Education

Presentations at the 2010 AIChE Annual Meeting

Salt Lake City, Utah, USA
7-12 November 2010

ISBN: 978-1-61782-150-9



Printed from e-media with permission by:

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

proceedings

.com

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

Copyright© (2010) by AIChE
All rights reserved.

Printed by Curran Associates, Inc. (2011)

For permission requests, please contact AIChE
at the address below.

AIChE
3 Park Avenue
New York, NY 10016-5991

Phone: (203) 702-7660
Fax:  (203) 775-5177

www.aiche.org

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

Surface Functionalization of Nanomaterials to Elicit ""Smart" Properties...........ccocviviciiiieiivineieceee e 1
Allan E. David, Victor C. Yang
Chemical Looping Strategy and Its Commercial Potential for Carbon Negative Energy Conversions............c.ccce.e.... 3

Fanxing Li, L. - S. Fan
Fabrication and Evaluation of Omniphobic Surfaces for Liquid Repellency and Reduced Ice

A | T=1 o] o ISR 4
Adam J. Meuler

Atmospheric Organic Particulate Matter: Measurements, Models and Mitigation ...........c..ccocoveveiiiieiie s 6
Lea Hildebrandt

One- and Two-Probe Nonlinear Microrheology: Normal Stress Differences, Osmotic Pressure, and

Nonequilibrium Depletion FIOCCUTALION ..........c.oiiiiiiiiee e e ettt b e b et et ebe b 9

Roseanna N. Zia
Regulation of Stem Cell Behavior by Biomimetic Microenvironment Created with Polymer

[N EETaToT=T o o1 <=1 T oo OO SPRR 10
Yong Yang

Biosynthesis of Fungal ReSOrCYlic ACIO LACTONES ........ocveviieiiieitiiiiieeeit ettt ettt st te st et st sa e neeresbe e s 12
Hui Zhou, Yi Tang

Rational Design of the Heterogeneous Catalysts and Their Opportunities in Renewable Fuels.............ccccocoeiiinnn 13
Wengin Shen, Gerald Huffman, Goeff A. Tompsett, W. Curtis Conner Jr., George W. Huber

Process and Catalysis Development for Sustainable Fuels Production ..o 15
Andrew A. Peterson, Jefferson W. Tester, Jens K. Ngrskov

Statistical Process Inference, Control and ENgineering (SPICE) .......ccociiiiiiiii i 16
Kris Villez

Synthetic Biomaterials for Enhancing the Delivery and Effectiveness of DNA-Based Therapeutics ..........ccccocvevvrnaee. 18

Christopher M. Jewell
A Full-Chain Stochastic Tube Model for Entangled Polymeric Liquids: Improvement for Extended

F AN o] o] [To2= A To] S JO ST OSSOSO USROS VPO SPPPR 21
Joontaek Park, David W. Mead, Morton M. Denn

Rational, Model-Guided Design and Experimental Evaluation of Targeted Drug Delivery Vehicles.............c.c......... 22
Derek W. Bartlett

De-Oxygenation Catalysis On Titania for Renewable Fuel AppliCations ..o 24
Prashant Reuben Daggolu

Engineering the Yeast Saccharomyces Cerevisiae for Drug Discovery and Bioenergy Applications............c.ccceevnee. 26
Michelle A. O'Malley, Anne Skaja Robinson, Chris A. Kaiser

Machine Learning: Extracting Research Pathways From Nanoscale Phenomena...........ccocoeiiiiiiiiinc e 28

Andres F. Hernandez Moreno
Targeted Nanoparticles for Systemic Delivery of Therapeutic Agents to Solid Tumors in Animals and

LI 18T = g OO URRR 29
Chung Hang J. Choi, Mark E. Davis

A Property Based Approach for Simultaneous Process and Molecular DeSign ..........ccoevriirineiiniinse e 31
Nishanth Chemmangattuvalappil, Mario Richard Eden

Design of Novel Artificial Allosteric Proteins and Their APPlCatioNS........cccoveveiiiiciiiii e 34
Jingjing Li, David W. Wood

Analysis and Control of Self-Assembling NUCIEIC ACIA SYSTEMS.......cciiiiiiiiiiiieie e 35
Victor A. Beck

Synthesis of Multifunctional Nanoparticles for Cancer Imaging, Diagnostics and Therapy .........ccccoovoeieneiiinienncne 36
Yun Wu, L.James Lee

Multiscale Chemical Product Design Using the Reverse Problem Formulation .............c.ccocoeiiieiiiiiiienenenee 37

Charles C. Solvason, Mario Richard Eden
Microfluidic Three-Dimensional in Vitro System Enabling An Information-Rich Assay to Investigate

2] L A O T [or= gl o T €1 (o] o FO OSSO U PO PUPORP 41
Kyung Eun Sung, Ning Yang, Carolyn Pehlke, Patricia J. Keely, Kevin W. Eliceiri, Andreas Friedl, David J. Beebe

Development of a FRET-Based Tension Sensor for Measuring Forces Across Proteins in Living Cells ..................... 42
Brenton D. Hoffman

Exploiting Immune Function and Response for Biopharmaceutical ENgGINEEring .........cccccoceieieieiiniiniieie e 43

Sai T. Reddy



A Fresh Look at Nanomaterials, Energy, and the ENVIFONMENT ............cooiiiiiiiie e 45
Ludovico Cademartiri

Computational Methods and Research in Chemical ENQINEEIING .........ccooiiiiiiniieieiscee st 46
Eric L. Maase

Cybernetic Modeling for Metabolic Engineering and Reactor Optimization............cccccovvieiiiineiiiiciese e 47
Hyun-Seob Song

Molecular Mobility in Non-Linear Optical Glassy ChromOphores...........cocoiiiiiiiiiiiee e 50
Daniel B. Knorr Jr.

