Polymer Electrolyte Fuel Gells 12 (PEFC 12)

Editors:

H. A. Gasteiger
Technische Universitat
Miinchen

Miinchen, Germany

V. Ramani
lllinois Institute of Technology
Chicago, lllinois, USA

F. N. Biichi
Paul Scherrer Institut
Villigen,Switzerland

A. Weher

Lawrence Berkeley National
Laboratory

Berkeley, California, USA

T. Fuller
Georgia Institute of Technology
Atlanta, Georgia, USA

P. Shirvanian

Ford Motor Co.
Dearborn, Michigan, USA

Sponsoriny Divisions:

Energy Technology

Corrosion

Battery

D. C. Hansen

University of Dayton Research
Institute

Dayton, Ohio, USA

K. Shinohara
Nissan Motor
Kanagawa, Japan

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

M. Edmundson
W. L. Gore & Associates,
Elkton, Maryland, USA

D. J. Jones
University Montpellier 2
Montpellier, France

H. Uchida
University of Yamanashi
Kofu, Japan

Physical and Analytical Electrochemistry

P. Strasser
Technical University Berlin
Berlin, Germany

C. Coutanceau
Université de Poitiers
Poitiers, France

S. Mitsushima
Yokohama National University
Yokohama, Japan

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

K. Swider-Lyons
Naval Research Laboratory
Washington, DC, USA

W. Xing

Changchun Institute of Applied
Chemistry

Changchun, China

T. J. Schmidt
Paul Scherrer Institut
Villigen, Switzerland

Industrial Electrochemistry and Electrochemical Engineering

Published by

dfy

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

[THiransactions

Vol. 50, No. 2



Copyright 2012 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)
ISSN 2151-2051 (cd-rom)

ISBN 978-1-62332-001-0 (CD-ROM)
ISBN 978-1-60768-350-6 (PDF)
ISBN 978-1-60768-364-3 (Softcover)

Printed in the United States of America.




ECS Transactions, Volume 50, Issue 2
Polymer Electrolyte Fuel Cells 12 (PEFC 12)

Table of Contents

Preface

Chapter 1
Plenary Talks

Hyundai's FCEVs: A Pathway to New Possibilities
T. Limand B. Ahn

Development of Advanced Materials and Devices for Cost Reduction of PEFC CHP
System
H. Oharaand T. Omura

Membrane Fuel Cells - Options for Bipolar Plate Materials and Production Technology
A. Heinzel, L. Kiihnemann, T. Derieth, M. Grundler, T. Grimm, and M. Kouachi

Limiting Current as a Tool to Study Oxygen Transport in PEM Fuel Cells
D. R. Baker and D. A. Caulk

lonomer in the Catalyst Layer
S Holdcroft

Development of Thin, Reinforced PEMFC Membranes through Understanding of
Structure-Property-Performance Relationships
W. Liu, T. Suzuki, H. Mao, and T. Schmiedel

Development of Highly Active and Durable Pt Core-Shell Catalysts for Polymer
Electrolyte Fuel Cells
M. Inaba and H. Daimon

Chapter 2
Section A - Modeling

A 3D Two-Phase Model for a Membraneless Fuel Cell Using Decomposition of
Hydrogen Peroxide with Y-Shaped Microchannel
J. Peng, Z. Zhang, and H. Niu

Vi

11

25

35

47

51

65

77



Modeling Oxygen Concentration Oscillation in the Gas Channel of Polymer Electrolyte
Fuel Cells: A Comparison between Numerical and Analytical Approaches
P. Guillemet, G. Maranzana, J. Mainka, A. Lamibrac, J. Dillet, and O. Lottin

A Two-Phase Pressure Drop Model Incorporating Local Water Balance and Reactant
Consumption in PEM Fuel Cell Gas Channels
E.J. Seeand S G. Kandlikar

Diffusive - Kinetic Evaporation Models for Fuel Cells
E. F. Médici, D. L. Fritz1ll, and J. S Alllen

A Map to Start PEFC under Freezing Temperature -Theoretical Analysis of Super-Cooled
State in Cell-
Y. Ishikawa, M. Shiozawa, M. Kondo, and K. Ito

Detailed Numerical Modeling of a Hybrid Polymer Electrolyte Fuel Cell
B. E. McNealy and J. L. Hertz

Statistical Simulation of the Performance and Degradation of a PEMFC Membrane
Electrode Assembly
D. A. Harvey, A. Bellemare-Davis, K. Karan, B. Jayansankar, J. G. Pharoah,
V. Colbow, A. Young, and S. Wessel

Multi-Scale First-Principles Modeling of Three-Phase System of Polymer Electrolyte
Membrane Fuel Cell
G. Brunello, J. Choi, D. A. Harvey, and S. Jang

Variational Models of Pore Networks in lonomer Membranes: The Role of Electrostatics
K. Promislow, J. Jones, Z. Xu, N. Gavish, and A. Christlieb

Molecular Simulation of Proton and Water Transport in Hydrated Nafion Membrane
T. Mabuchi and T. Tokumasu

Numerical Simulation of the Interfacial Oxygen Transport Resistance for a PEMFC
Cathode Incorporating Water Droplet Coverage
M. Kozand S. G. Kandlikar

Molecular Dynamics Study of Water Transport Property in Micro Hydrophobic Pore
A. Fukushima, T. Mima, |. Kinefuchi, and T. Tokumasu

3D Modeling of One and Two Component Gas Flow in Fibrous Microstructures in Fuel
Cells by Using the Lattice-Boltzmann Method
J. Brinkmann, D. Froning, U. Reimer, V. Schmidt, W. Lehnert, and D. Solten

viii

87

99

113

123

137

147

155

161

175

183

197

207



Lattice Boltzmann Modeling of the Effective Thermal Conductivity of an Anisotropic
Gas Diffusion Layer in a Polymer Electrolyte Membrane Fuel Cell with Residual Water
J. Yablecki, J. Hinebaugh, and A. Bazylak

Maximum Efficiency Point Tracking Type Power Control System for a Fuel Cell Power
Generation System
K. Itako and H. Takahashi

Thermo-Fluid Dynamics Simulation of Passive Type PEFC by COMSOL Multipysics
Y. Nakajima, E. Ejiri, and J. Otsuka

