Process Development Division

Core Programming Topic at the 2011 AIChE Annual Meeting

Minneapolis, Minnesota, USA
16 — 21 October 2011

ISBN: 978-1-61839-733-1



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© (2011) by AIChE
All rights reserved.

Printed by Curran Associates, Inc. (2012)

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

Mechanistic Modeling of Fast Pyrolysis of Cellulose to Predict Bio-Oil Composition..........c.ccccevevierieisieiiiese e 1
Vinu Ravikrishnan, Linda J. Broadbelt

Mixed Rare Earth Oxides (REOs) for Desulfurization and Tar Removal From Gasifier Effluents.............cc.coceoeiniee 3
Rui Li, Joseph Bridges, Weishi Kong, Kerry.M. Dooley

Multi-Scale Study On the Pyrolysis of Sustainable Biomass FEEASTOCK ............ccooi it 4
Jessica D. Murillo, Joseph J. Biernacki, C. Pat Bagley

Catalytic Cracking of Oak Pyrolytic Vapors Via Bench-Scale In-Situ Fixed-Bed Catalysis.........ccccocovviivivnereneiennnne. 6

David J. Mihalcik, Akwasi A. Boateng, Charles A. Mullen, Neil Goldberg
A Dual-Stage Laminar Entrained Flow Reactor (LEFR) and Plug Flow Reactor (PFR) System for

Studying Biomass Pyrolysis and GasifiCAtiON.............eciuiiiiiiiiiiie bbb e 7
Mark W. Jarvis, Calvin Mukarakate, David Robichaud, Mark Nimlos

Reforming of Residual Tars and Oils From Biomass GasifiCation..............coiiiiiiiiiiiiiise e 8
Lyman Frost, Elango Elangovan, J. Hartvigsen

Low Temperature Gasification of Impregnated Biomass FEEAStOCK. .........c.ccviiiiiiiiiiiiiic e 9
Foster Agblevor, Ofei Mante, Allen Aradi, Tze-Chi Jao

Thoughts On Unit Ops Lab: What Was, IS, and OUQNT ............ccociiiiiiiic e 10
Matthew J. Cline, B. Erik Ydstie

Scale-up of Membranes for Separation of Hydrogen From Syngas for Carbon Capture ...........cccccooiviiiiniiiinins 11
David H. Anderson, Carl R. Evenson, John D. Faull, Darcie D. Bailey, Doug S. Jack

Integrating Membrane Separations Into the Chemical Engineering Laboratory...........ccccoeveniininieniicneneieceeniens 12
Daniel Anastasio, Jeffrey R. McCutcheon

Project Based Learning In Senior Unit Operation Laboratory At the University of Michigan..............ccccocoeiiin 13

Henry Y. Wang, Pablo LaValle, Matthew A. Robinson
Using Pilot Plants In a Capstone Unit Operations Laboratory Course to Create a Chemical

LY a1 0] 7 T (U g To bt o T=T o 1= o o OO 14
John F. Sandell, David W. Caspary, Jason M. Keith
Distributed Control System Implementation for Undergraduate Labs...........ccco i 15

Peyton C. Richmond
"l Thought PTFE Tape Was Optional*: Teaching Practical Engineering Skills As a Component of

L8] T @ 0T = o] OSSR 16
Eric P. Codner

Effective Application of Project RiSK ManagemMent...........cccociiiiiiiieieieese ettt sesbe e s 17
Stephen L. Cabano

The Legal System As a Driver for Innovation In Energy TeChNOoIOgY .......c.ccccivivivieiiiiiiiie et 27
Richard D. Jordan, Mary Ternes

PALENTING BASICS ...ttt ettt b bbb et h e b £ e bt b E e b e e e R b e b e e b e bt eb e b ket e R e e bt eb e bt b et n e bt ne e 28
Vivek Koppikar

Ethical ProjeCt IMBNAGEMENT .......c.o ittt sttt b e et et ekt e bt bese et e e em s eb e ebeebesbeebeneemseb e e bt abeabesbene et e e aneeneee 29
Eldon R. Larsen

Solvent Selection Techniques for PharmaceutiCal PrOCESSES .........civiieiiiiiieie ettt sbeees 34
Kevin G. Joback

Efficient, Reliable and Predictive Solvent Design for Pharmaceutical Processes.........cccoviviiieriirieieeisiesiesesiesieeseeie s 35

Elisa Conte, Rafiqul Gani, Peter A. Crafts, Sascha Sansonetti

Determining Solubility of APIs and Intermediates From Automated Parallel Experiments and

1Y/ [=] 11 o o OO 37
Naresh Chennamsetty, Olav Lyngberg, Jun Qiu

Solvent Design for Optimal Kinetics: From Quantum Mechanical Predictions to Experimental

V= 1T F= L o] o ISR 39
Heiko Struebing, Zara Ganase, Panagiotis G. Karamertzanis, Alan Armstrong, Amparo Galindo, Claire S.
Adjiman

Practical Applications of QbD for a Parenteral Drug ProQUCT.............ccooiiiiiiiniieee e 41
Nancy J. Harper, Venkat Koganti, Gautam R. Ranade

Rational Design and Scale-up of Batch Lubrication Processes for Immediate Release Formulations......................... 44
Joseph Kushner 1V, Daniel O. Blackwood, Bruce C. MacDonald, Mark Polizzi, Francis M. Moore, Bruno C.
Hancock

Automation and Control of Drug-On-Demand TeChNOIOQY .........ccocoiiiiiiiiiiiiii e 45
Laura Hirshfield, Arun Giridhar, Gintaras V. Reklaitis, Venkat Venkatasubramanian, Michael T. Harris



Dynamic Flowsheet Modeling and Sensitivity Analysis of Continuous Pharmaceutical Manufacturing..................... 46
Fani Boukouvala, Vasilis Niotis, Lukasz Mioduszewski, Aditya U. Vanarase, Rohit Ramachandran, Fernando. J
Muzzio, Marianthi G. lerapetritou

