Large Lithium Ion Battery
Technology and Application
Symposium (LLIBTA 2014) and
Large EC Capacitor Technology
and Application Symposium
(ECCAP 2014)

Held at AABC 2014

Atlanta, Georgia, USA
4-5 February 2014

ISBN: 978-1-5108-0400-5



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2014) by Advanced Automotive Batteries (AAB)
All rights reserved.

Printed by Curran Associates, Inc. (2015)

For permission requests, please contact Advanced Automotive Batteries (AAB)
at the address below.

Advanced Automotive Batteries (AAB)
P.O. Box 1059
Oregon House, CA 95962

Phone: (530) 692-0140
Fax: (530) 692-0142

info@advancedautobat.com

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2634

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

LLIBTA SYPOSIUM

TRACK A: CELL MATERIALS AND CHEMISTRY

SESSION A1l: HIGH-ENERGY LI-ION CATHODES AND ANODES

Transformation Mechanisms in Layered-Layered Composite Cathodes: The Role of Local Structure........................ 1
Jason Croy

Development of Lithium Mixed Metal Phosphate Cathode Materials for Li-Ion Batteries ...............cccococeninnininnnne 9
Margaret Wohlfhart Mehrens

Status of Engineered Reversible, High Capacity Si Based Li-ion Anodes: Progress to Date ................c..cocccoenienenen. 18
Prashant Kumta

Designing Electrode Coatings to Enhance Life of Lithium-Ion Cells...............ccccoociiiiiiiiiniiiieceeen 46
Daniel Abraham

“POSTER +8” PRESENTATIONS

Fabrication and Performance of LiNigs Mng; Cog, O, Cathodes through Aqueous Processing with
VAFIOUS BINAELS ......c..ooiiiiiiieiieie ettt e et e et e et e e teeeabe e beeesbeessseasseessseesseassseesseeessaessseensaeasseensaessseenseesssenn 57
Jianlin Li

SESSION A2: ELECTROLYTES FOR NON-AQUEOUS BATTERIES

In-situ Quantitative Analyses 0N SEL............ccooiiiiiiiiiiii ettt sttt sttt st 63
Kang Xu

High Voltage Electrolyte for Lithium Batteries ...............c..co.cociiiiiiiiii e 74
Zhengcheng (John) Zhang

High-Voltage Electrolytes: Safety and Performance through the Use of Fluorochemicals ...................c..cccocininine. 83
Joe Sunstrom

Advances in Electrolytes for Lithium Ion Batteries: A Mechanistic Understanding................c.ccoccooeevininninincnennn. 85
Brett Lucht

Ionic Liquid Electrolytes — Enabling the Future of High-Energy Automotive Battery Technology............................. 97
Adam Best

“POSTER +8” PRESENTATIONS

Scale-up of High-Voltage Redox Shuttles ...............cooiiiiiiiiiiiii et 109
Trevor Dzwiniel

Modular Electrolyte Additives: Decoupling Uniform Deposition and Stability ................c..ccoociniiiiininin 115
Deirdre Strand

New Cell Evaluation Methods and Data Mining Techniques ...............ccoooiiriiiiiiiiiiiee e 118
Steven Kaye

SESSION A3: BEYOND LITHIUM ION

ARPA-E Program for Next Generation Batteries................c..cccooiiiiiiiniiiiiiiiiiiicece e 125
Ping Liu

Next Generation Lithium-Sulfur, Lithium-Air, and Lithium-Water Batteries Based On PolyPlus

Protected Lithium ELECEIrOAEs ..............occvooiiiiiiieieeiieee ettt e ettt e et e et e e bt e saeesseessseenseessseensaesnseenseesnsens 136
Steve Visco

Beyond Li-Ion: A Reality Check for Automotive APpLICAtions ............c..cocoeiiiiiiiiiiiiiieeee e 150

Stanley Whittingham



Aluminum-Air Range Extender for Electric Vehicles ... 159
Aviv Tzidon

“POSTER +8” PRESENTATIONS

Process Development and Scale-up of a Cobalt Free High Energy Cathode Material ..., 163
Ozgenur K. Feridun

High-Energy Cell Development in the Cell Analysis, Modeling, and Prototyping (CAMP) Facility ......................... 169
Andy Jansen

Application of Biominerals to Improve Performance of Cathode Materials...............c..ccocoooiiviniinininnininecene 174

Shailesh Upreti

TRACK B: BATTERY ENGINEERING

SESSION B1: CELL AND PACK ENGINEERING

Evaluation of Simple Models for Battery SImulation ................ccccooiiiiiiiiiiii e 179
Robert Spotnitz

Building Batteries from Particles to Systems Aided by Mathematics and Computers .............c..cccccoceeveneinenenncnenns 190
Gi-Heon Kim

Design and Modeling of Li-ion Cells with Si Negative Electrodes ..............ccccoocoiiiiiiiniininiiiinieeeeee e 204
Thomas F. Fuller

Modeling of a Lithium-Ion Battery for Cell Scale-Up and Thermal Design................c..cccociiiiiininininiine, 211
Chee Burm Shin