Chapter 3
Section A - Diagnostics

Application of Impedance Spectroscopy to Characterize Polymer-Electrolyte-Membrane
(PEM) Fuel Cells
M. E. Orazem

Study on Protocols for Evaluating Reactant Gas Transport in Cathode Catalyst Layers of
PEFC
H. Yasuda, K. Kobayashi, A. Daimaru, and M. Hori

An Oxygen Flux Interrupt Method and In Situ Micro-Sensor for Characterizing Oxygen
Transport in PEFCs
W. K. Epting and S. Litster

Measurements of Water Vapor and Current Distributions and Prediction of Water
Crossover in PEMFC under Low-Humidity Conditions
K. Nishida, M. Asa, S. Tsushima, and S. Hirai

In-Plane Liquid Water Distribution at the Interface between the Gas Diffusion Layer and
Catalyst Layer in the Cathode of a Polymer Electrolyte Fuel Cell with a Hybrid Pattern
Flow Field

H. Nakajima, T. Kitahara, Y. Takazono, S. Miyahara, and A. Shimizu

Design of a Non-Invasive Optical Fiber Sensor for In Situ Measurement of Temperature
in a Proton Exchange Membrane Fuel Cell
K. Inman, X. Wang, and B. Sangeorzan

Calculating Hydrogen Mass Transport Coefficients in a PEMFC at Different Operating
Conditions Using a Hydrogen Pump Configuration
M. S Angelo, K. P. Bethune, and R. E. Rocheleau

221

231

237

247

261

269

279

291

301

313



Chapter 4
Section A - Visualization

In Situ Water Distribution Visualization in MEA by Soft X-ray Radiography
S Tsushima, P. Deevanhxay, T. Sasabe, and S Hirai

Visualization of Liquid Water Accumulation in PEMFCs Operating at Different
Temperatures by Soft X-ray Radiography
P. Deevanhxay, T. Sasabe, S Tsushima, and S. Hirai

Visualizing Liquid Water Evolution in a PEM Fuel Cell Using Synchrotron Radiography
J. Hinebaugh, J. Lee, and A. Bazylak

Electron Tomography Based 3D Reconstruction of Fuel Cell Catalysts
J. Jankovic, D. Susac, T. Soboleva, and J. Stumper

3D Chemical Mapping of PEM Fuel Cell Cathodes by Scanning Transmission Soft X-ray
SpectroTomography
V. Bergjnov, D. Susac, J. Sumper, and A. P. Hitchcock

Heterogeneous Porosity Distribution Under Compression of Gas Diffusion Layer Using
Synchrotron X-ray Tomography
J. Je, S. Doh, J. Kim, and M. Kim

Effects of Channel Structure and Wettability on Liquid Water Transport in Cathode of
PEFC
Y. Ishizaki, R. Taniguchi, K. Nishida, S. Tsushima, and S. Hirai

Dynamic SIMS Analysis of PEMFC Catalyst Layer/Solid Electrolyte Interfaces
T. Ebihara, M. Ngjima, T. Kondo, and M. Yuasa

Chapter 5
Section A - Catalyst and Porous Transport Layers

Determination of CL lonomer Conductivity
K. Karan

STXM Characterization of PEM Fuel Cell Catalyst Layers
D. Susac, V. Bergjnov, A. P. Hitchcock, and J. Sumper

Analysis and Experiments of Major Parameters in Catalyst Layer Structure Affecting on
PEFC Performance
M. Kobayashi, Y. Tabe, and T. Chikahisa

327

335

343

353

361

369

375

385

395

405

415



Performance Characteristics of PEFCs with Patterned Electrodes Prepared by Piezo-
Electric Printing
D. Malevich, M. S. Saha, E. Halliop, B. A. Peppley, J. G. Pharoah, and K. Karan

Ice-Crystallization Kinetics and Water Movement in Gas-Diffusion and Catalyst Layers
T. J. Dursch, M. Ciontea, G. Trigub, C. Radke, and A. Weber

Influence of Hydrohilic and Hydrophobic Double MPL Coated GDL on PEFC
Performance
T. Kitahara, H. Nakajima, K. Mori, and M. Inamoto

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

The Effect of Microporous Layer on PEFC Dryout
D. Malevich, E. Halliop, J. Suryana, B. A. Peppley, J. G. Pharoah, and K. Karan

Understanding Mechanism of PTFE Distribution in Fibrous Porous Media
G. Inoue, N. Ishibe, Y. Matsukuma, and M. Minemoto

Measurement of Capillary Pressure Curves in GDLs at Elevated Temperatures
K. P. Shrestha and J. Gostick

Water Distribution in GDL near Optimal Humidification
J. Eller, J. Roth, R. Gaudenz, S. Irvine, F. Marone, M. Sampanoni, A. Wokaun, and
F. Buchi

Investigation of Water Breakthrough and Flow in Gas Diffusion Layers and Relavance to
Fuel Cell Water Management
Z. Lu and J. Patterson

Effect of Channel Materials on the Behavior of Water Droplet Emerging From GDL into
PEMFC Gas Channels
P. Gopalan and S. G. Kandlikar

Microstructure-Driven Analysis of Two-Phase Transport in Diffusion Media of PEFCs
E. A. Wargo, V. P. Schulz, A. Cecen, S R. Kalidindi, and E. C. Kumbur

PEMFC Gas Diffusion Media Degradation Determined by Acid-Base Titrations
J. Chlistunoff, J. R. Davey, K. C. Rau, R. Mukundan, and R. L. Borup

Subzero Degradation Analysis of Membrane Electrode Assemblies Modified with
Additives
A. Pistono, C. A. Rice, J. Lewis, and V. Ramani

Xi

423

429

437

445

453

461

469

477

487

503

513

521

531



Improvement of PEFC Performance by Removing GDLs
K. Takeuchi, |. Kato, M. Shiozawa, S. Hamada, S Goto, M. Kondo, and S. Sano

PEMFC GDE Oxygen Mass Transport Coefficient Separation with Different Gas
Diluents
T. V. Reshetenko and J. St-Pierre

Employing Dew Point Diagrams to Optimize PEMFC Operating Conditions
T. Berning

Role of the Cathode Microporous Layer in a PEMFC
E. Nishiyama, M. Hara, and T. Murahashi