Innovative Techniques for Planning Experiments Across Mulitple Unit Operations...........cccccccevevveieiieiesenesisieesnnns 47
Kelly Canter, Leonard Perry

Real-Time Process Management and Knowledge Management for Continuous Pharmaceutical

LAY T a L0 Tt (1 Vo OSSR 48
Girish Joglekar, Arun Giridhar, Gintaras V. Reklaitis, Venkat Venkatasubramanian

An Integrated Approach to Separations Process RESEAICN........c.cciviiiiiiieiii ittt 49
Kyle P. Kostroski

Drying Aqueous Biphenol Salt for Polyetherimide Monomer SYNthesis...........coviiiiiiiiiiese e 50

James M. Silva, David Woodruff, Thomas Guggenheim, Albert Stella
Design of Reactive Distillation Column for Non-Parameterized Components - Which Experiments

AATE ESSEINTIAL ... e 52
Oliver Litzmann, Thomas Gritzner, Glinter Wozny, Jens-Uwe Repke

Design and Fabrication of Pilot Scale Gas/Liquid SEParators ..........cooceaiiireiieneieeieese et 54
Oliver Orrell

Pilot Plant Development of Molecular Separations by Organic Solvent Nanofiltration..............cccceoveiiiinicininnns 55

Andrew G. Livingston, Andrew T. Boam, Andrea Meniconi, Fui-Wen Lim, Marcin Makowski

Pilot Scale Liquid-Liquid Extraction Process Development for Emulsifying Viscous Organic-Aqueous

IMIIXEUTES .ttt bbbt bt bttt h bt e b e E e e b€ 4o e s e H £ e b £ 4 H e e b€ A E e b et e R £ e b2 h £ e bt eE e e bt nEea b e b e e bt ekt e bt e b e ne et e s e bt et e 57
William Hollar, Babatunde Oguntade, Pankaj S. Gautam, Zeljko Kuzelevic

Generic Model and Data Based Framework for Analysis and Development of Crystallization

PIOCESSES ...ttt ettt sttt etttk bkttt h bR Rt R R e R e R e R e SR e SR £ e R e AR £ oA R e AR £ e R e AR £ e AR e SR e e AR e eR e e Rt eR e e Rt eR e e b e eRe e e e ebeennenneenes 58
Kresten Troelstrup Meisler, Noor Asma Fazli Abdul Samad, Krist V. Gernaey, Nicolas von Solms, Rafiqul Gani

Quality-by-Design of the Crystal Size Distribution of An Anti-Arrhythmic Drug Using a

Crystallisation Process Informatics System (CryPRINS).......ccooiiiiiiiii et 60
Zoltan K. Nagy, Ali N. Saleemi, Gerald Steele

Model-Based Decision Support for Design and Operation of Pharmaceutical Crystallisation

Processes: Efficient Workflows for Validation Against Experiments and SCale-up ..........cocoerereiniininenc e 62
Sean K. Bermingham, Ugo Cocchini

Development of a Task Based CryStalliZEr DESIGN.......c..cuiiiiiiieieeee ettt sttt b e sesbe e s 64
Anamaria Soare, Andrzej Stankiewicz, Herman J. M. Kramer

Systematic Approach for Chiral Separation Via Diastereomeric Salt FOrmation ...........cc.ccocoeveviieiiiiinens e, 66
Venkata S. Sistla, Jan von Langermann, Heike Lorenz, Andreas Seidel-Morgenstern

Thermodynamics-Based Approach to Crystallization Process Development..........cccvevveiiveneiieieesc e 67
Christianto Wibowo

A Debottlenecking Study for a Dehydration COIUMN ..........ccooiiiiiiii e 68
Ahmed A. Youssef, Mohan Khadilkar

Fast NMPC Applied to Industrial High Purity Propylene Distillation .............ccccooiiiiiini e 78
Gilvan A. G. Fischer, Lorenz T. Biegler

Multiobjective Optimization of @ Spouted Bed REACTON ..........ccoci it 80

Ghanim M. Alwan, Stoyan Nedeltchev, Shreekanta Aradhya, Muthanna Al-Dahhan
A Multifaceted Experimental Design Investigation of Nodule Formation In Electroformed Parts In

Compact DiSC PIating OPEratiONS ...........coveiiiiiieieiteieeee ettt te ettt e e et e seeteetesbesbe b esbeseeseabesbesbe s enbeseenseneans 112
Z. Otero Gephardt, John Heinzel

Molecular Models Using VBA to Optimize the Process of Petroleum Refining ..........cccccooviniiiiiiniiniceenen 113
Tatiane Gercina de Vilas, Claudio Oller do Nascimento, Jadson Paulino Alves da Silva

Optimization and Thermodynamic Analysis of Mixed Refrigerant System In Ethylene Plants..............ccocccceoiiiene. 120
Karthik Krishnadevarajan, Jian Zhang, Qiang Xu

Real Time Optimization of Industrial Gas Plants and NetWOIKS ............cccooiiiiineiiicireie e 122
Tong Li

Additives Used for Process Optimization - a Case Study On IbUuprofen..........ccccociieciiiiii i 124

Thomas Vetter, Marco Mazzotti, Jarg Brozio

Crystallization-Based Integrated Process for the Resolution of a Pharmaceutically Relevant

=T g g T=To [T LSO 126
Jan von Langermann, Heike Lorenz, Malte Kaspereit, Martin Hedberg, Matthew J. Jones, Bjorn Herschend,
Kerstin Larson, Mozzafar Shakeri, Jan-Erling Backvall, Achim Kienle, Andreas Seidel-Morgenstern

Modeling, Screening and PAT: The Development of a Pharmaceutical Crystallization ...............cccccoevviineiicicnnnnn, 127
Brendon G. Ricart, Dimitrios Zarkadas
Process Enhancements for a pH Sensitive CryStalliZation ..............cccoiiiiiiiii s 128

