Polyanilines Studied by '°N Solid-State NMR
and XPS with Principal Component Analysis
S. Kuroki, Y. Nabae, M. Kakimoto, and S. Miyata

Electrocatalytic Ethanol Oxidation Reaction at Rh and SnO, Monolayer-Modified Pt
Electrodes
A. Haze, M. Chiku, E. Higuchi, and H. Inoue

Oxygen Reduction Reaction Activity of Shape Controlled Pt Catalysts
A. Toge, T. Yokono, M. Saito, H. Daimon, A. Tasaka, and M. Inaba

Electrochemical Oxidation of Surface Oxides to Partially Recover the Performance of
Non-PGM Catalyst under Fuel Cell Operation
T. Han, N. V. Dale, K. Adjemian, V. Nallathambi, and S. Calabrese Barton

Functionalized Metal Oxides for PEMFC Applications
D. Cozzi, C. de Bonis, A. D'Epifanio, B. Mecheri, V. Felice, A. Tavares, and
S. Licoccia

XXVI

2205

2211

2219

2231

2237

2245

2255

2269

2277

2283

2289

2297



Highly Durable Carbon Nanotube-Supported Pd Cathode Catalysts Covered with Silica
Layers for Polymer Electrolyte Fuel Cells: Effect of Silica Layer Thickness on the
Catalytic Performance

S. Takenaka, H. Miyamoto, N. Susuki, H. Matsune, and M. Kishida

Characterization of Oxygen Reduction Activity and Durability of Non-Pt Carbon-Alloy
Catalysts for PEMFC MEAs
L. Wu, Y. Nabae, S. Kuroki, M. Kakimoto, and S. Miyata

Electrochemical Performance of Polymer Electrolyte Fuel Cells Using Carbon-Free
SnO,-Supported Pt Electrocatalysts
K. Kanda, S. Hayashi, F. Takasaki, Z. Noda, S. Taniguchi, Y. Shiratori, A. Hayashi,
and K. Sasaki

Development of Non-Precious Metal Catalysts for Oxygen Reduction Reaction in Fuel
Cells with High Activity and Stability

X. Li and B. N. Popov
Electrochemical Studies of Novel Pt/Ceria/C Oxygen Reduction Catalysts for Fuel

Cells
J. Chlistunoff, M. Wilson, and F. Garzon

Author Index

XXVii

2305

2313

2325

2333

2341