“POSTER +8” PRESENTATIONS

Heraeus Porocarb® - A New Class of Additives for Electrodes in Lithium Ion Cells .............................oooni 222

Christian Neumann

SESSION B2: SAFETY AND DURABILITY VALIDATION: TESTING AND MODELING

Battery System Safety fOr XIEVS..........ooiiiiiiiiiie ettt ettt et et st e b bt et e he et bt e bt eae et ereens 234
Galen Ressler

Battery Testing for EV Applications - A Comparison Between US and Chinese-Based Protocols............................ 242
Jon Christophersen

Trends and Sensitivities in Hazard Severity Levels of Lithium-Ion Cells to Common Abuse Tests ................c......... 251
Erik Spek

Advanced Models for Life Prediction and Extension of Battery Lifetime.................c..c.cocoiiiinee 264
Kandler Smith

“POSTER +8” PRESENTATIONS

Emulating Internal Short Circuit in Lithium-Ion Cells for Understanding Abuse Behavior ................c.coccoceiien. 277
Ahmad Pesaran

Quantifying Li-Ion Battery Safety for PHEV and EV Applications ..............c..coocooiiiiiiiiiniiiinceee e 289
Vijay Somandepalli

PTI Solutions for High Capacity Battery Pack InSpection................c..ccc.ocoiiiiiiiniiiiiiicceecceeees 297
Jesse Sklar

Post-Test Analysis of Lithium-Ion Battery Materials at ANL ...........c.ccooiiiiiiiiiie e 305
Javier Bareiio

Non-Destructive Testing Technique for Li-Ion Battery Quality Control..............cccccocooiiiiniiiiniiniiniincneceneeeene 309

Simon Lambert



SESSION B3: BATTERY MANAGEMENT IN AUTOMOTIVE APPLICATIONS

Generalized Battery State Estimator and Automotive CONteXt...............cocooiiiiiiiiiiiiniiieeeeee e 321
Mark Verbrugge

Development and Validation of BIMS fOr XEVS........coociiiiiiiiiiiii ettt ettt et 331
Carlton Brown

Battery Management in Automotive APPLCAtIONS..............ccoooiiiiiiiiiiiie e e 342
Peter Birke

“POSTER +8” PRESENTATIONS

HIL (Hardware-in-Loop) Development and Validation of Lithium-ion Automotive Battery Packs.......................... 358
Soduk Lee

Ultra-Thin Sensors and Multiphysics Models for New Insights into Li-Ion Battery Operation..................c..cccc..... 364
Aaron Knobloch

SENSOR: Smart Embedded Network of Sensors with Optical Readout ................cc.coocoeiiiiiiiniininiceee 368
Ajay Raghavan

Optimal Experimental Design Framework for Battery Aging Studies ...................ccoooiiniininiininee 374

Joel Forman

ECCAP SYMPOSIUM

SESSION 1: LARGE EC CAPACITOR TECHNOLOGY AND APPLICATIONS

The Next Generation Supercapacitors in Synergy with Li-Ion Technology ..............cccccoooiniiiiiniiniiniininiencnieeene 384
Katsuhiko Naoi

Development of a High-Voltage Capacitor Prototype in Environment Friendly Salt Aqueous

ELECEIOLYTE ...ttt ettt b e et e s h e et e s b et et e eeat e e bt e s et e e bt e eab e e bt e e nb e e eht e et e e bae et e enateenbeenare s 403
Frangois Béguin

Redox Active Electrolyte for SUpercapacitors..............ccocooiiiiiiiiiiiee ettt st 419
El?bieta Fr?ckowiak

Design of Advanced Electrolytes for High-Voltage Electrochemical Double-Layer Capacitors...............cccccceeenneee 440
Andrea Balducci

Novel Experimental Probes of Supercapacitor Performance...............c...cocooiiiiiiiiiiiiiiiiniineecee e 456
David J. Wesolowski

Synthesis of Vertically Oriented Graphene Nanosheet Electrical Double-Layer Capacitors...............ccccccocceeviennnn. 468
Ronald Outlaw

SESSION 2: NEW EC CAPACITOR PRODUCTS AND BUSINESS DEVELOPMENT

On the Perspectives of Supercapacitor TeChnology ...............coccioiiiiiiiiiiiiii e 480
Yurii Maletin

Supercapacitors Start/Stop MuniciPal BUSES ............c.oooiiiiiiiiiiiee ettt st e s nteeneeesne e 492
Roberto Cubells

Groundbreaker Applications of Ultracapacitors in Transportation ..............c..coccocoiiiiiiniininineeceeecene 504
Chad McDonald

Low-Resistance EC CaPaCILOLsS .............coouiiiiiiiiiiiiieiet ettt ettt ettt st et bt e tesbt et e sbeentesbeenbeeneenaesreens 518
Kai Vuorilehto

Ultracapacitors; Types, Expectations, and Path Forward .................ccoccoiiiiiiiiiee e 527
Chad Hall