John G. Gaertner, James Marek, Samrat Mukherjee, Shailendra Bordawekar, Mina Dimitri



API-Crystal Preparation In A Continuously Seeded Tubular Crystallizer ... 129
Rafael J. P. Eder, Julia Grill, Elisabeth Schmitt, Simone Schrank, Eva Roblegg, Maximilian Besenhard, Stefan
Radl, Heidrun Gruber-Woelfler, Johannes G. Khinast

Towards Sustainable Manufacturing: An Approach Evaluating Energy Reduction Techniques for

SYSTEM IMPEOVEIMEINT. ...ttt bbbt h e bbb e b b e s b e ke e s bt e b e e et b e e bt nb e et e b e e bt s b e e b b e e b nr e s 131
Tamer O. Girgis, Yinlun Huang

Optimal Synthesis of Fuel Gas Networks for Energy Sustainability ............ccocoooiiiiiiiiiiii e 132
M. M. Faruque Hasan, Iftekar A. Karimi

Nationwide Energy Supply Chain Analysis for Transportation FUEIS.............cccoeiiiiniiiiiiie e 135

Josephine A. Elia, Richard C. Baliban, Christodoulos A. Floudas
Development of An Integrated CO2 Capture, Transportation and Storage Infrastructure for the UK

and North Sea Using An Optimisation FramMEWOTK...........c.ccuiiiiiiieiiice ittt st s e e e nessesre s 138
Paolo Prada, N.V.S.N. Murthy Konda, Nilay Shah

Energy Balances for the Production of Cellulosic Ethanol .............cccoiiiiiiiiiie e 140
Kyriacos Zygourakis, Venetia Rigou

High Photon Flux Photoelectrochemical Reactor: Modelling and Operation .............ccocoerereiniiienenencneeeese e 142
Klaus Hellgardt, C.-K. Ong, G. Kelsall, S. Dennison

Laboratory Activities for Introducing Students to BiomMaterialS...........ccooiiieiiiineiiieiiece e 143
Jennifer Vernengo, Kevin Dahm

Integration of the Unit Operations Laboratory with a Focus On Biofuel Production............cccccoovvvviiiiiienccicieccen, 144
Jim Pfaendtner, Danilo Pozzo

A Drug Delivery Experiment Using Alginate MICrOSPNEIES ..........oiiiiiiiiiieie et 146
Stephanie Farrell, Jennifer Vernengo

Developing Tools for Teaching Chemical Engineering Unit Operation DeSIgN ..........cccierireieiieiene e 147
Rachael H. Elder

Alternative Lab Reports - Engineering Effective COmMMUNICALION............ccoiiiiiiniiieiccc e 149
Daniel Lepek, Richard Stock

Wiki Implementation In a Senior Unit Operations Laboratory ............ccc.coviiiiiiinioiiiieese e 150
James P. Abulencia

Web-Lab: Enhancing the Undergraduate ENgineering EXPEIIiENCE. .......c.cviiiirireiiieereste et 151

Cynthia Collins, Kristala Jones Prather
An Integrated Curricula Approach to a Great Capstone Lab Experience and Its Potential

IMPlementation 1N SOULN AMEEICA. .........oii ettt b e e et e st bt st e be e e e s e e st ebesbesbesee e e e aneeneane 152
Rocio Tijaro, Mario Oyanader, Joseph Biernacki

Evaluation of Alternative Fuels to Replace Coal In Cement ManufaCturing ...........cccoveriiiineiincenseesecseeseeas 153
Steve R. Duke, Anton Schindler, Don Stafford

Kinetics Study of Calcium Carbonate Decomposition At High CO2 EnVIironment.........cccccoevevieieieieieseseieeneeanens 155
Yong-Hua Duan, Jian Zhang, Delong Xu, Hui Li, Le-le Yang, Xiao Fan, Wen-bin Yang, Yongxiang Ren, Yong Min

Application of lonic Liquids In the Aluminum Electrorefining.........ccoooiiiiiiiiiiiii e 157
Zheng Yong, Lu Xingmei, Zhang Suojiang

Novel Zeolite Membranes for Energy-Efficient Air Dehumidification and Conditioning...........ccccoccoevveneiciniencne. 159
Rong Xing, Yuxiang Rao, Wei Liu

An OsmMOotic Membrane DENUMIAITIEN.........cooiiie ettt sttt se e ereaneas 160

Arthur S. Kesten, Jack N. Blechner
Ethanol/Water Biomass Feedstock Separation Through Inorganic A-Type Zeolite Membrane on Thin

POFOUS NI SNEET SUDPOIT ...ttt bttt b bbb e bt b e e bt b b e b et e st e b e eb e e bt et e b e e s ebeane e 164
Yuxiang Rao, Rong Xing, Wei Liu

Process Intensification: A HiStOriCal PEISPECTIVE. ........cc.ciiiiiiiie ettt sre e e 165
Thomas A. Kenat

Enabling a Small Scale Gas-t0-LigUIA PrOCESS.......cccciuiiiiiiiiiiesie ettt sttt sresresbeneen 167
Jan J. Lerou

Micro-Structured Catalysts for Process INtensifiCation ...........ccccooivoiiiiiiiii e 168
Enrico Tronconi, Gianpiero Groppi, Carlo Giorgio Visconti

Intensification of Catalytic Reactions with Neoteric SOIVeNt Media...........cccviiiiiiiiiiii e 170
Bala Subramaniam

Tools and Techniques for Managing Innovation From Beginning to ENd............cccoooiiiiiiiiiicieneee e 171

Jack Hipple, Eldon R. Larsen, Mukund Karanjikar
Process Optimization towards Sustainability Using Modified Particle Swarm Algorithm for a