Effect and Development of Cathode Catalyst on PEFC Cell Performance under Low and

High Relative Humidity
H. Nakajima and K. Matsutani

Multi-Analytical Study of Gas Diffusion Layer PTFE Content Local Variation
T. V. Reshetenko, J. S-Pierre, K. P. Bethune, K. Artyushkova, R. Rocheleau, and
P. Atanassov

Chapter 6
Section B - Contamination Effects

Characterizing Leachant Contaminants from Fuel Cell Assembly Aids, a Prelude to
Effects on Performance
C. S Macomber, J. Christ, H. Wang, B. S. Pivovar, and H. N. Dinh

Understanding the effects of Contaminants from Balance of Plant Assembly Aids
Materials on PEMFCs -In Situ Studies
M. S. Opu, M. Ohashi, H. Cho, C. S Macomber, H. N. Dinh, and J. W. Van Zee

The Impact of Operating Conditions on the Performance effect of Selected Airborne
PEMFC Contaminants
Y. Zhai, J. S-Pierre, and M. S. Angelo

Liquid Water Scavenging of PEMFC Contaminants
B. Wetton and J. S-Pierre

Evaluation of PEMFC System Contaminants on the Performance of Pt Catalyst Via
Cyclic Voltammetry
H. Wang, C. S Macomber, and H. N. Dinh

Xii

539

549

557

569

581

591

603

619

635

649

659



Effect of Cationic Contaminants on Polymer Electrolyte Fuel Cell Performance
J. Qi, X. Wang, U. Pasaogullari, L. Bonville, and T. Molter

Chapter 7
Section B - MEA Degradation

Performance and Durability of HT-PEFCs with Customized Flow Field
F. Liu, M. Kvesic¢, K. Wippermann, U. Reimer, and W. Lehnert

Impact of Polymer Electrolyte Membrane Degradation Products on the Activity of the
Oxygen Reduction Reaction for Platinum Catalysts
J. M. Chrigt, K. Neyerlin, H. Wang, R. M. Richards, and H. N. Dinh

Internal Currents, CO, Emissions and Decrease of the Pt Electrochemical Surface Area
during Fuel Cell Start-Up and Shut-Down

J. Dillet, A. Lamibrac, G. Maranzana, J. Durst, D. Spernjak, J. D. Fairweather,

R. Mukundan, R. L. Borup, S Didierjean, and O. Lottin

MEA Design for Improved Cathode Durability under Startup Shutdown Automotive
Conditions
J. Roberts, F. Berretta, H. Haas, A. Yang, S Ronasi, S Kundu, A. Leow, B. Lew,
C. Elvidge, I. Bellosillo, G. Orha, Y. Hsieh, and N. Barsan

Verification of Durability Test Methods of an MEA for Automotive Application
Y. Hashimasa, T. Shimizu, Y. Matsuda, D. Imamura, and M. Akai

Chapter 8
Section B - Stack Structure/Components

Investigation on Effect of PTFE Treatment on GDL Micro-structure by High-resolution
X-ray CT
T. Sasabe, G. Inoue, S Tsushima, S Hirai, T. Tokumasu, and U. Pasaogullari

Dynamic Analysis and Diagnostics of a High Temperature PEM Fuel Cell Stack
Y. Zhu, W. H. Zhu, and B. J. Tatarchuk

Fabrication and Optimization of Membrane Electrode Assembly with Support-Less
Platinum Catalysts for Space Applications
X. Huang, W. A. Rigdon, K. J. Billings, and T. |. Valdez

Investigating the Performance of Catalyst Layer Micro-Structures with Different
Platinum Loadings
M. Khakbaz Baboli, D. A. Harvey, and J. G. Pharoah

Xiii

671

681

691

701

711

723

735

745

753

765



Development of Ultra-Low Pt Alloy Cathode Catalyst for PEM Fuel Cells
B. N. Popov, T. Xie, T. Kim, W. Jung, K. Akos, B. Murphy, D. Gamliel, and
P. Ganesan

Flow Field Design for a Polymer Electrolyte Unitized Reversible Fuel Cell
C. Hwang, H. Ito, T. Maeda, A. Nakano, A. Kato, and T. Yoshida

Fabrication of Bipolar Plates Based on Graphite Sheet via Stamping Method
T. Park, |. Chang, Y. Lee, and S. Cha

A Novel Lightweight Polymer Electrolyte Fuel Cell Stack for Robot Systems
S Hwang, G. Choi, A. Bates, R. M. Ench, S. Lee, O. Kwon, D. Lee, S Mukherjee,
and S Park

Chapter 9
Section B - Fuel Cells (General)

Immobilized Viologen Polymers for Carbohydrate Fuel Cells
Y. Pan, J. Sockton, R. Urie, W. Pitt, and D. R. Wheeler

In Situ and Ex Situ Contact Resistance Measurements of Stainless Steel Bipolar Plates
for PEM Fuel Cells
S Ladre, O. Kongstein, A. Oedegaard, F. Seland, and H. Karoliussen

Spatially Resolved Characterization of DMFCs Aged under Critical Conditions
A. Léhmer, K. Wippermann, M. Miller, C. Korte, and D. Solten

Development of a High Performance MEA Using Current-Sensing Atomic Force
Microscopy (CS-AFM) and Nano-Scale Impedance Spectroscopy (NIS)
O. Kwon, S. Lee, D. Lee, B. Han, S Hwang, G. Choi, S Mukherjee, A. Bates, and
S Park

Nanoscale Transport Phenomena in PEM of PEFC by Large Scale Molecular Dynamics
Simulations
T. Tokumasu

A Direct DME High Temperature PEM Fuel Cell
A. Vassiliev, J. Jensen, Q. Li, C. Pan, L. Cleemann, T. Seenberg, H. Hjuler, and
N. J. Bjerrum

Percolation in a Proton Exchange Membrane Fuel Cell Catalyst Layer
S A Sacyand J. S Allen

Xiv

773

787

795

805

819

829

841

853

859

869

877



Chapter 10
Section C - Low-Temperature Cation Exchange Membranes

Advances in Proton Exchange Membrane Technology
S Banerjee, D. N. Prugh, and S. Frisk