Multiscale Simulation to Advance Micellar Drug DEIIVEIY ..o 51

Sharon M. Loverde
Methods for Assessing Biocompatibility and the Foreign Body Response of Polymers and Drug

(D TN T YAV ] (=] o OO TTSPRRR 52
Kaitlin M. Bratlie

Environmental Perspectives On the Interactions of Nanomaterials and Microorganisms............cccccvevvvieievenereenenenn, 53
Teresa L. Kirschling

Molecular Motions of the Beta Relaxation and Glassy Biomolecular Preservation...........ccccoeoeininicnencneneiescnes 54

David S. Simmons, Marcus T. Cicerone, Jack F. Douglas

Development of Hydrogel-Based Kinase Assay for Monitoring Cancer and Developing Patient-
ST LCTod ) o =T L0 T=T o OSSPSR 55
Gargi Ghosh

Nano-Biomaterials: Sensors, Fuel Cells and Robust Hybrid Composites Using Room-Temperature

CVD e 56
Gautam Gupta

Engineering Materials for Biomedical and Automotive APPlICALIONS..........cccoriiiiiiiiieii e 57
Holly J. Martin

Molecular Modeling of BiologiCal INTEITACES..........oii ittt sbe e 59

Mark J. Uline
Silicon-Carbon Anode with Improved Structural Integrity for Lithium-lon Batteries and Sulfur

Cathode Encapsulated in Hollow Carbon Nanostructures for Lithium-Sulfur Batteries ...........cccoevvvviiiiiinieiinicinins 60
Juchen Guo, Chunsheng Wang

Coarse-Grained Modeling of Polymers for Energy APPHCAtiONS..........cooiiiririiiieiiiie e 61
Lisa M. Hall

Predictive Kinetics for Chemical ENGINEEIING .......c.oiiiiiiieiieie ettt ettt st b e be st b e e e e eneebeebe e s 62
Richard H. West

Phase Behavior of Polymer/Nanoparticle Blends near @ SUDSTFate..........ccoviiiiieiiieiccce e 63

Venkat Padmanabhan, Michael E. Mackay, Amalie L. Frischknecht, Sanat Kumar
Sustainable Materials: From Energy Storage to Biomaterials and New Opportunities in Chemical

ENQINEEIING RESEANCH. .. ..uiitiiiicice ettt ettt s e te e be b et e b et ess e s e e be et e s besbe b enseseebaebeebesbe e et eseenenrees 64
Santanu Kundu

Systematic Design, Implementation and Evaluation of Vitrification as a Preservation Method for An

ENCAPSUIATEA CIL SYSTEIM ...ttt bbbt bbb e s b e bt bt sb e e b e e b e bt bt et e e bt eb e b et et ene et e 67
Alison Lawson, Athanassios Sambanis

Nanocomposite Sorbents for High Efficiency CO2 CaplUIe...........ooeiiieiiiie et 69
Genggeng Qi

Soft and Biological Material Odes: Optics, Dynamics, Elasticity-Extensibility, and Self-Assembly ..............cccoceenee. 70
Vivek Sharma

Fundamentals of Gene Delivery From Tissue Engineering Scaffolds ............ccocviiiiiiiiiiiiiiie e 73
Misael O. Aviles

Systems ENgineering for SUSTAINADTIITY ..........coooiiiii bbbt be e sne 74
Arun Giridhar

Membrane and Catalyst Degradation in Polymer Electrolyte Fuel Cells............coooiiiiiiiiiii e 75
Panagiotis Trogadas

Rational Design of Advanced Organic MaterialS............cooiiiiiiiiiineicee et sbe e 77

Richard A. Lawson, Clifford L. Henderson
Tailoring Structure, Thermodynamics, and Rheology in Surfactant-Colloid Mixtures for Soft

LY =T g T U BT o o DO OO SO TSRO PO TOTROPPORP 79
Matthew E. Helgeson, Eric W. Kaler, Norman J. Wagner, Patrick S. Doyle

Solid Polymer Electrolytes Derived From lonic Liquids: From Synthesis to Applications...........cccocvoiiieneiiiniencns 81
Yuesheng Ye

First Principles Study of the Photodynamics of Oxidized SilicOn CIUSTEIS........c.occiiriiiiiiiiseesees e 82

Benjamin G. Levine



Convective Assembly of Nanoparticles Into Thin Structured FIlMS ... 83
J. Alex Lee, Michael Tsapatsis

Biorheology with Applications - Adhesive Wall Climbing, Bacterial Motility, and Predatory Defense.............c.cc...... 84
Randy H. Ewoldt

Cancer Metastasis: Deconstructing Cell Motility On Micropatterned Islands and Tracks ..........cccocvevvviienieniiiieinnnnas 85
Goher Mahmud

Studying Cancer as @ MEtaDOIIC DISBASE. .........cuiiiiriiieiieieie ettt b bbbt b e bt bt e b et et e b e ebesbe st nne 86
Christian M. Metallo

High-Throughput Microrheology of Therapeutic Hydrogelators ... 87
Kelly M. Schultz, Eric M. Furst

Novel Material Design through Multiscale Numerical and Analytic Approaches ...........ccocoovieiniineiiseeseescee 88
Erin Lennon

Biointerfacial Science and Engineering: From the Fundamental to the Applied...........ccccoviiiiieiicicicise e 89

Roger L. York

Computational Molecular Science: Designing Improved Materials for Applications in Energy,

Pharmaceutics and DESAIINALION .........c.ciiiiiiiii ettt b bbbt e e bt bttt s b b e e et ene e 90
Amish J. Patel

Use DNA to Probe the Molecular Deformation at Micro/Nanoscale and Design Novel Nanochip

Devices for Drug/Gene Delivery and BIOSENSING ..........ooueuiiaiiieiuerienieieieeesie st stesee st sreste e stesseseesessessessesseseesessessessessenes 91
Pouyan E. Boukany

Combining Molecular Level Insights with Advanced Synthesis Strategies to Design (Photo)Catalytic

Materials: Efficient Chemical Processing Utilizing Thermal and Solar Stimuli............ccocociiiinciiiiiiiieces 93
Phillip Christopher, Suljo Linic

From Materials to Peptide Design: a Short Trip through Computational Techniques...........cccoceeiininincnencii 94
Diego A. Pantano

Quantitative Engineering Approach to Particle and Particulate System DeSign .........ccccoeieiireiiiiniiene e 95
Defne Kayrak-Talay, James D. Litster