IMUIEITUAE OF OB JECTIVES ...ttt b ettt e sttt e b e be st et et e s e e s e e be et e e besbe s ensereanennes 175
Mazdak Shokrian, Karen High
Distillation Design In Recovering Butanol Produced From Extractive Fermentation Processes............ccocevvevveeivenne. 178

Yihui Tom Xu



Value Maximization of C4 Stream in Petrochemicals Production: Introductions to C4AC and Ole-SIV ................. 179
Nicholas J. Kim

Development of Fuzzy Based - Inherent Safety Performance Indices Integrated with Process

ST 101 F= o] SO USPRSRURSRPRTN 216
Namjin Jang, Ik Hyun Kim, En Sup Yoon

Simulation Study of Different Alternatives for Isoamyl Butyrate Production by Using Aspen PIus®....................... 224
Jairo A. Duran, Karen A. Cafion-Rubio, Julio C. Vargas, Ivan D. Gil, Gerardo Rodriguez

Simulation and Economics of Biodiesel Production From Microbial Lipids...........ccccoiiiiiiiiiiiiiinnceeeecee 229
Ramalingam Subramaniam, Stephen Dufreche, Mark Zappi, Rakesh Bajpai

A Suitable Disengagement: Adventures In a Multi-Phase Reaction SyStem ..........cccociiiiiiinennieiene e 230
Cheryl Teich

Mixing Scale-up for An AT OXiOatION PrOCESS........coiuiiieieieiiestesieieese e ste sttt e st testestesteseeseeseatesbessesseseeseesessesseneen 232
John E. Pace IlI

Industrial Reactor Evaluation with Uncertainties In Mixing Performance and Reaction Kinetics ............cccccuevnen. 245
Michael D. Cloeter, Pramod Patil, Aaron Sarafinas

DeSIgNING TN REIADIITY ....c..oeiieee bbbttt b bbbt s bbbt b e et et e b e 247

Todd M. Hutchinson
The Evolution of Process Understanding Through Micromixing and Mass Transfer Studies In the

Successful Development of a Specialty ChemiCal PrOCESS .........ccooeiiiiiiiii e 248
Aaron Sarafinas

Further Studies of Micromixing: Scale-up, Baffling and Feed Pipe BackmixXing...........cccccocvverieiiieiineneneicsse s 250
Melissa Assirelli, Alvin Nienow

Removal of Rhodamine B Dye with Fe/Mn Co-Doped Titania Nanotubes .............cccciiiiiiineiecenesee e 252
Manohar Palla, Daniel H. Chen, Rakesh Sadu, R. Asapu, George W. Spencer

High Temperature Corrosion of Commercial Alloys At Various SO2/HCI RatioS..........ccoceiereieieiiienee e 254
Timothy Sharobem

On Improvement of Solvent Quality In a Natural Gas Sweetening Plant............cccooveiiiiiiiiiicsceceeees 255
Binay K. Dutta

Efficient Production of High Purity Phenolic Glycol EThers...........cccooviiiiiiiiiicc e 258
Max Tirtowidjojo, Edward Daugs

Evaluation of DRY Strength Additives FROM NATURAL Resources of Indian ORIGIN...........ccccocviniiiinince, 260
A. K. Ray, Uttam Kumar Ghosh, Sweta Gupta

One-Step Alkoxylation of Anhydride to Synthesize Glycol Di-Ester In High Yield...........cocoiiiiiiiii 280
Jia Liu, Yun Fang, Wei Tang

Synapse: Software for Chemical ProdUCT DESIGN.........c..oiiiiiiiiieieiee sttt st sneneeaae 286
Kevin G. Joback

Lipid Processing Technology: Shifting From Waste Streams to High-Value Commercial by-Products.................... 287

Carlos Axel Diaz-Tovar, Azizul Azri Mustaffa, Georgios Kontogeorgis, Rafiqul Gani, Bent Sarup
Generating Laminar, Reproducible Flow Rates by Modeling Transport Properties of the

Hydrofluoric ACid-SUITUFIC ACIH IMIXTUFE ..ottt bttt b ettt be st b 289
Tina T. Wang, Michael J. Kelley

Application of Plant-Wide Dynamic Simulation for Safety Operation of An Ethylene Oxide Plant.......................... 298
Xiongtao Yang, Qiang Xu, Kuyen Li

Bioprocessing of Switchgrass to Ethanol Utilizing Thermostable CellUlases ..o 299
Lew P. Christopher, Vasudeo Zambare, Archana Zambare, Kasiviswanath Muthukumarappan

Gas Fermentation of Industrial Waste Gases to Fuel and Chemicals.............ccccviivniiiciiiiicceces 301
Derek W. Griffin, Michael A. Schultz

The Development and Commercialization of a Biodiesel Process Using Supercritical Fluid Methods ...................... 302
Marc Privitera

The Cultivation of Algae and I1ts Conversion t0 BIiOGIESEl...........ccoiiiiiiiii e 303

Spencer T. Glantz, Jasmin Imran Alsous, Daniel Choi, Warren D. Seider, Stuart W. Churchill
New Catalytic Technology for Converting Heavy Oils Derived From Alberta Oil Sands Into

PEtrOCHEMICAI FEEUSTOCK ... .. vttt ettt et et et e e e st et e e beebe st et et ensebeebeebesbeebeseensareanennas 307
Duke Du Plessis, Katherine Wilson, Michel Berghmans, Chris Foy, Vasily Simanzhenkov
FUSEI Ol SEPATATION PIrOCESS ....vviviitiieiteitesiettete ettt ste st seete e st e et e e e seebeabesbesae b e e ese et e ebeebesae b e e esseseebeebestesbesaenseseanentis 332

Natalia R. Montoya, Fernando P. Cordoba, Carlos A. Trujillo, Ivan D. Gil, Gerardo Rodriguez
Simultaneous Saccharification and Fermentation of Switchgrass by Thermotolerant Kluyveromyces