Fuel Cell Performance of Electrospun Membranes with 660 Equivalent Weight
Perfluorosulfonic Acid
J. B. Ballengee and P. N. Pintauro

Mechanism of Perfluorsulfonic Acid Membrane Chemical Degradation Under Low RH
Conditions
F. D. Coms, H. Xu, T. McCallum, and C. Mittelsteadt

Challenges to High-VVolume Production of Fuel Cell Materials: Quality Control
M. Ulsh, B. Sopori, N. V. Aieta, and G. Bender

Polymer Electrolyte Membrane Durability -Local Degradation at Pinholes
S Kreitmeier, A. Wokaun, and F. Biichi

Investigation of PEM Degradation Kinetics and Degradation Mitigation Using In Situ
Fluorescence Spectroscopy and Real-Time Monitoring of Fluoride-lon Release
V. Prabhakaran, C. G. Arges, and V. Ramani

Copolymeric Short-Long Side Chain PFSA/PTFE Membranes with High lon Exchange
Capacities for Fuel Cell Applications
Y. Zhu, J. Tang, and Y. Zhang

Effect of Thermal Treatment on the Properties of Ultra-Thin Nafion Film
D. K. Paul and K. Karan

Role of Chemical-Mechanical Energies in Understanding Structure and Properties of
Aged and Degraded Membranes
A. Kusoglu and A. Weber

Numerical Validation of Water Transport in a Polymer Electrolyte Membrane
R. S Fu, N. Khajeh-Hosseini-Dalasm, and U. Pasaogullari

On the Diffusion Coefficient of Water in Polymer Electrolyte Membranes
A. C. Olesen, T. Berning, and S K. Kegr

A Study on Structural Property of lonomer as a Model for Catalyst Layer: Relationship
between Thickness and Proton Conduction for lonomer Thin Film on Different
Substrate

A. Ohira, S. Kuroda, and H. Mohamed

887

897

907

919

927

935

945

951

961

967

979

993



Accelerated Testing of Carbon Corrosion and Membrane Degradation in PEM Fuel
Cells

R. Mukundan, G. James, D. Ayotte, J. R. Davey, D. Langlois, D. Spernjak,
D. Torraco, S. Balasubramanian, A. Weber, K. L. More, and R. L. Borup

Degradation of Perfluorosulfonic Acid Membrane Water Permeance via Formation of
Sulfonic Acid Anhydrides
S M. Clapham, F. D. Coms, T. J. Fuller, and L. Zou

Cross-linked Aromatic Polymers for High Durability PEM Membranes: Materials and
Methods
M. Di Vona, E. Sgreccia, and P. Knauth

Poly(Arylene Ether Sulfone) lonomers with Different Acidity Strengths and Fuel Cell
Membrane Properties
Y. Chang, G. Brunello, M. Disabb-Miller, M. Hawley, Y. Kim, M. Hickner, S. Jang,
and C. Bae

Proton Mobility in Hydrated Acidic Polymers: Consequences for Optimization of Proton
Conductivity
P. Knauth and M. Di Vona

PFG-NMR and SANS Studies in Cation Exchange Membranes Based on Sulfonated
Polyphenylene Multiblock Copolymers
M. Yoshida, Y. Zhao, M. Yoshizawa-Fujita, A. Ohira, Y. Takeoka, S. Koizumi, and
M. Rikukawa

Synthesis and Characterization of Polyethylene-g-Sulfonated Polysulfone Copolymers
for Proton Exchange Membranes
H. Kim, M. Zhang, X. Yuan, S. N. Lvov, and T. Chung

Synthesis and Proton Exchange Membrane Application of Aromatic Diblock Copolymer
Electrolytes

T. Oshima, K. Umezawa, M. Yoshizawa-Fujita, A. Ohira, Y. Takeoka, and

M. Rikukawa

Synthesis of Hydrocarbon lonomer Materials and Evaluations of MEA
S Miura, T. Oshima, K. Umezawa, M. Yoshizawa-Fujita, A. Ohira, Y. Takeoka, and
M. Rikukawa

lonic Conductivity of [dema][TfO]/Solid Acid-Base Composite Membrane
A. Fujisawa, K. Matsuzawa, Y. Kohno, and S. Mitsushima

1003

1011

1021

1031

1037

1045

1055

1073

1081

1089



Polyvinyl Alcohol Based Nanocomposite Membranes Containing Aluminum Hydroxide 1097
Gel
O. |. Radionova, I. Y. Prokhorov, and G. Y. Akimov

Cross-Linked Poly(Arylene Ether Ketone) Membranes Containing Pendant Sulfonic 1107
Acid Groups for Fuel Cell Applications
H. Dang and D. Kim

Chapter 11
Section C - High Temperature Cation Exchange Membranes

Performance of the HT-PEM Membrane Electrode Assembly 1127
H. Hjuler, T. Seenberg, C. Terkelsen, T. Holst, H. Garcia, and K. Cooper

Performance Analysis of a High-Temperature Polymer Electrolyte Membrane Fuel Cell 1137
under Mechanical Compression Control
A. Diedrichs and P. Wagner

Thermogravimetric and Spectroscopic Investigation of the Interaction between 1155
Polybenzimidazole and Phosphoric Acid
A. Majerus, F. Conti, C. Korte, W. Lehnert, and D. Solten

Sulfonated-Nanocomposites Incorporated Polybenzimidazole Based Polymer 1167
Electrolyte Membranes for Fuel Cells
K. A. Sewart and H. Pal Sngh Missan

Novel Polybenzimidazole-Phosphoric Acid Membranes for Fuel Cell Applications 1179
G. W. Yeager, L. Krishnan, T. A. Early, T. Zhang, and M. R. LaTorre

Advanced Hybrid Super Acidic Inorganic-Organic PEMs for Hotter and Drier 1193

Operation

A. Herring, J. L. Horan, M. Kuo, J. Jessop, G. Schlichting, and Y. Yang

Anhydrous Novel Acid-Base Binary and Ternary Systems for Fuel Cell Applications 1199
M. Singh and H. Missan

Polymer Inorganic Composite (PIC) Nanofiber Proton Exchange Membrane for Direct 1213
Methanol Fuel Cells (DMFC)
G. Arumugam, V. Kamavaram, V. Veedu, and K. Cheung