Bio-Inspired, Smart and Functional Systems through Reaction-Diffusion-Convection Processes ...........cccocveivriennas 96

Siowling Soh, Bartosz Grzybowski
Binary Combinations of Lipid-Like Materials Act Synergistically to Improve siRNA Delivery in Vitro

AN TN VIVO o e b bR R R R R R R 97
Kathryn A. Whitehead, George Z. Li, Kevin Love, Robert Langer, Daniel G. Anderson
Exploring Interfacial Phenomena in Organic Photovoltaic Devices Using Block Copolymers.........cc.ccooevvieicincnnnn 99

Bryan W. Boudouris, Rachel A. Segalman
Rational Design of Photo-(Electro-)Catalysts: A Combined Theoretical/Experimental Route to Solar

FEUBIS ...ttt bt b et h Rt E e Re bAoAt Rt e Rt R e R e Re A oAb e Rt e Re e R e e ReeRe R et et e Rt e ReeReebeneete e eneerearennen 100
David B. Ingram, Suljo Linic

Assembly, Manipulation, and Controlled Release of Complex Nanocolloids by Dielectrophoresis...........c.ccoceevevanine 101
Victoria Froude

Interfacial Forces in Nanoparticle and Biological Systems at the Micro- and Nano-Scales............cccccoovieniiciencnnnn 102

Kai Kristiansen

Multicompartmental Microstructures Via Electrohydrodynamic Co-Jetting for Biomedical
F AN o] o] L To%=1 A To] o S JOU OO URSRPRN 104
Srijanani Bhaskar, Joerg Lahann

Spatiotemporal Signaling During Cell Adhesion and Migration: Computational Models and

EXPEIIMENTAL ANGIYSIS. .. viviiieicieetictiieet ettt sttt ettt e b e et s e e st e be et e e be st et e s ese et e e be e b e b et e e es s ereebeebesbesbessensetearennin 105
Erik S. Welf

Computational High-Throughput Screening of Sorbents for Regenerable CO2 Capture at High

TRIMPEIATUIE ...ttt bbbttt b e e bt bt e E b e oAbt AR e e e e e R e oAbt e bt e e e e R e oAbt eh b e R e e b e e bt e hb e bt a b e e b e she e b e nbeen 107
Ujjal Das, William H. Green

Engineering Proteins and Peptides for the Investigation and Treatment of Infectious Disease...........cccccecereevrienenne. 108

Amy J. Karlsson

Algal Derived Biofuels: A Systems Biology Approach to Increasing TAG Accumulation in C.

REINMNANALI ... bbbt b bbbt et b bttt 109
Nanette R. Boyle, John A. Morgan, Sabeeha S. Merchant

Molecular Understanding and Design of Zwitterionic Biomaterials for Lubrication, Cartilage Tissue

Repair and Drug Delivery APPIICATIONS..........ccuiiiieieeiie ettt bbbttt b e bt e et eb st bennan 111
Yi He, Shaoyi Jiang

Synthetic Extracellular Matrix (ECM) Hydrogels and Localized Gene Delivery for Stem Cells and

IS Ll o ] aT=T = L o] TSSOSO 112
Yuguo Lei



Molecular Simulation Investigation Into Nucleation and Growth of Complex Structures ............ccccocveneiiieiencne. 114
Sapna Sarupria

Probing Equilibrium Phase Behavior of Asymmetric Block Copolymer Thin Films ..o, 115
Vindhya Mishra, Glenn H. Fredrickson, Edward J. Kramer
Controlled Release Films and Functional Surfaces for Applications in MediCing ..........cccccovevevieieiiise s 116

Anita Shukla, Paula Hammond

Utilization and Modification of Municipal Sewage Treatment Plant Sludge and Wastewater Streams
for the Production of Lipid-Based BIOTUEIS ...........co.ooiiiiiiiiiciee et 117
Andro Mondala

Viral Peptide Isolated From the Hepatitis C Virus (HCV): Interactions with Lipid Assemblies and

2] Ty t=Tol g aTo] [oTo Tor= LAY o] o] 1 ToF: L1 [o] o - SOOI 118
Nam-Joon Cho
Carbon Nanotubes as Optical Sensors and Polymeric BiomaterialS............ccoccvrieieiiiiiiieie e 121

Daniel A. Heller
Engineering in the Microvasculature: The Mechanical Microenvironment's Control of Systemic

1Y [=1 7= Lo 1] 1151 HO OO OSSO PO SO UR PP PTOPTOPSRPRTPR 122
Joseph M. Rutkowski

Polymers for Advanced ENergy TECHNOIOGIES ... ....ccueiuiieiiieiirieie ettt sb et e e e eae st saenean 125
Daniel T. Hallinan Jr.

Mercury Reaction Chemistry in Combustion Flue Gases From Experiments and Theory...........ccccoecerviinciniennns 126
Bihter Padak

Engineering Nanostructured Materials for Green ENEIQY ......ccccooviiiiiieiiiie et 129
Sunho Choi

Design of Delivery Systems for Nanomedicine through Self-Assembly ..., 130
Hitesh G. Bagaria

Ultrafast Dynamics of ComplexX FIUIA INTEITACES. ........oo i e 131
Valeria Garbin

Metabolic Engineering for the Production of Biofuels and Chemicals ..o 132
Patrick Suthers

Biologic Conversion of Waste Streams to Renewable FUEI SOUICES .........c.ccviiiirieiiiiciiiie e 133
Sage R. Hiibel

Ventures in Biofabrication: From Biological Nanofactories to Miniaturized Tools for Medicine..........c.cccccovenenene 134

Rohan Fernandes
Photodegradation and Recovery of Pollutants in Aqueous Systems Using Magnetic Nanoparticles

Coated With PhotoCatalySt IMATEITALS .........cviiiiieie ettt n et st sbe st e eeneene e 135
Adriana P. Herrera

High Throughput Polymer-Array Technology for Stem Cell ENGINEEIING.......ccvivriiiriiiiiiiee st 136
Ying Mei

Developing the Next Generation of Tools for the Study of Nucleation and Metastability in Liquids.............c.ccoc...... 137
Claudiu A. Stan