Marxianus IMB3: Effect of Enzyme Loading, Temperature and Operating MOde...........cccooeveieieneienencieeeseneee 338
Naveen Pessani, Hasan K. Atiyeh, Mark R. Wilkins, Danielle Bellmer, Ibrahim M. Banat
Historical Perspective ON CONSUMET GOOUS .........eiueiuiieieiiatisestesieie et etestesteseeseesessestestesteseeseesesseasessessesseseesessessesseses 339

Tasha Desai



Using Other Peoples' Brains to INVENt NEeW PrOQUCTS ..........coiiiiiiiiiiiiesieie et 340

Jack Hipple

Facing the Top Five Innovation Barriers for Consumer Products: Systems and Strategies...........ccoevvrvvvncienienns 343
Jeff Lindsay, Cheryl Perkins

The Science Behind the Innovative Laundry Sheet Purex Complete 3-IN-1........cccooiiiiiiiiiiiiiiieiesiee e 344
Matthew Petkus

Rational Design of Pharmaceutical and Other Liquid FOrmulations..............cococeiiiiiiiiiineeeec e 345
Elisa Conte, Sascha Sansonetti, Peter A. Crafts, Rafiqul Gani

The Final Step of a QbD Technical Transfer: Validation ...........c.coooiiiiii e 347
Kevin J. Bittorf

Pilot Plant Funding from an R&D PerSPECLIVE .........couiiiiiiiiiieie ettt sttt eneetesbeneen 348

Merril Galloway, Ashim Ghosh, Ramesh Rameswaran, Mohammad Shafiei

Advancing Quality by Design Through Diverse Uses of Latent Variable Methods In Vaccines and

2T To] (ol {otSl Y PV a 10 =T (0] o OSSOSO 352
Charles Miller, Louis Obando, John Higgins, Gert Thurau, Eric Ahuja

Assessing Potential Value of R&D Opportunities Via Explicit Assumption Vs. Implicit Experience or

Learning CUIVE APPIOACKIES. ...ttt sttt sttt et e bt b e et e sa e e et e me et e e b e ebeseebe e eneebeabeabeseebeneeneaneaneas 353
Juben Chheda, Joseph B. Powell

Scale-up Methodologies When Handling Extremely Dangerous Intermediates and Products .............cccocccviennnene. 358
Jerry S. Salan, Shannon Lenahan, Matt Jorgensen

Automated Pilot Plant System Producing 3,3-Diamino-4,4-AzZ0XYTUrazan..............ccoeveiviiiiinenesieieiese e seanens 359
Kimberly Hanson, Jerry S. Salan, Andrew G. Pearsall, Matt Jorgensen, Patrick B. Skahan, Tod F. Ricks

Process Monitoring of An Energetic Material Pilot PIant............ccoooiiiiiiiii s 360

Jerry S. Salan, Thomas Palathra
Using Process Analytical Technology (PAT) Tools to Support Flow Chemistry Development and

g (0o [ o1 T o PSSR 361
Yangiao Xiang, John Lucas, John G. Van Alsten, Bryan Li, Nandell F. Keene

Process Analytics - Intensive Pilot Plants: Learn Early, SAVe Later ..o 362
Steven F. Wright

Academics and OPEN INNOVALION. .........coiiiiiiiiiiet ettt b et et e teebe st e st e st e e esseteebesbesbesbessensasaanens 363

Richard L. Long
Effective Quantitative Decision-Making Based On Lowering Cost of Capital and ROl Thru Safety

ENQINEEITING STUTIES ...ttt ettt b et e e ae e bt e bt e be e e e b e e e Rt eE e e EeeE e se e b e e en s et e ebeebesbeabeneensareanennas 364
Glenda J. Gutiérrez Capriles

Exogenous Uncertainty: Choosing INNOVATION PrOJECTS .........ciiiiiiiieiiieisie ettt 387
Diana Matonis

Identifying & Transforming Local Best Practices to @ Global COMPETENCE..........ccooveeriiiiieiniceseesee s 388
Marcus A. Tennant

Synthesis of Sustainable Property-BASED WATER NEtWOIKS.........ccciiiiiiiiiieiiieese et 389
Luis Fernando Lira-Barragan, José Maria Ponce-Ortega, Medardo Serna-Gonzélez, M.M. El-Halwagi

Comparing Continuous and Batch Process Design Under Uncertainty for Biodiesel Production..............cccccoevnene. 397
Pahola T. Benavides, Urmila Diwekar, Juan M. Salazar

Simultaneous Optimization of Flowsheet, Heat Recovery, and Water Network .............ccocooveieiiiiinencneiccee e 398

Linlin Yang, Ignacio Grossmann

Incorporating Safety and Efficiency Considerations In Sustainability Assessment of Poly-Generation

YA =10 1SS PSSO 401
Preeti Gangadharan, Kailiang Zheng, Abhishek V. Jayswal, Anand Zanwar, Helen Lou

Technology Evaluation and Decision Making for Sustainability Enhancement of Industrial Systems

UNAEE UNCEITAINTY ..ottt b bbbt h b e e bt b e e e e e bt e b £ e Rt e bt b e b e e e st e bt ebeeb e et e b e et et e e bennen 402
Zheng Liu, Yinlun Huang

Integration of Production Processes, Waste Management and Energy Utility Generation In Chemical

2T Lol T o - 1) £ SOOI 404
Stavros Papadokonstantakis, Claude Rerat, Konrad Hungerbiihler
Economic Analysis of Municipal Wastewater Utilization for Thermoelectric Power Production...........c.c.ccccveevennee. 407

Iman Safari, Michael E. Walker, Javad Abbasian, Hamid Arastoopour, Ming-Kai Hsieh, Ranjani B. Theregowda,
David A. Dzombak, David C. Miller

Considerations for Research, Development and Commercialization/Scale-up of Biomass Pretreatment

PTOCESSES ...ttt R R R R R R R e e R R e R e R R R et R e Rt R r e n e et r e e 408
Dale Monceaux, Richard C. Agar, Charles E. Wyman