Membranes for a Regenerative H,/Br, Fuel Cell 1217
J. Park, R. Wycisk, and P. N. Pintauro

Xvii



Composite Sulfonated Polyether Ether Ketone (SPEEK) Membranes with 3-
(Trihydroxysilyl)-1-Propanesulfonic Acid for a Direct Methanol Fuel Cell (DMFC)
S Yun, J. Parrondo, and V. Ramani

Polyelectrolytes Functionalized Graphene as Metal-Free Electrocatalysts for Oxygen
Reduction
X. Dai, P. Chi, L. Ding, B. Tian, S Liu, and J. Qiao

Ammonium Polyphosphate Composite Based Electrolytes for Intermediate Temperature
Fuel Cells
N. Kluy, B. B. Reeb, O. Paschos, F. Maglia, O. Schneider, U. Simming, S. Angioni,
and P. P. Righetti

Catalyst Coated PBI Membrane High Temperature Assemblies
N. Donzel, N. Séphane, A. Kreisz, J. Bernard d'Arbigny, D. J. Jones, and J. Roziére

Chapter 12
Section D - Pt Based Catalysts/Electrodes

Evaluation of the Pt/C Catalyst for Fuel Cells Prepared by a Nanoparticle Formation
Pulsed Arc Plasma Source
Y. Agawa, S. Endo, M. Matsuura, and Y. Ishii

3D-Graphitized and Iron Modified Carbon Aerogels for Sustainable Energy
Applications
P. Kalla, K. Kerce, Y. Normah, J. Houk, W. Rhine, D. Dixon, Y. Zhao, H. Fong, and
A. Smirnova

Influence of Pore Structure of N-Doped Mesoporous Carbon in PEM Fuel Cells
S Shrestha, S Ashegi, J. Timbro, and W. E. Mustain

Nanofiber Electrodes for High Power PEM Fuel Cells
M. Brodt, R. Wycisk, and P. N. Pintauro

Durability of the Electrocatalyst Fabricated based on Carbon Nanotubes
T. Fujigaya, M. R. Berber, and N. Nakashima

U.S. Department of Energy Polymer Electrolyte Membrane Fuel Cell Catalyst
Development Activities
T. G. Benjamin, K. Epping-Martin, N. L. Garland, D. L. Ho, J. P. Kopasz,
D. C. Papageorgopoulos, and W. F. Podol ski

1233

1247

1255

1263

1271

1277

1287

1301

1309

1315



Theoretical Study of Particle Size effect on Oxygen Reduction Reaction on Pt Catalyst
Y. Kawamura and R. Jinnouchi

Size-Selected Platinum Clusters as Electrocatalysts for the Oxygen Reduction Reaction

M. Nesselberger, S. Kunz, F. F. Schweinberger, K. Schidgl, K. J. Mayrhofer, U. Heiz,

and M. Arenz

Synthesis of Platinum Catalyst Clusters and Electrochemical Investigation of Stability
R. A. Hackendorn and A. V. Virkar

Pt Nanoparticles Dispersion Influence on Fuel Cell Performance
M. Darab, J. Gomez de la Fuente, M. Skinlo Thomassen, and S. Sunde

The effect of Platinum Oxide Growth on Platinum Stability in PEMFCs
E. L. Redmond, P. Trogadas, F. M. Alamgir, and T. F. Fuller

Development of Alternated Catalyst Layer Structure for PEM Fuel Cells
W. Mei, T. Fukazawa, Y. Nakano, Y. Akasaka, and K. Naito

Theoretical Study of the Structure, Stability and Oxygen Reduction Activity of Ultrathin

Platinum Nanowires
1. Matanovié¢, P. R. Kent, F. H. Garzon, and N. J. Henson

Oxygen Reduction Activity of Vapor-Grown Platinum Nanotubes
A. B. Papandrew, R. W. Atkinson, G. A. Goenaga, D. L. Wilson, S. S Kocha,
K. Neyerlin, J. W. Zack, B. S Pivovar, and T. A. Zawodz nski

Activity of Pt Extended Network Electrocatalyst Structures Made from Spontaneous
Galvanic Displacement
K. Neyerlin, B. A. Larsen, S. Pylypenko, S. S Kocha, and B. S. Pivovar

Effect of Silicotungstic Acid on Cathode Performance in Proton Exchange Membrane
Fuel Cells
P. Baker, H. R. Kunz, and L. Bonville

Analyzing the Effect of Ultra-Low Pt Loading on Mass and Specific Activity of PEM
Fuel Cells

K. Akos, T. Xie, T. Kim, W. Jung, D. Gamliel, B. Murphy, P. Genesan, and

B. N. Popov

Structural Change of the Pt/C Electrocatalyst in Humidified Air Observed by In Situ
TEM
T. Shimizu, D. Imamura, T. Yaguchi, T. Kanemura, and T. Kamino

Xix

1321

1333

1339

1353

1369

1377

1385

1397

1405

1415

1427

1439



Application of Electrospinning Technique in the Fabrication of Catalyst Layer of
Membrane Electrode Assemblies
J. J. Sghtler, E. McPherson, W. A. Rigdon, and X. Huang

High-Performance Pt Catalysts Supported on High-Surface-Area Graphene Composites
for PEFCs
L. Sun, H. Zhang, Z. Li, L. Sanciu, J. llavsky, and J. Xie

Investigation of Solvent Effects on the Dispersion of Carbon Agglomerates and Nafion
lonomer Particles in Catalyst Inks Using Ultra Small Angle X-ray Scattering and Cryo-
TEM

L. Sun, H. Zhang, J. llavsky, Z. Li, and J. Xie

Structural Control and Evaluation of PEMFC Catalyst Layers by Blending Platinum-
Supported/Stand-Alone Carbon Black
T. Suzuki, S Tsushima, and S Hirai

Influence of Ink Composition on the Electrochemical Properties of Pt/C
Electrocatalysts
S S Kocha, J. W. Zack, S. M. Alia, K. Neyerlin, and B. S Pivovar

Analysis of Oxygen Transport Resistance of Nafion Thin Film on Pt Electrode
K. Kudo and Y. Morimoto