Nano Materials for Energy Storage APPHCALIONS ..ot b et 138

Surya Sekhar Moganty

Understanding Transport Processes in Electrokinetics through Applied Mathematics: Challenges and

(@] o1 (111 1TSS 139
Jennifer Pascal, Pedro Arce

Closing the Carbon Cycle for Sustainable Energy and Environment:CO2 Capture Using Nanoparticle

lonic Materials (NIMs) and Methane Recovery in Clathrate Hydrates with Integrated Carbon

R (0] = T [T TP PO TP U U PR R PP PR PPN 141
Youngjune Park, Ah-Hyung Alissa Park

Nanocatalysis for Aqueous Processing of Biomass Derived FEEASTOCKS...........cciriiiriiiiiiiiie e 143
Xiaoming Wang

Sorption and Oxidation of Mercury in Flue Coal-Fired POWer PIants ............ccoviiiiiiiiiiiccee e 144
Erdem Sasmaz

Reprogramming Human Somatic Cells to Pluripotency for Disease Modeling and Therapy.........cccoccoveverevieennnnn, 146

Krishanu Saha
Novel Polymeric Materials for Bioanalytical Separations and Microfluidic Systems for in Situ

Detection of Organic Biomarkers of Extant or EXtinct Life ON IMarS ..o 147
Thomas N. Chiesl, Annelise E. Barron, Richard A. Mathies

DNA Separation Using Nanoscale Organic Hybrid MaterialsS.............oooiiiiiiiiiiiiie e 149
Henry W. Lau, Lynden A. Archer

Nanoengineered Materials for Sensing and ENergy CONVEISION .......c.cveiiiiirineiieieesese e e st sessesressesees 150

Carlos Hangarter



Design of Respiratory Nanoparticle Delivery Vehicle and Evaluation of Cellular TOXICity..........cccooroiiineiiiniencne. 151
Timothy Brenza

Atom-by-Atom Metrology of Materials for Microelectronics, Energy and Biology...........cccocoevieiniiniienneiicenans 152
Domingo Ferrer, Sanjay K. Banerjee

Networked and Distributed Predictive Control: Enabling Smart Manufacturing and Smart

RENEWADIE ENEIQY GENEIALION ......ocviiiiiieieiiete ettt sttt e et et et et et e e e st et e e beebe st et e e esseteebeebesbesbe s enseneanentas 153
Jinfeng Liu, Panagiotis Christofides

Surface and Interface 0f SOft MATEFTAIS ..........coiiiiiii et 154
Wei Zhang

Zeolite Films and Membranes for Computer Microprocessors and Biofuel Production.............c.ccocooiiiiiiiiiiienne 155

Christopher M. Lew, Yushan Yan, Michael Tsapatsis
Remembering Kinetics: Studying the Dynamic Protein Activations and Protein Regulations That

Form the Molecular Basis of Learning and IMEMOTY .........c.ccviiiiiiirieiiiieeie ettt e s esbe et esastesbesnen 157
Tamara L. Kinzer-Ursem

Biochemical Engineering of Cancer IMmuNOtherapeULiCS. ..........cooiiiiiiiiiie s 158
Susan N. Thomas

Investigating Case Il and Anomalous Penetrant Transport in Glassy POIYMErS ..o 161
Adam K. Ekenseair, Nicholas A. Peppas

Development of Novel Components for Next-Generation Microfluidic SyStems............ccocoveiniiinienicieneneeceseen 162

Minsoung Rhee
Chemical Descriptors and Quantitative Structure Activity Relationships for Catalyst and Materials

[T T ] o RSSO TSSO 164
Thomas A. Manz
Multiscale Modeling of BiomimetiC NANOSIFUCTUIES...........coiiiiiiiiieiiciert e 167

Dina T. Mirijanian
Interrelations Between Morphology and Rheological Properties of Microstructured Polymer Blends

DUFING COAISENING ...ttitiiteieieieieete et sttt et testeebesee e e s eeseetesteabeseesseseeseeseabeebeseen b e s e eseaEeebeabene e be e enseseaseabestenbeseensareanennen 168
Carlos R. Lépez-Barrén

Novel Design of Gene/Drug Delivery Systems by Virus-Polymer Hybrid..........c.cocoovoiiiiiiiiniicceceee e 169
Kye Il Joo

Bio-Inspired Energy Systems and Programmable MaterialsS. ... 171
lan Wheeldon

Zwitterionic/Mixed Charge Polymers as Next-Generation Biomaterials.............cccooiiiiiiiiiiicinieee e 172
Zhigiang Cao, Shaoyi Jiang

Novel Biomaterials for Immunotherapy APPHICATIONS..........ccooiiiiiiiecce et 173
Samantha A. Meenach

Designing Catalysts for Energy Applications Using Insights From Molecular Simulation............cc.ccccooiiiiiinnnnne. 174
Rachel B. Getman

Designing Bio-Nano Materials through Modeling and Simulation...........cccccociiiieiiiciieiee e 175
Meenakshi Dutt

Directed Catalytic Materials Design through a Combined Theoretical and Experimental Approach....................... 176
Siris Laursen

Advanced Membrane Materials for Refinery Separations by Pervaporation .............cccocoiiereiiiinienie e 177
Claudio P. Ribeiro Jr., Benny D. Freeman

Sustainable Biomass Feedstock Production for Bioenergy: Is It Possible and How Will It Happen?............cccccovee. 178
Yogendra Shastri

Advanced Dynamic Optimization and Control for Large-Scale SYStEMS ........cccociriiieiiiiiiiisesieee e 179
Rui Huang

Lasers, Electrons and Nanotubes: A Roadmap to Affordable Solar Technology..........ccccooiiiiiiiiiiiinicee 180
Christiaan Richter

Chemical Modification of Stem Cell Membranes for Targeted Delivery of Cells and Therapeutics.............cccccc...... 181
Hao Cheng, Marta Byrska, Christian J. Kastrup, Robert Langer, Daniel G. Anderson

Dynamic Relaxation Characteristics of Polymer Nanocomposites and Aromatic Polyimides ...........cccovvvenciniennns 182
Anthony C. Comer