Improving Corn Stover Reactivity In Low Severity Pretreatment Through Deacetylation and Disc-

L] {10 T T P PSSO 412
Xiaowen Chen, Joseph Shekiro, mary Ann Franden, Min Zhang, Bonwook Koo, Sunkyu Park, Melvin Tucker



Reducing Process Complexity for Cellulosic EtNANOL .............ooiiiiiiiiiiec e 413
L.O. Ingram

Co-Utilization of Methane In Steam-Biomass Gasification Using Concentrated Solar ENergy..........c.ccccoeevvierinnne. 415
Aaron W. Palumbo, Erica L. Jorgensen, Alan W. Weimer

Poly(oxymethylene) Dimethyl Ethers As Components of Tailored Diesel Fuel - Properties, Synthesis

FoTaTo U g 1 o= a o] g @o] g ol o] i J SO SO 416
Jakob Burger

Synthesis of Green Diesel Fuel From Fatty Acid Feedstocks Via Electrochemical Hofer-Moest

[ cTot= g o Jo) 4V - L [0 o OSSPSR 418
Cody Wagner, Charles Coronella, Rainer Busch

Lignin Depolymerization and Deoxygenation 1N 10NIC LIQUIGS ........ccooveiiirieiiiineieceesese et 419
Blair J. Cox, Thong Q. Ngo, John G. Ekerdt

Preparation of Cellulose-Rich Materials From Cornstalks Using Biodegradable lonic Liquids............cccccoevvivinnnne. 420
Xiaofeng Zhang

Preparation of Cellulose-Rich Materials From Cornstalks In Biodegradable lonic Liquids..........c.ccoccveniiiiinencne. 421
Shan Li, Minli Zhu, Xingmei Lu, Zengxi Li, Suojiang Zhang

Preparation and Testing of Adsorbents for the Separation of lonic Liquids From HMF.............cccocoiiiiiiiiienen. 423
Yuxiang Rao, Alan Cooper, Heather Brown, Wei Liu

Isobutane/1-Butene Alkylation Catalyzed by lonic Liquid-Superacid Coupled Catalysts...........cccooerviiieiinvennnenn, 424
Xuegi Xing, Guoying Zhao, Suojiang Zhang, Peng Cui, Hailing Ren

Degradation of Poly(ethylene terephthalate) Wastes Catalyzed by Mn-Containing lonic Liquid...........c.cccccvevvennne. 425
Qian Wang, Xingmei Lu, Xiangping Zhang, Suojiang Zhang, Chunshan Li, Zengxi Li, Xueyuan Zhou, Minli Zhu

Estimation and Modeling of Crystal Size and Shape Evolution Using In Situ TOOIS .........c.coooeiiiiieiiiiniicineneen 426

Mo Jiang, Mark Molaro, Michael L. Rasche, Haitao Zhang, Keith Chadwick, Lifang Zhou, Minhao Wong, Zhilong
Zhu, Dominique Hebrault, Des O'Grady, John Tedesco, Richard D. Braatz

Enhanced Resolution for More Accurate Inline Particle Measurements In Crystallization............c.ccccovvvncinienns 430
Anjan P. Pandey, Des O'Grady, Ben Smith

PAT Based In Situ Monitoring and Control of the Polymorphic Purity of Pharmaceuticals In Batch

(10 10] 1T aTo [ @1 Y55 =1L 72 Ui [0 o DO OSSO 431
Zoltan K. Nagy, M. R. Abu Bakar, Ali N. Saleemi

Experimental Investigation of Crystal Shape Evolution During Growth and DisSolUtion .............cccccoceveneieiniencne. 433
Meenesh R. Singh, Stephan X. M. Boerrigter, Christian Borchert, Kai Sundmacher, Dorwaiswami Ramkrishna

Interpretation of FBRM Data At High Crystal DENSITY .........ccciiiiiiiieiiiie et 434

Huayu Li, Yoshiaki Kawajiri, Martha Grover, Ronald W. Rousseau
Calibration Free Reactive Dissolution Kinetic Modeling with In-Situ FBRM, ATR-IR, and

(0= 1 (0] ¢ 1411 1 V2SSOSR TSRS 436
Sebastien Cap, Levente L. Simon, Konrad Hungerbuehler

Design for Six Sigma (DFSS) Approach to Copolymer Process Development...........cccocviiriieiiiniencnieneieeese e 437
Mohan Khadilkar, William Hollar

Thermal Degradation of Nylon 66: Modeling and Parameter EStimation.............ccoooiiiiiiiiincieniseee e 438
Kim B. McAuley, Hadis Karimi, Mark A. Schaffer

Flow Accelerates the Reaction Kinetics of Multiphase POIYMEr SYStEMS ........cccoviiiiiniiiiiiiee e 439
Jie Song, Randy Ewoldt, Christopher W. Macosko

Continuum Lumping Modelling for Polymerisation KINetiCS...........cciviiiiiiiiiiieiiice e e 440

Mustafa Adam, Raffaella Ocone, Valeria Arrighi
Stress Cracking of Poly(ethylene terephthalate) Beverage Bottles: Mechanism, Structure/Property

Relationships, and Methods OF PrEVENTION ..........oiiiiiiiiiiiree ettt be s 441
Eric Morrison, Megan W. Malvey, Richard D. Johnson, Jeffrey S. Hutchison, Jessica L. Anacker, Keith A. Brown
A Polymer Isolation Process for Powders with Designed Properties..........coooi i 442

William Hollar, Viswanathan Kalyanaraman
From Multi-Scale Methods to Virtual Process Engineering --- Efficient and Accurate Simulation of

MUIEI-PHase COMPIEX SYSTEIMS. ......ecuiiiiitiiiietiet ettt e e te et e st et et e e e seebaebesbesae b e s es s ereebeebesbesbeseenseseanentas 443
Ge Wei