New Developments and Applications for the DLCAP™ Electrochemical Capacitor-.................ococcooovvviveveeeeennn. 535
Toshihiko Furukawa

“POSTER +8” PRESENTATIONS

Fabricating and Testing 100 F Electrochemical Capacitors: Case Electrochemical Capacitor
Fabrication Facility (CECEFF)..........ccoo ottt s ettt et e et e s te st e e saeeenseesseeenseesnseeseesneenn 546
Robert Savinell



Testing Low-Energy, High-Power Energy Storage Alternatives in a Full-Hybrid Vehicle................................c.... 551

Ahmad Pesaran

Form Factored Supercapacitors for Enhancing Battery Life and for Battery—Free Applications ............................ 563
Sagar Venkateswaran

SESSION 3: EC CAPACITOR STORAGE SYSTEM APPLICATION

Grid Scale Energy Storage and UIracapacitors .............c.oooiiiiiiiiiiiiiiie ettt et see s e esnae e e s 570
Mark Verbrugge

Ultracapacitor Module Designs and Uses for Light Rail.................co.coooiiiiieeeee 584
Chad Hall

Dynamic Performance Improvement and Peak Power Limiting Using High Power Ultracapacitor

System for Hydraulic Mining SROVEIS.............cccoiiiiiiiiiiiiee ettt sttt sttt e b s 593
Omar Abdel-bagi

Ultracapacitor Experience in a Commercial Vehicle Hybrid .................coccooiiiiieceeeee 606
Lawrence Zepp

The Application of Nickel Carbon Capacitors For the Starting of Internal Combustion Engines............................. 615
James O. Burke

Fully Integrated DLC Storage Unit for Mobile MacChinery .............ccccoooiiiiiiniiiiniiicceeee e 628
Oliver Fenker

POSTERS

HIGH-ENERGY LI-ION CATHODES AND ANODES

High-Capacity Silicon-based Anodes for Li-ion Batteries: Challenges and Solution Approaches ............................ 637
Sascha Dobrowolny

High-Capacity SIG™ Silicon-Graphene Anode for Li-Ion Batteries. ................coo.coo.vvovviveeeereeseeseeeeesesseseereennne 643
Rob Privette

Low Resistance Graphite Anode Materials for HEV, PHEV, EV and Electric Power System..............c..ccccceceeennen. 648

Akio Sakamoto
Innovative Design of Inorganic Filler Coated Separator (IFCS) for Lithium Ion Batteries (LIBs) in

AUtOMOtIVEe APPLICALIONS ........ooiiiiiiiiiiiiie ettt et e et e e et e et e e ens e e st e enteennseanseesseeeseeenseenneenneenn 654
Susumu Honda
The Effect of Structure Disordering on Cycle Performance of SV-Spinel...............ccccooiiiiiiiiiniiieeeee 660

Hiroyasu Watanabe

ELECTROLYTES FOR NON-AQUEOUS BATTERIES

Twaron®-Based Paper: A Unique Separator for Electrochemical Cells .................coccooiiiiiiiiiiniiieeeeeee e 666
Fresia Alvarado Chacon
Failure Analysis Testing of a Cycle Aged Automotive Li-ion Battery Electrolyte .............c..cccccocevininiininninnncnenns 672

Paul Voelker

CELL AND PACK ENGINEERING

The Change of Thermal Conductivity of Lithium-Ion Pouch Cell with Operating Point and What this
Means for Battery Thermal Management ..............c..cooiiiiiiiiiiiiniiiiceeneet ettt ettt st sbee b sanesteene 678
Arno Arzberger

SAFETY AND DURABILITY VALIDATION: TESTING AND MODELING

The Study of Capacity Fade Arising from Mn Deposition on Graphite Negative Electrodes in
Lithium-Tom Batteries..........c.cooiiiiiiiiiiiiiie ettt ettt et e b et bt et e eh e e be s bt et e ebeenbesbeenbeebeennesbeans 684
Sanketh Gowda



NEW EC CAPACITOR PRODUCTS AND BUSINESS DEVELOPMENT

Fastcap Systems - Ultra High Energy and Power EDLCS.............ccccoooiiiiiiiiiiiiiieteeee ettt 686
Nicolo Brambilla
Supercapacitors in Micro-hybrid Vehicles ... 692

Pierre Mars

BATTERY MANUFACTURING

Efficient Lithium Ion Battery Electrode Slurry Production By the Thin Film Mixing Technology

FEIIEX ™t es s 698
Adrian Spillmann
Argonne's Advanced Battery Materials Synthesis and Manufacturing R&D Program.................c.cocoveninnnninen. 705

Gregory K. Krumdick

OTHER TOPICS

Driving Down Costs through Integrated Automation SYStemS.............cccooiiriiiiiiiiiiiiiiieeee e 711
James Jackson

Modular Multilevel Battery Packaging for a Universal and Flexible EV Charging System ...............ccccocceoininninen. 723
Martel Tsirinomeny

High Power LTO/LMO/Li-ImideTM Batteries: A High Energy Alternative to Supercapacitors............c...c..ccccco.c... 727
Bob Gabel

Author Index