Nanoparticle-Based Thin Films for Tribology Control in MEMS...........ccccciiiiiiiiicee e 183
Kendall M. Hurst, Christopher B. Roberts, W. Robert Ashurst

Multiscale Modeling of Biophysical and Biochemical Aspects of Viral Life CycCles........c.cccoviiiiiiiinincinieneen 184
Eric R. May

Development and Characterization of Remendable Polymer Composites Using the Diels-Alder

LT 1ot 1 o o OSSPSR 185

Amy M. Peterson



Systems and Synthetic Biology in Bacterial and HUMaN T-CellS .........cccooi i 186
Wilson W. Wong, James C. Liao, Wendell Lim

Electronic Tools for Student Engagement in Introductory ENGINEEring ........ccccoeiiriiniiiniiieincesee e 189
Joshua A. Enszer

Evaluating Zero Valent Iron Nanoparticles with Acoustic Resonance Microbalance Techniques..........c.cccccevevenaee. 191
Lauren F. Greenlee

Thermochemical Water Splitting Using 10niC Liquid SOIVENTS............ccoiiiiiiiiiiiei e 192
Nicholas AuYeung, Alex Yokochi, Victoria Johnson, Sardar Sardari

Quenched Electrostatic Assembly of Colloidal TIIMErS. ..ot 194
Joseph J. McDermott, Neetu Chaturvedi, Darrell Velegol

Modeling and Simulation of Soft Materials for Energy and Biomimetic Applications...........c.cccvvirierieiineinienns 195

Pratyush Dayal
Engineering Biomaterials for Regenerative Medicine: Elucidation of Factors That Regulate Stem Cell

AL e 196
Randolph Ashton

A Chemical Eng'g Undergratuate Educational and Outreach Program ...........coeieeiiiiinenenencse e 197
Majid Salim

Creating An Effective OULIEaCh PrOgIam.........ooi ittt sb bt e e seebe b e s 198
Edward P. Gatzke

Software for Review of Mathematical FUNAAMENTAIS...........ccccoiiiiiiiiii et 199
Edward P. Gatzke

On Brittle Fractures That Appeared in New York Times and Material DeSign .........cccocvvivieriiieieiiseseseseesee e 200
Kal Renganathan Sharma

Teaching Renewable ENergy in EI SAIVACON .........c..ooiiiiiiii et 201
Richard A. Cairncross

An Effective and Economical Photometer for Classroom Demonstrations and Laboratory USe ..........ccccceceveeinenene 202
Anthony Butterfield

Use of a Scale Model Membrane Filtration System as a Small Scale Laboratory Demonstration...............c.cccvvvenn. 207
Jamie Hestekin, Thomas M. Potts

PVC and Tygon Tubing — An Unlikely Introduction to Fick's Second Law of Diffusion.............cccccovvneviiicnnnnne, 208
Asima Chakravorty, Kenneth J. Wynne

Desktop EXperiment: PreSSUFIZEA TANK ..ottt b ettt b ettt ebe b b e 211
Polly R. Piergiovanni

Beginning of the End for the Handheld CalCUlator? ..............ooo i 215
John Wagner, Allen Hersel, Majid Salim

NSF Broader IMpacts: K-12 OULFEACK ........coiiiiieie ettt ettt et seeseebestesbesbe e eseeseesesbesbeneen 216
Priscilla J. Hill

Chemical Product Design Course at Carnegie Mellon UNIVEISITY ..........ccocviiiiiieiiiiieieiie e e 217

Nick Sahinidis, Apurva Samudra
A Product Design Capstone Course in the Chemical Engineering Undergraduate Curriculum at

10 A ST =1 (o OSSR 218
Paschalis Alexandridis

Using Process Simulation for Technology Transfer and Process Facility Fit...........cccoooiiiiiiiiiiinee e, 223
Charles Siletti, Demetri Petrides

Technology Transfer in Outsourcing Manufacturing of Specialty POIYMErS.........cccoocviiiiieiicc e 224
Zhaoyang Ou, Zhen Lai, Chieh-Min Cheng

Technology Transfer of Pharmaceutical Freeze-Dried Sterile Liquid Manufacturing - A Case Study ...........c..c...... 225

John F. Peragine

Introducing Undergraduates to Pharmaceutical Technology through Problem Sets for a Material and
ENEIGY BAIANCE COUISE ...ttt ettt ettt sttt ettt b et e e st e st e b e e b e e be s e e b e e e Rt e b2 e beebeee e b e e en e e b e ebeebesbeabeseensereanennas 226
Stephanie Farrell, Mariano J. Savelski, C.Stewart Slater, Vladimir DeDelva, Keith Mclver, Kathryn Whitaker

The "'Single Pellet Reactor™: A ""Cool"* Multiscale Problem, or a Useful Chemical Engineering POK

for Learning 0f IMAss THANSTEI? ... .ottt sttt ettt e st et et et e e e st e besbesbestebe e eneaneanea 227
Jennifer Anne Pascal, Seth Wynne, Vinten Diwakar, Pedro Arce

Teaching Chemical Engineering to Non-Chemical ENGINEEIS ........c.ccviiiiiiiiiieieieecn ettt ane 228
Jack Hipple

Screencasts in Chemical ENQGINEEIING COUISES ... ..ottt ettt sttt b bbbttt sb bbbt e beabe b e e 231
John L. Falconer, J. Will Medlin, Janet deGrazia, Garret Nicodemus

The Faculty Perspective On Student Interaction with a Department CUltUre ..............coooiiiiiiiii e 232
Lisa G. Bullard, Donald P. Visco, David L. Silverstein, Jason M. Keith

The Graduate StUAENT @S LEAUEK ....c..cviieiieici ettt sttt s e s e e besbe et et et e e e seebeebesbeseebeseaneeseanen 233

Edward P. Gatzke, Jed Lyons



NSF CBET Overview and Other NSF PrOgIamS . ........coc oot stesieseeeeeasestesteseeseeseesessessesaessessassssesssssessesees 234
John McGrath

Highlights of CBET Cluster On Biomedical Engineering and Engineering Healthcare.............ccccooiiiiiicinienns 235
Theresa A. Good