Point of Use Recyclable Bioreactor System for Bio-Agricultural Applications...........cccccoiviiiiiiiiiienccecseneen 444
Matthew A. Robinson, Henry Y. Wang

The Study of Ultrasonic Irradiation Facilitating Fat Hydrolysis ReaCtion............cccueiiiiiiiiiicircse e 445
Guangming Du

Autothermal Hydrogen Production From Isobutanol for FUuel Cells ... 446

Reetam Chakrabarti, Jacob S. Kruger, Lanny Schmidt

Sulfuric Acid Catalyzed Isobutane-Butene Alkylation Promoted with lonic Liquids or

THIFTUOTOBTNANOL........eiiiii bbbt b bbbttt 447
Hailing Ren, Guoying Zhao, Suojiang Zhang



Comparison of Different Process Routes From Coal with Energy and Exergy ANalysis ...........ccocooioerinencnciencneenn 448
Yuehua Yao, Xiangping Zhang, Suojiang Zhang

Activated Carbon Process for Simultaneous SOx/NOx Removal From Concentrated CO2 At Elevated

PrESSUIES. ... ettt e e e e ettt e e ettt e e et eeeeetteeeetbeeesabeee e abaeeeasbbeeeaabeeeabbeeeaabeeeeaabee e e bbeeeahb et e aabeeeaabbeeeabreeeaabeeeabeeeaanes 450
Monica Zanfir, Minish Shah, Rahul Solunke

Simultaneously Increasing Profit and Reducing Emissions Through Process Optimization for

Integrated PetroCNeMICAI PIANTS ...........ooiiiiiie bbbt b e e ettt b e bbb 452
Jian Zhang, Qiang Xu

Reducing Spray Dryer Bend Choking While Increasing Feed Rate............ccooi i 454
Bedanta Krishna Bhuyan

Thermodynamics Studies of Metal Oxides Conversion for CO2 Sequestration In Steel Industry ..........c.cccoeeennene. 465
Hui Li, De-Long Xu, Xiao Fan, Yong-Hua Duan, Yong Min

Process Intensification of Multiphase Processes with a Rotor-Stator Spinning Disc Reactor...........cc.ccoceveviivevennane. 466
John van der Schaaf, Frans Visscher, Kevin M.P. van Eeten, Mart H.J.M. de Croon, Jaap C. Schouten

Achieving Process Intensification: A Phenomena-Based Synthesis/Design Methodology ..o 467

Philip Lutze, Deenesh K. Babi, John M. Woodley, Rafiqul Gani
Membrane-Assisted Processes for Energy-Efficient Separations: An Optimisation Based Design

Approach Using EVOIULIoNary AlGOITtRIMS ..........ciiiiiiiei ettt ettt se et ne e e 469
Katharina Koch, Andrzej Gorak

Isolation of High Grade Methyl Acetate Via Pervaporation.........c.ccocooeioiiiieie e 471
Thomas Winkler, Susanne Lux, Matthdus Siebenhofer

Hydrotreating of Vegetable Oil IN IMICIOFBACTON .........cc.cviiiiiieieiiieeet ettt e e b e bt e b e e enesresreneen 473

Lalita Attanatho, Goran N. Jovanovic
A Novel Intensified Device for the Production of Highly Monodisperse Polymer Particles In the Low

Nanometer Range Through Miniemulsion POIYMErizZation ... 474
InAs Souilem, René Muller, Yves Holl, Michel Bouquey, Christophe Serra

Direct Conversion of Lignocellulosic Biomass to Drop-In Hydrocarbon FUel ... 478
Xuejun Pan, Li Shuai

A Method for Rapid Screening of Catalysts for Hydrodeoxygenation of Biomass Intermediates.............c.cccceeveenene 479
David K. Johnson

A Novel Reactive Distillation Approach for Producing 1,3-Dihydroxyacetone From GIlycerol...........c.ccocooveoinennene 480
Xi Hong, Omar McGiveron, Carl T. Lira, Dennis J. Miller

Catalytic Oxidative Dehydration of Butanol Isomers: 1-Butanol, 2-Butanol and Isobutanol...............cc.ccocceeiiinene. 488
Ivan C. Lee

Effects of Reaction Conditions On the Acid-Catalyzed Hydrolysis of Miscanthus Dissolved In An

o] o 1ol I o U T SO 489

Sean J. Dee, Alexis T. Bell

Secondary Thermochemical Xylo-Oligomer Hydrolysis of High-Solids Dilute-Acid Pretreatment

SIUTTIES 1ottt ettt ettt ettt et e et e e b e et e s be e st e ebeeabesbeeseeebeeabesbeess e beeabesbeess e beeRbesbe e s s e abeenbesae e beebeenbeebeesbeabeeRbeabeereenbeenbenreeres 490
Erik M. Kuhn, Joseph Shekiro, Nick J. Nagle, Richard T. Elander

Microbial Qil Production by Oleaginous Fungi and Yeasts Using the Hydrolysate From the Dilute

Sulfuric Acid Pretreatment Of WHEAT STFaW ........cooiiiiiiiieie ettt 491
Xiaochen Yu, Jijiao Zeng, Yubin Zheng, Shulin Chen
BIOCORE - On a Paradigm for the Design and Synthesis of Real-Life Biorefineries............c.ccccovviniiniiiiciniennns 493

Aikaterini D. Mountraki, Athanassios Nikolakopoulos, Konstantinos A. Pyrgakis, Bouchra Benjelloun Mlayah,
Antonis C. Kokossis

Purification of Lignocellulosic Hydrolyzates by Nonionic Polymer Flocculation and Scale up Studies..................... 494
Rakesh Yasarla, Ramarao Bandaru

Revitalizing the Forest Bioproducts Industry: Steps Required to Overcome Innovation Fatigue...........c.cccccceoennenee. 495
Jeff Lindsay, Cheryl Perkins, Mukund Karanjikar