Effect of High Oxygen Permeable lonomers on MEA Performance for PEFC
K. Yamada, S Hommura, and T. Shimohira

Chapter 13
Section D - Durability of Pt-Based Cathodes

Catalyst Degradation: Nanoparticle Population Dynamics and Kinetic Processes
S G. Rinaldo, W. Lee, J. Sumper, and M. Eikerling

In Situ Anomalous Small-Angle X-ray Scattering Study of Fuel Cell Catalyst
Degradation in Aqueous and Membrane Electrode Assembly Environments
J. A. Gilbert, N. N. Kariuki, A. Kropf, D. Morgan, D. J. Myers, S Ball, J. Sharman,
B. Theobald, and G. Hards

Cathode Catalysts Degradation Mechanism from Liquid Electrolyte to Polymer
Electrolyte Membrane Fuel Cells
A. A. Marcu, G. Toth, and P. Pietrasz

1445

1453

1461

1467

1475

1487

1495

1505

1515

1523



Rotating Disk Electrode Techniques Designed to Simulate Fuel Cell Startup/Shut-
Down Transient Conditions
D. A. Sevens, J. Harlow, R. J. Sanderson, C. W. Watson, T. J. Crowtz, J. Dahn,
G. D. Vernstrom, L. L. Atanasoska, G. M. Haugen, and R. T. Atanasoski

The Influence of Experimental Conditions on the Catalyst Degradation in the
Accelerated Durability Test Using a Rotating Disk Electrode
T. Nagai, H. Murata, and Y. Morimoto

A Study of Electrochemical Ostwald Ripening in Pt and Ag Catalysts Supported on
Carbon
P. Parthasarathy and A. V. Virkar

PtCo Alloy Stability in PEMFCs under Automotive Cyclic Conditions
C. Chuy, M. Davis, M. Guenther, H. Haas, D. Susac, C. Talpalaru, and H. Zhang

Durable, OER-Active Compositions of Pt, Ir, and Ru for PEM Fuel Cell Start-Stop
Protection
J. E. Harlow, D. A. Sevens, R. J. Sanderson, C. W. Watson, T. C. Crowtz, J. Dahn,
G. M. Haugen, L. L. Atanasoska, G. D. Vernstrom, and R. T. Atanasoski

Effect of Nanosheet Size on Activity and Durability of RuO, Nanosheet Pt/C Catalyst
C. Chauwvin, Q. Liu, T. Saida, K. S Lokesh, T. Sakai, and W. Sugimoto

Time Resolved Corrosion of Electrode Supports in PEM Fuel Cells
J. D. Fairweather, D. Spernjak, R. Mukundan, R. K. Ahluwalia, S. Arisetty, and
R. L. Borup

Real-time CO, Detection from Carbon Support Oxidation in PEM Fuel Cell Cathodes
during Potential Cycling
E. Niangar, T. Han, N. Dale, and K. Adjemian

Platinum Dissolution in Nitrogen Oxides-Containing HCIO,4 Solution Studied by
Electrochemical Quartz Crystal Microbalance
H. Kuroe, T. Morita, Y. Uchiyama, T. Abe, and S. Imabayashi

Chapter 14
Section D - Pt-Alloy and Corrosion-Resistant Cathode Catalysts

Development of Highly Active Pt,Ni/CCC Catalyst for PEM Fuel Cell
T. Xie, W. Jung, T. Kim, K. Akos, P. Ganesan, and B. N. Popov

Subsurface Enrichment of Highly Active Dealloyed Pt-Ni Catalyst Nanoparticles for
Oxygen Reduction Reaction
L. Gan, M. Heggen, and P. Strasser

1533

1539

1547

1563

1575

1583

1589

1599

1607

1615

1627



Core-Shell Fine Structure and Size-Dependent Morphology of Dealloyed Pt
Bimetallic Nanoparticle Fuel Cell Electrocatalysts
M. Oezaslan, M. Heggen, F. Hasché, and P. Strasser

PEMFC Nanoparticle Catalyst Dealloying from Kinetic Monte Carlo Simulations
B. Puchala, S Lin, L. Wang, and D. Morgan

Pt-Sn(Oxidized Shell)/C and Pt-Sn(Reduced)/C as Cathode Catalysts for the Oxygen
Reduction Reaction in Polymer Electrolyte Fuel Cells: Catalyst Performances and
Characterization
G. Samjeské, S Nagamatsu, K. Nagasawa, Y. Imaizumi, S. Takao, O. Sekizawa,
T. Yamamoto, T. Uruga, and Y. Iwasawa

The Potential of Non Carbon Based Catalysts for Automotive Fuel Cells
J. Suchdand, B. Klose-Schubert, D. Herein, T. Martin, C. Eickes, and M. Lennartz

Mixed Metal Oxides as Corrosion-Resistant Catalyst Supports for Polymer Electrolyte
Fuel Cells
A. Kumar and V. Ramani

Titania and Carbon Nanotube Composite Catalyst Supports for Durable
Electrocatalyst Performance
W. A. Rigdon, J. J. Sghtler, D. Larrabee, E. McPherson, and X. Huang

Conductive Nanostructured Materials for Supported Metal Catalysts
J. Sansifiena, M. Wilson, and F. H. Garzon

Effects of Tin Dioxide Loading on ORR Activity and Durability of Pt/C Catalyst
T. Kinumoto, N. Eguchi, M. Matsuoka, T. Tsumura, and M. Toyoda

Electrochemical Stability of Topmost Surface of Pt-Enriched Ni/Pt(111) Prepared by
Molecular Beam Epitaxy
N. Todoroki, Y. lijima, R. Takahashi, Y. Yamada, K. Matsumoto, T. Hayashi, and
T. Wadayama

Improvement in Activity of Highly Durable Silica-Coated Pd/CNT Cathode Catalysts
for PEFC by Addition of Cu
S Takenaka, H. Miyata, T. Tsukamoto, H. Matsune, and M. Kishida

Synthesis and Electrochemical Characterization of Carbon Supported Platinum Grown
by Template Assisted Gas Phase Deposition