Highlights of CBET Cluster On Chemical, Biochemical & Biotechnology Systems ...........cccccoveiiiiiiiiivincsiciceseen 236
George Antos

Highlights of CBET Cluster On Transport and Thermal Fluids Phenomena...........c.ccocoiriiiiiiienneneiceesenee 237
Henning Winter

Highlights of CBET Cluster On Environmental Engineering & Sustainability .............cccooiiiiiinie, 238
Gregory Rorrer

Interactive Question and Answer Session With NSF Program DireCtors..........cccoevrieriiiineincenseesecsre s 239
Robert M. Wellek

Evolution of Teaching Transport Phenomena Courses in Chemical Engineering Curricula ...........ccccooevevievienennnne, 240

Benito Serrano, Luis Enrique Garcia Garcia, Jonathan Edwin Rodriguez Ibarra, Jesus Moreira
Mass Conservation Principles: Macro. Vs. Micro. A Powerful Learning Road Map in the Scaling of

TFANSPONT PREINMOMIENA. ...ttt b bt bt h bt b e bt b e b e e e st e bt e b e e bt e bt b e e e mb e b e e bt ekt e b e ebenb et e e enenbeane 245
Jennifer Pascal, Parvin Golbayani, Pedro Arce
[ T YT g To ST oF= U= L o] SO 247

Kamalesh K. Sirkar

The Accumulation TERM: PERSPECTIVES IN Teaching and Learning Unsteady-STATE Material

AN ENERGY BAIANCES. .....cueitiiiieiieiettie etttk ekt b et b bkt b et b bt n bbbk ekt b et e ettt 248
Lale Yurttas, Whitney Schaper

Lessons and Discoveries From Teaching (nearly all) the Core Chemical Engineering Courses Over a

I T T Ul =T g To o [OOSR ST RSOOSR TTSOUPURPRTON 258
Eric L. Maase

Emphasizing the Biological Side: Graduate Certificates and Secondary Majors ..........ccoccoereieieieniienene e 259
John R. Schlup

Re-Envisioning Particle Technology: Filling the Void(age) in the Chemical Engineering Curriculum ...........c......... 260
Daniel Lepek

Proposal WIIING TULOFIAL........cooiiiiiieieeece ettt sttt st e e b et e b et et e st e beebe et e s tesbe e et eneanennas 261
John R. Regalbuto, Gregory Rorrer

INTEractive BreakOUL PANEIS..........coiiiiiiiieee bbbt bbb bbbttt b e bbb e et e 262
Robert M. Wellek

Program Preparation Prior t0 AN ABET ViSIT ..ottt sbesaeneas 263
Gary K. Patterson

Evaluator Preparation Prior t0 AN ABET ViSIT.. ..ottt sttt ste b neen 264
Edward Rosen

A Typical ABET ViSIt SCREAUIE. .......c.oiiiiiiieieieee ettt et et s b et e e e st e teebesbesae st e seensesaaneas 265
Jeffrey J. Siirola

POSt ABET-VISIT INTEFACTIONS ........itiitiitiieiieiee ettt b etk b bbbt e bt bt bt st e b e et e b e b e 266
Gary K. Patterson

ABET ACCIEAITATION ISSUBS ...ttt ettt sttt ettt be st et e e es e e st e beebesa e be e e meeEeebeebeee et e e emeebeabesbeseeebesneneareanea 267
Edward Rosen

ABET EVaAlUATOr EXPECTATIONS. ... cuiiiiiiiitiiieiteieiees ettt ettt te st st e b et e seebeebeebe st e sbe e eneeseebesbestenbeeeneareaneas 268
Gary K. Patterson

ABET ACCIeditation RESOUICES ...ttt b ekttt b bbbt 269
Jeffrey J. Siirola

Why University-INndustry Partnerships IMALEET ............cooiiiiiiii et 270
Anthony M. Boccanfuso

IP Challenges in University-Industry Collaborations......... ..o 271
Ken Horton

Managing Multilateral Technology Collaborations at the Institute for Collaborative Biotechnologies..................... 272

David H. Gay
Opening Stem Cell Research and Development: A Policy Proposal for the Management of Data,

Intellectual Property, and ETNICS...........cciiiiiiiiicc ettt a et be st e sa b e e ensere e 273
Krishanu Saha, David E. Winickoff, Gregory D. Graff
Introducing Risk ANalysis iN @ DESIGN T COUISE.......cuiiiiiieiiiiiti ettt bbbttt sb bbbt be e sne e e 278

Dimitrios V. Papavassiliou, Margaret Freeman, Georgia Kosmopoulou
Incorporating the Concept of Financial Risk Into Instruction in Economic and Profitability Analysis

for Chemical ENGINEEIING DESIGN ....c..oviieiieiei ettt st e st e e e b e e b e e besbeebe st et e s e eseebeebesbestebeseeneeseanens 279
Michael J. Solomon



A Different APproach t0 FIUIA DYNAMICS.........couiiiiiiiiieiei ettt ettt st e e aesbesbesee e eseeseaneseesaen 280
Erin Jablonski

Teaching Thermodynamics: Designing a Course That Compensate, Support and Challenge Students'

=T T oo To OSSR P TR RSRRTRT 281
Daniel Forciniti, Dan Cernusca

Steal This Course: Chemical Engineering ThermodyNamliCS..........ccouiiiiiiiiiiiineiieieie et 286
Margot Vigeant, Michael Prince, Katharyn Nottis

Steal This Course: Material and ENergy BalanCes...........ccoiiiiiiiiiiiiie e 287
Lisa G. Bullard, Michael D. Dickey

Chemical Plant Design: Scope, Organization and Evaluation of Semester-Long Projects...........cccceovveneneiciencnnenn 293
Kevin D. Dahm

Ethics Education for Chemical ENgineering UNAErgrads ...........ccoeoeiiieiiiieieneieece et 294
Claire F. Komives

ABET through the LOOKING GIaSS........cccciiiiiiiieieeitiiese ettt te sttt et et e teabesbeste st e e esseteebestestesbessensaraaneas 295
Daina Briedis