Removal and Recovery of Dye FROM PAPER Machine EffflJuents ..........cooiiiiiiiinic e 496

A. K. Ray, Sweta Gupta, Tushar Udgata, Pabitra Kumar Mohanty, Sujoy Chattopadhyay

INFLUENCE of Calendering PARAMETERS ON Coating Layers of Agri- Residue Base PAPER

Formed by DIFFERENT COAtiNG PrOCESSES .......cctitiiiieiieiiitinie sttt sttt sttt b ettt sb et e e e bt sbe b nnan 515
Sanjay Tyagi, A.K RAY, R. M. Mathur

Methyl Stearate Transesterification with n-Butanol: Process Intensification Using Distillation with

EXEEINAl SIAE REACTOIS ...c.vcviieiiicteet et r Rt r et ne bR e Rt r e nn et b et nn et nnen e 528
Venkata KS Pappu, Aspi Kolah, Carl T. Lira, Dennis J. Miller

A Comparison of the Exergetic and Economic Optimization of the Catalytic Distillation, Based On a

Rigorous Model. Case Study: ETBE SYNTNESIS ......ccciuiiiiiiiiiieie ettt sbe st st sessestesneneen 529
Jorge M. Gomez, Laura Marcela Fonseca, Jean-Michel Reneaume, Sabine Sochard



Reactive Dehydration for Bioethanol PUFIFICAtION.............ccoiiiiiiii e 531
James R. Kittrell, Carl R. Dupre, Michael F. Malone, Wei Qi

Heat Integrated Reactive Distillation for the Indirect Hydration of Cyclohexene to Cyclohexanol...............cc.ce.... 532
Aspi K. Kolah, Venkata K.S. Pappu, Carl T. Lira, Dennis J. Miller, Emmanuel A. Dada, C.B. Panchal, Richard D.
Doctor, John C. Prindle

New Catalytic Distillation Process for the Production of the Fuel Ether TAME Using Different

Pressure Thermally Coupled TeChNOIOQY .........coi ittt sre b nean 534
Hong Li, Xin Gao, Xingang Li

Process Integration and Analysis of Chemical Looping Based Power and Fuel Generation Systems............ccoeeune 538
Liang Zeng, Fanxing Li, Deepak Sridhar, Hyung Rae Kim, Andrew Tong, Siwei Luo, L.-S. Fan

Theory of Process Design Based On Self-Heat RECUPEIAtioN ...........ccvciiiiiiiiiiicicece st 539
Yasuki Kansha, Akira Kishimoto, Muhammad Aziz, Atsushi Tsutsumi

Novel Technology for Producing Bio-BUTANOL..............cciiiiiiiii e 540
Xiugin Dong, Minli Tao, Shenghua Qian, Yingzhe Yu, Minhua Zhang

Optimal Synthesis of Refrigeration System for Natural Gas Liquefaction.............ccccooiiiiiiiiiiiniiee e 541
Meigian Wang, Jian Zhang, Qiang Xu, Kuyen Li

Simulation and Optimization of Natural Gas Liquefaction Process for Energy Saving........c.ccccoveriiincinicnnnene 542

Wonsub Lim, Kyungjae Tak, Inkyu Lee, Il Moon, Kwangho Choi, Daeho Ko

Reducing Costs In Bioethanol Purification Using a Hybrid Process Liquid-Liquid Extraction -

EXTrACtiVe DISTITATION .....c.veuiiiiiiite bbbt bbbttt b bbbttt b et nn b 543
A. Avilez-Martinez, Jaime Saucedo Luna, Juan Gabriel Segovia-Hernandez, Salvador Hernandez, Fernando-Israel
GOmez Castro, Agustin-Jaime Castro-Montoya

Optimization of Blast Furnace Steelmaking Process From a Process Integration Perspective.............ccoccoeeevicnnnne. 549
Hamid Ghanbari, Mikko Helle, Frank Pettersson, Henrik Saxén

A Novel Conceptual Design for Liquefied Natural Gas Receiving Terminals...........cccoovvviiienenniieiesie e 557
Meigian Wang, Jian Zhang, Qiang Xu

Compact Heat Exchange Reactors for Process INtensifiCation ............ccccoviiiiiiiiiiicicic e 559
Zhijun Jia, Steven J. Vallee, Hani Gadalla

Magnetic Heat Circulator Based On Self-Heat RECUPEIatioN ...........cooiiiiiiiiiniie s 560
Yui Kotani, Muhammad Aziz, Yasuki Kansha, Chihiro Fushimi, Atsushi Tsutsumi

Continuous Flow Reactors: Process Intensification of An Industrial Case ..o 565
Alessandra Vizza, Roland Guidat, Yi Jiang

Exploring Protein-Excipient Interactions for Optimal Design of Protein Stabilizers............ccoccovviiiiiiiicinicns 567
Brock C. Roughton, Anthony I. Pokphanh, E. M. Topp, K. V. Camarda

Comprehensive Computer-Aided Molecular Design Framework for Pure Component Design...........ccocevevvevirenenn. 570

Apurva Samudra, Nick Sahinidis
Systematic Molecular Design of Biofuel Additives Using Hybrid Characterization and Group

Contribution Based TECHNMIGUES ........ocue ittt ettt e et et e bt bt sb et e e e s e s e eneabesbeebe s e b eseeneeneaes 572
Subin Hada, Charles C. Solvason, Mario Richard Eden

Multiscale Approach to Colloidal Systems (eMUISIONS) DESIGN.......cc.oiviieiiiiirieieiee et 574
Andrea Nieto, Diego Pradilla, Natalia Murcia, Oscar Alvarez

Teaching Chemical ProdUCT DESIGN ......c.ciiiiiieiiieieiee ettt sttt sttt seeseebe s te s b e e et eseeseeteebesbesse b eseenearaaneas 576

Ed Cussler, Geoff D. Moggridge
Author Index