J. B. Bult, K. Neyerlin, S. Christensen, A. Dameron, S S Kocha, J. W. Zack,

B. S Pivovar, and K. E. Hurst

xxii

1633

1643

1651

1659

1669

1681

1693

1701

1707

1715

1723



Highly Durable Indium Tin Oxide Modified Carbon Supporters for Polymer
Electrolyte Membrane Fuel Cells
H. Joo, J. Park, D. Kim, and H. Choi

The Mechanism of the Improvement in Catalytic Activity of Ir Modified by V
Compared to Pure Ir/C
B. Li, D. Yang, R Lin, Z. Yu, and J. Ma

Chapter 15
Section D - Non-Precious Metal Catalysts

Synthesis and Electrochemical Characterization of Co, Cu, Fe, Ni and Mn-Based
Catalysts for ORR in PEM Fuel Cells
G. A. Goenaga, J. Brooksbank, C. Dabke, A. Belapure, A. Papandrew, S. Foister,
and T. A. Zawodzinski

Surface Reaction Analysis of Tantalum-Oxide Oxygen-Reduction Catalysts by Using
X-ray Photoelectron Spectroscopy
M. Matsumoto, T. Miyazaki, S. Fujieda, A. Ishihara, K. Ota, and H. Imai

ORR Activity of Nb Oxide Based Catalyst Prepared from Nb Compound Including C
and N
K. Hara, A. Ishihara, M. Matsumoto, M. Arao, H. Imai, Y. Kohno, K. Matsuzawa,
S Mitsushima, and K. Ota

Highly Active Titanium Oxide-based Catalyst for Oxygen Reduction Reaction for
PEFC
K. Quito, A. Ishihara, M. Arao, M. Matsumoto, H. Imai, Y. Kohno, K. Matsuzawa,
S Mitsushima, and K. Ota

Preparation of Highly Active Zr Oxide-Based Oxygen Reduction Electrocatalysts as
PEFC Cathode
S Yin, A. Ishihara, Y. Kohno, K. Matsuzawa, S. Mitsushima, K. Ota, M.
Matsumoto, M. Arao, and H. Imai

Oxygen Reduction on TiO,-Coated Carbon Nanofibers Decorated with Graphene
Platelets
J. P. McClure, C. Devine, A. Loehl, R. Jiang, D. Chu, J. Cuomo, G. Parsons, and
P. S Fedkiw

Coaxial TiIN-CNT Composites as Effective Low Temperature Fuel Cell
Electrocatalyst Supports
D. C. Higginsand Z. Chen

Xxiii

1729

1739

1749

1759

1769

1777

1785

1791

1801



Electrospun Iron/Polyacrylonitrile Derived Nanofibrous Catalysts for Oxygen
Reduction Reaction
J. Wu, D. C. Higgins, and Z. Chen

Nitrogen-Doped Activated Graphene Supported Platinum Electrocatalyst for
Oxygen Reduction Reaction in PEM Fuel Cells
J. Choi, D. Lee, and Z. Chen

Catalytic Activity and Stability of Ta Compounds for Oxygen Reduction Reaction
S Mitsushima, Y. Fujita, A. Ishihara, Y. Ohgi, K. Matsuzawa, M. Matsumoto,
M. Arao, H. Imai, Y. Kohno, and K. Ota

Evaluation of Nitrogen Species and Microstructure of Silk-Derived Activated
Carbon as Non-Precious Metal Catalyst for PEFC Cathode
H. Fukunaga, T. Shimoyama, N. Takahashi, T. Takatsuka, and H. Kishimoto

Metropolis Monte Carlo Search for Non-Precious Metal Catalyst Active Site
Candidates
E. F. Holby, G. Wu, P. Zelenay, and C. D. Taylor

Tuning the Process Gas in a Dual Plasma Process to Enhance the Performance of
Cobalt-Polypyrrole Catalyts for the Oxygen Reduction Reaction in Fuel Cells
C. Walter, K. Kummer, D. Wyalikh, V. Bruser, and K. Weltmann

Low-Cost, High-Efficiency Non-PGM Cathode Catalysts Using MOFs as
Precursors
D. Zhao, J. Shui, C. Chen, S. Comment, B. Reprogle, and D. Liu

Alkalinity of Non-Precious Metal Catalysts for Oxygen Reduction
N. D. Leonard, S Ganesan, V. Nallathambi, and S. Calabrese Barton

Development of Hybrid Cathode Catalyst for PEM Fuel Cells
T. Kim, W. Jung, T. Xie, K. Akos, P. Ganesan, D. Gamliel, B. Murphy, and
B. N. Popov

Nitrogen-doped Graphene as an Active Electrocatalyst for Oxygen Reduction
Reaction
D. Leg, A. Yu, and Z. Chen

XXiV

1807

1815

1823

1831

1839

1847

1861

1869

1875

1887



Chapter 16
Section E - Alkaline and Direct-Fuel Electrocatalysis

Ammonia Electrooxidation on NiPd Nanoparticles in Alkaline Media: Effect of pH

and Concentration
A. Allagui, S Sarfraz, B. Middleton, F. Almomani, and E. A. Baranova

Reaction Mechanism of Ethanol Oxidation over Gold Catalyst under Alkaline
Environment
M. Koyama, Y. Amano, S. Liu, and T. Ishimoto

Catalysts for Alkaline Direct Ethanol and Direct Formate Fuel Cells
A. M. Bartrom, G. Ognibene, J. Ta, J. Tran, and J. L. Haan

Development of Electrocatalyst for Anion-Type Polymer Electrolyte Fuel Cell
Using KOH-Doped Polybenzimidazole
T. Fujigaya and N. Nakashima

Pt-Free Catalysts for Alkaline Direct Ethanol Membrane Electrode Assemblies
A. Sadlhofer, M. Bodner, H. Schréttner, and V. Hacker

A Ternary Catalyst for Dimethyl Ether Electrooxidation
Q. Li, G. Wu, Z. Bi, C. M. Johnston, and P. Zelenay

Pt Decorated Amorphous Rulr Alloys as High Efficiency Electrocatalyst for
Methanol Oxidation
Y. J. Ma, H. Wang, S. Ji, B. G. Pollet, and R. F. Wang

Development of High Performance Direct Formic Acid Fuel Cell Using Hyper
Branched Polymer as a Catalyst Stabilizer
T. Tsujiguchi, M. Kojima, T. lwakami, N. Nakagawa, and K. Kojima