Feedback Control LOOP GUIAES ABET PIOCESS .....ccciuirieiiiitirieste ettt sttt sttt sbe bttt sbe bt e e ebesbesbennan 296
Polly R. Piergiovanni

Coordination, Cooperation, and Data Analysis in the ASSESSMENT PrOCESS ........couerieeiireiere e 303
Mark R. Anklam, Julia Williams

Nuts and Bolts of ABET Assessment at a Small Program with a Complementary Research Mission .............c.c....... 304
John C. Prindle, Vijay T. John

University of Maine's Chemical and Biological Engineering Program AssesSment ProCess..........ocovvevvienerververesennns 305
John J. Hwalek, Douglas Bousfield, Albert Co, Darrell Donahue, Paul Millard, M. Clayton Wheeler

Evolution of Course and Curriculum Assessment at Ohio UNIVErSItY ..o 306
Michael E. Prudich

A "'Seven Trait Writing Tool"* for Assessment of Technical WItiNg...........ccooi i 313
John R. Schlup

CSB Recommendations From the T2 Laboratories INC. INVESEIGAtION .........ccoeirviiiieiiiieceee s 314

Rachael T. Gunaratnam

The Integration of Process Safety Into a Chemical Reaction Engineering Course: The Review of the
B A [ (ol T (<] o | OO SO S OO U PP UTTTSOUPURPRTON 315
Ronald J. Willey, H. Scott Fogler, Michael B. Cutlip

A SaChE Module Designed to Bridge Process Safety’s Troubled Waters: Meeting the New Academic

Process SAfely REGUITEMIENTS .........o ittt ettt b e be e e b e e e Rt et e e beebese et e e em s e b e abeebeseeabesne s eneeneanas 316
Bruce K. Vaughen

The CHEM-E Car Competition: Furthering Undergraduate Education in Process Safety.........c.ccccovvvncinicnnnenn, 331
Tara Henriksen, Daniel Crowl

Department-Based Lal SAfEtY.........cociiiiiiiiciii ettt ettt sttt et e bttt et e renns 332
Laura P. Ford, Christi Patton Luks

Developing Process Safety Capsules for the Chemical Engineering Classroom...........ccccoccvineiiiiienicneneneineseseee 333
Delmar R. Morrison, Russell A. Ogle

Teaching Inherently Safer DESIGN CONCEPTS. ... ..oiui ittt ettt sttt e besbe st e s et e st e besbeseesbeseeneesesseaneseesaen 337
Gavin P. Towler

Conservation of Life as a Concept for Chemical Engineering EAUCAtION ............ccvvieiiiiineiiciceec e 338
James A. Klein, Richard A. Davis

Active and Cooperative Learning Strategies for Introducing Biomaterials to Undergraduates...............cccccovevveennnne 339
Jennifer Vernengo, Jennifer Kadlowec

An Interdisciplinary Minor in Hydrogen Technology at Michigan Technological University............cc.ccoooovininennne 340

Jason M. Keith, Daniel Crowl, David Caspary, Jeffrey Allen, Jeff Naber, Dennis Meng, Abhijit Mukherjee, John
Lukowski, Jay Meldrum, Barry Solomon

Use of Asynchronous Media to Facilitate ACtIVE LEAINING ......cccccoiieiiieiiiie ettt 341
Paul Blowers, Jane Hunter

Designing, Building and Operating Process Control Systems in Unit Operation Labs ............cccccoovivviivineniiicennne, 343
Eric L. Maase

Triggering Active and Cooperative Learning in a Web-Based FOrUM ... 344
Marcel A. Liauw, Rita Gashi

Developing the Complete Chemical Engineer: Creative, Innovative and Entrepreneurial...........ccccooovoeniiiiniencne. 345
Vinten Diwakar, Jennifer Pascal, Pedro Arce

Teaching NanObIOtECHNOIOGY .........ciiiiiee ettt ettt e b et et e e st e beebesbeste b e eeneaseanens 346
Agnes E. Ostafin, Donna Ziegenfuss

Computing in Chemical Engineering Education: From Mainframes to Main Street...........ccocooevvivviiienevccieeceeens 347

Duncan A. Mellichamp



POLYMATH — the Present, the New DIPPR Database Option and the Future of This Popular

CACHE Numerical Problem-SOIVING PACKAGE. ..........eoieiiieiieie ettt sttt besae e s 355
Michael B. Cutlip, Mordechai Shacham

A Student Competition to Develop a Chemical Engineering App for the Iphone ... 356
Peter T. Cummings, Clare McCabe

Energy Modules for the ChE CUITICUIUM ..ottt sb e bt seebestesbeneen 357
Jason M. Keith, Thomas F. Edgar, Gavin P. Towler, H. Scott Fogler, David T. Allen, Darlene Schuster

Modules for High SChool ENQGINEEIING COUISES. .....cc.eiviiiiieiiitirieite ettt sttt sb et e e sbe st b nean 358
David T. Allen

ChemSep, COCO and Formula Based Unit Operation TOOIS..........cooiiiiiiiiie e 359
Jasper M. Van Baten, Harry Kooijman, Ross Taylor

Best Practices by DepartmMent Chairs ..........coooiiiiiiiieices ettt ettt be e s e s nns 367
Said AbuBakr, Martin C. Hawley, Jeffrey A. Reimer, Richard B. Dickinson, Valerie L. Young, Michael A.
Matthews

ContinUOUS IMProVEMENT OF ABET ...ttt ettt b e et e et s e bt eaesb e be e en e e s e eneebesbesbesee b eseeneaneane 368
Michael Milligan

ABET UPGALE ... .ottt b bbb bbb R b8 b bbb bbbt R et Rt bbbt n e 369
Jeffrey J. Siirola

N IS O oo = RSOOSR 370
Thomas W. Peterson

Chemical Engineering Faculty AcademiC SAIAry SUNVEY ...t 371
Geoffrey Price

Incorporating the Design of Sustainable Systems Into Engineering CUrriCula...........cccooviviiiiiiienciene e 372
David T. Allen, Cynthia Folsom Murphy, David R. Shonnard, Sharon Austin, Nhan T. Nguyen

Lifelong Learning Training through Sustainability-Focused Problems Using Information Literacy...........c.cc.cc..... 378
Paul Blowers, Dan Faetz

Engineering Solutions for Sustainable COMMUNITIES. ...........cciiiiiiiieieere et 380
Kyriacos Zygourakis, Richard Johnson

Project-Based Learning for Sustainability and Life-Cycle ASSESSMENT .........ccccevveiiiieiiiiii e 381
Benjamin John Davis

Developing Sustainable Engineering Modules for the Chemical Engineering Curriculum ...........ccccocvveniininiencne. 382
Jeffrey Seay, Richard Rezek, Luke Richardson

Hydrogen and Fuel Cell Workbook for Material and Energy BalancCes............cccooiiiiiiiieneieeesc e 383
Daniel Lopez Gaxiola, Jason M. Keith

Insights Into a Successful Academic Career: An Educational Perspective...........cccoeviiiiieincense e 384
Margot Vigeant

Insights Into a Productive Academic Career: A Research PerspectiVve........c.occoviviiieiiiiiiiiie e 385
Christopher W. Jones

Presentations by NSF CBET Program IMaNAGEIS. .......cc.cuiiiiririiriiieieiiete sttt sbe sttt sbe st e e sesbesbesrennas 386
CBET National Science Foundation

Break-out Session With NSF Program IMaNAGETS. ........oo.e ittt sttt se e seesestesbestesee e eseenessesaennen 387
CBET National Science Foundation

Group Mini Design Projects for Freshman INtro to ENQGINEEriNg.........ccvoiviiiiieiiieiscse e e 388

Noelle K. Comolli, Randy D. Weinstein
Integrating Communication Skills and Fostering Collaboration in the Mass and Energy Balances

CoUrSe WIth TEAM ACTIVITIES ..ot et r e e r e ere s 389
Susan Daniel, Kathryn Dimiduk

Improving Communication Between Sophomores and Juniors through Chem-E-Car Project.........cc.ccoccveeeiencenne 390
Sundararan. V. Madihally, Karen A. High

Teaching the Value of Communication in the Engineering Design CYCIe ..o 391

Taryn M. Bayles

Student Assessment Results of Incorporating Multidisciplinary Industrial Design Problems in the

Chemical ENgineering CUTTICUIUM .........iiiiiiii ettt a e st e st b e s e seeseebe s be s b e s et ereeneereane 392
Jeffrey R. Seay, Jimmy L. Smart, Stephen Hutcheson, David L. Silverstein

Reality of Remote EXPERIMENTS IN Dynamics and CONTROL FROM Zacatecas Mexico IN the

Laboratory of the University of Tennessee at ChattaN00Qa..........coverveeeiriiriiie et sae 393
Jose Alberto Gonzales, Jim Henry, Benito Serrano

How We Teach Kinetics and REACTON DESIGN .......cuiieiiiieiiiiiise sttt sttt ettt sbeste st e e e e esesresbeneen 404
David L. Silverstein, Margot Vigeant, Donald R. Woods

Plantwide Dynamic Simulation in the Lehigh Design COUISE.........cccoviiiiiiiiieieiee et 405

William L. Luyben



The Process Simulation Course - the Culmination of Core Undergraduate Coursework in Chemcial

L 1oL g ToTcT T o o OSSPSR 406
Mordechai Shacham, Michael B. Cutlip

Numerical Methods and Simulation in the Minnesota ChEN CUurriculum ... 415
Jeffrey J. Derby, Satish Kumar, Prodromos Daoutidis, Kevin D. Dorfman, Alon V. McCormick

Online Simulations for the Demonstrations of Proper Experimental Design and Data Analysis..........c.ccocceevvirnenn. 416
Anthony Butterfield

Modeling and Simulation of a Two Phase Flow as An Example of Effective Research Computation for

8 GradUALE SEIMINAE CIASS ......eiteitiitetiieieieee ettt ettt et et et e st ebe e bt ebeee e beeeemses e e Rt eb e ebeebeseembeseemeabeebeabeabeabeeeneabeanen 417
Richard L. Long

Dynamic Simulation Troubleshooting and Control EXercises ONn the DCS..........ccoviviirniiieineeseesee e 418

Peyton C. Richmond, M.A.K. Rasel, Daniel H. Chen

Student Learning in Hands-On, Remote, and Virtual Laboratory Experiences: What Works (or

(0 0T=TS] o 1 SRS SSP 419
David DiBiasio, Jim Henry, William M. Clark, Marina Miletic

The Paradigm Shift From 'in Vitro' to 'in Silico” Experimentation, Offers Important New Benefits for

Lo [ ToF: U [o] o FO OSSO 422
David A. Gallagher
STEM Educational Outreach Using An Inquiry-Based Radio Broadcast............ccccoevriiiieiiniinse e 423

Peter J. Ludovice, William Hunt, Adam Wathen, Donna Llewellyn, Marion Usselman
SWEET-CREAM: Combining Teacher and Student Centered Activities to Maximize Impact On K-12

INEEIACTIONS ...ttt bbbt b bt E bbb bbbt bbbt bbbt 425
Richard Zollars

Integrating Engineering to K-12 by Training Teachers Using REU CONCEPL .........ccovviiiriniiiieieicseseeeeeeesie e 429
Sundararajan. V. Madihally, Karen High

Chemical Engineering TIGERS — Practices at AUBUIN UNIVEISITY..........ccooiiiiiiiiiieie e 430
William E. Josephson, David Mills, Christopher Roberts, Bonnie Wilson, Tiffany Ostertag

Self- Assembly and Nanotechnology: Real-Time, Hands- On, and Safe Experiments for K-12 Students.................. 431
Hitesh G. Bagaria, Michelle R. Dean, Carolyn A. Nichol, Michael S. Wong

Assessing Fundamental Conceptual Understanding with a High School Outreach Project..........cccccoovvvvvieviiciceinns 432
Taryn M. Bayles

Research Experience for Teachers in Manufacturing for Competitiveness in the United States.............ccccoeevvenenee. 433

Joseph J. Biernacki, Donald P. Visco, Mario Oyanader, Holly Stretz, Mohamed Abdelrahman
Author Index