Carbon-TiO, Composite Nanofibers as a Promising Support for PtRu Anode
Catalyst of DMFC
M. A. Abdelkareem, Y. Ito, T. Tsujiguchi, and N. Nakagawa

0,-Enhanced Methanol Oxidation at Pt-Ru-C Ternary Sputtered Electrode
S Shironita, M. Ueda, and M. Umeda

Quantitative Analysis of CO, Generation during Ethanol Electrooxidation on Pt-
Sn/C and Pt-SnO,/C
S Kaneda, K. Matsuzawa, Y. Kohno, and S. Mitsushima

1897

1907

1913

1919

1927

1933

1943

1951

1959

1969

1979



Investigation of Electrocatalytic Activity of the Nanostructured Au-Cu Catalyst
Deposited on the Titanium Surface towards Borohydride Oxidation
L. Tamasauskaite-Tamasiunaite, A. Balciunaité, A. Vaiciukeviciene,

|. Stankeviciene, A. Selskis, and E. Norkus

Enhanced Electrocatalytic Performance for Methanol Oxidation via Insertion of
Ruthenium Oxide Particles into Pt and Polyaniline-Poly(Acrylic Acid-co-Maleic
Acid) Composite Electrode

C. Kuo, Z. Kuo, T. Wu, J. Chen, and W. Li

Electrochemical Behavior and Morphology of Nano Catalyst for Fuel Cell: The
Effect of Ultrasonic and Microwave Techniques
M. Tran, T. Doan, P. Duong, M. Le, and T. Nguyen

Reaction Analysis of Alcohol Electro-Oxidation at Intermediate Temperatures
J. Otomo, |. Shimada, F. Kosaka, K. Ishiyama, and Y. Oshima

Investigations of the Anodic Oxidation of Ethanol under Forced Convection and
Ambient Conditions
J. O. Méier, C. Cremers, U. Simming, and J. Tubke

Analysis of Mechanism of Oxygen Reduction Reaction on Non-Noble Metals in
Alkaline Solution by Scanning Electrochemical Microscopy
R. Teranishi, E. Higuchi, M. Chiku, and H. Inoue

DMFC Performance of Cross-Linked Sulfoethylcellulose/Poly(Vinyl Alcohol)
Blend Electrolyte Membranes
Y. Kasai, T. Okayama, G. Guan, and A. Abudula

Chapter 17
Section E - Alkaline Membranes

Alkaline Membrane Fuel Cell (AMFC) Materials and System Improvement -
State-of-the-Art
D. R Dekel

Molecular Dynamics Simulations of Hydroxide Solvation and Transport in
Anionic Exchange Membranes
G. E. Lindberg, C. Knight, L. E. Felberg, and G. A. Voth

Fundamental Studies of Alkaline Exchange Membranes towards Optimization in
a Fuel Cell Environment
A. Herring, M. Vandiver, A. M. Maes, H. N. Sarode, E. Coughlin, D. Knauss,
Y. Yan, G. E. Lindberg, C. Knight, G. A. Voth, D. Herbst, T. Witten, and
M. Liberatore

XXVi

1987

1997

2001

2009

2019

2031

2039

2051

2053

2059



Development of Alkaline Exchange lonomers for Use in Alkaline Polymer
Electrolyte Fuel Cells
S D. Poynton, R. Zeng, J. Kizewski, A. Ong, and J. R. Varcoe

Alkaline Durable Anion Exchange Membranes Based on Graft-Type
Fluoropolymer Films for Hydrazine Hydrate Fuel Cell
K. Yoshimura, H. Koshikawa, T. Yamaki, Y. Maekawa, K. Yamamoto,
H. Shishitani, K. Asazawa, S Yamaguchi, and H. Tanaka

Highly Anion-Conducting Porous Polymer Electrolyte Membrane for Alkaline
Fuel Cells
H. Zarrin, M. Fowler, and Z. Chen

Modeling and Analysis of lon Transport Through Anion Exchange Membranes
Used in Alkaline Fuel Cells
S Castafieda Ramirez and C. Sanchez Saenz

Transport Properties of Plasma Polymerized Anion Exchange Membrane for
Direct Methanol Alkaline Fuel Cells
T. Kurozumi, Y. Okajima, H. Nagai, and M. Sudoh

Synthesis and Characterization of Perfluoro Quaternary Ammonium lon
Exchange Membranes for Fuel Cell Applications
M. A. Vandiver, S. Seifert, M. Liberatore, and A. Herring

Membrane Science for Liquid Organic Fuel Cells
K. T. Clark, L. Krishnan, G. W. Yeager, and J. B. Kerr

Membrane Electrode Assemblies Based on Hydrocarbon Electrolytes with Nitrile

Groups for Direct Methanol Fuel Cells

S Hirter, M. Milller, K. Wippermann, M. D. Guiver, L. Scoles, and D. Solten

Chapter 18
Section E - Electrolysis and Alkaline Fuel Cell Materials

High Temperature Electrochemical Hydrogen Pump Cell Using a PBI Membrane

at High Current Densities
T. J. Petek, J. S Wainright, and R. F. Savinell

Comparing Hydrogen Oxidation and Evolution Reaction Kinetics on
Polycrystalline Platinum in 0.1 M and 1 M KOH
P. Rheinléander, S. Henning, J. Herranz, and H. A. Gasteiger

XxXvii

2067

2075

2083

2091

2109

2119

2129

2139

2153

2163



Predicting Carbonate and Bicarbonate lon Transport in Alkaline Anion Exchange
Membranes

A. M. Kiss, T. D. Myles, K. N. Grew, A. A. Peracchio, G. J. Nelson, and

W. K. Chiu

Alkaline Stability and lon Conductivity of Polysulfone Anion Exchange
Membranes (AEMs) with Different Cation Chemistries
C. G. Argesand V. Ramani
Electrode Degradation of Direct Methanol Fuel Cells Evidenced by X-ray
Tomography
Q. Li, D. Spernjak, P. Zelenay, and Y. Kim
Hydrogen Generation from Aluminum Corrosion in Aqueous Solutions
Y. Chiu, C. Chen, K. Hsueh, and J. Hung

Author Index

XXviii

2175

2183

2199

2207





