Process Development
Division 2018

Core Programming Area at the 2018 AIChE Spring Meeting and
14th Global Congress on Process Safety

Orlando, Florida, USA
22 -25 April 2018

ISBN: 978-1-5108-6446-7



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© (2018) by AIChE
All rights reserved.

Printed by Curran Associates, Inc. (2018)

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

AIChE
120 Wall Street, FL 23
New York, NY 10005-4020

Phone: (800) 242-4363
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: 845-758-2633

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



TABLE OF CONTENTS

(20a) Best Practices for Accelerating Process Development with External R&D Partners.........cccccovevviivieneiineieennnn, 1
Jack Dever

(20b) The Need for Pilot Plant SPecific StANTANTS...........couiiiiiiiei bbb e 2
Richard Palluzi

(20c) Innovation in Packaging to Address Market NEEAS ..........cooiiiiiiie ettt st 11
Ayush A. Bafna, Rajen M. Patel

(20d) Upgrading a ZINC OXIDE Process to Continuous Vacuum Filtration from Batch Filter Presses.................... 12
Barry A. Perlmutter

(39a) Data-Driven, Model-Based Approaches to the Scale-up, Transfer and Alignment of Processes............cccccevauia. 13
John MacGregor, Marlene Cardin

(39b) How to Successfully Scale-up BatCh REACTOIS ...........cciiiiiiiiiiiieie e 14

Olivier Baudouin, Stephane Dechelotte, Philippe Guittard, Rodolphe Sardeing, Benjamin Wincure
(39c) How Proper Startup and Shutdown Procedures Are Critical in Operating the Laboratory Fixed

2= o I =T Ut (o] OSSPSR 15
Anil Mehta

(44a) Designing Carbon-Based Materials for Efficient Hydrocarbon Synthesis..........cccccocviiineiciciniieie e 16
Samira Siahrostami, Kun Jiang, Mohammadreza Karamad, Haotian Wang, Jens Norskov

(44b) Leveraging Separations to Improve Sustainability of Chemical ProCesses..........cccuveriiineiiiniiiine e 17
Michael A. Schultz

(44c) Soot Generation of Olefin and AIKANE FIAIES .........c.ooiiiiii e 18
Anan Wang, Helen Lou, Daniel Chen, Xianchang Li, Christopher Martin

(44d) Modular Coal Gasification Systems: A Fit for Future of Power Generation?.............ccocoooeiiininieneieneieiceenene 19

Quinta Warren, Bhima Sastri
(55a) Towards Standardisation of Process Intensification in Solids-Handling Processes - the 1bd

oL (0] o T OO TSSOSO TPPTTOTRPRPPTTIN 20
Richard Law, David A. Reay

(55b) Process Design and Development of Offshore NGL (Natural Gas Liquid) Recovery Processes ...........ccccceeeeueae 21
Byung-Don Lee, Chi-Kyun Park

(55c) Thermodynamic Data Requirements for Biodiesel Process Development.............ccooiiiiieiiiininiene e 22
Sailee Nagpurkar, Imran Quasem, Aaron Driscoll, Kyle Cogswell, Aydin K. Sunol, George Philippidis

(55d) Enzymatic Reaction Kinetics for Biodiesel Process Development and Scale-up........c.ccoeeereieiiieneienerinieennns 23
Aydin K. Sunol, George Philippidis, Imran Quasem

(55e) Direct Process for Methylchlorosilanes: Chemistry and TeChNOIOgy ..........ccoveiveiiiiiiiiiieieiee e 24

Unni Pillai

(55f) Development and Application of Simulation Models for Improvement of Highly Non-ldeal and
CoUPIed DiISHIHIALION SYSTEIMS ......iitiiiiitiieiee ettt b bt bbb e e e b e bt ekt s b e b e s e e e st e bt et e e b e nbe st e b e e et ebeane s 25
Murali Gopalakrishnan, Prasanna Pathath, Andrei Merenov, Misfer Al-Ghamdi

(59a) Rapid Development of New Product Formulations through the Efficient Utilization of Company

John MacGregor, Brandon Corbett, Marlene Cardin

(59b) Innovating Innovation Processes for Chemical R&D By Treating As Metaphorical Chemical

PTOCESSES ...ttt b bk b e E e E e R R R R R E R R R R R R e R R R R R R e Rt bbb h et 27
Darrell Velegol

(59¢) An Experimental and Computational Study of the Four Blade Loop Impeller for Liquid

Dispersion during SUSPeNSioN POIYMEIIZATION ..........ciuiiiiiiiiieie ettt sttt be st st e e eneebesbe e s 28
Sarat Chandra Kuchibhatla, Justin Walker, Jim Pressler
(59d) DIFREXR Nexgen Expands and Advances Reactor & Technology SOIUtIONS...........c.coeveiieiiieii e 29

Subhash Dutta, Stephen C. Arnold, Aashish Gaurav, Jim Brenner

(67a) Optimization of Extraction Condition for Phytic Acid from Defatted Peanut Meal By Response

Y0l £ (oY =1 d Tl ] (o | OSSOSO TTSPSRRPR 41
Hong Ren, Ting Li, Huijie Wan, Jinping Yue

(67¢) Influences of Geometric Factors on a Solar Thermochemical Reactor for Two-Step CO,

S o] L1 1] o o OO SO EO TP SO TS U PO TTUUPRRPR 57
Han Zhang, Joseph D. Smith
(68b) Modular Systems fOr ClEaN COal............ci ittt ettt sbeste b e e e e ereaneas 58

Bhima Sastri



(68c) NSF Funding Opportunities for Fundamental Research on Modular Chemical Process Systems.............c.c...... 59
T. J. Mountziaris

(68d) Chemical and Thermal Process Intensification at ARPA-E ... 60
Addison K. Stark

(70a) Role of Qualitative Risk Assessments in Managing Project Start-UpPS.........cccccvevveiieiiiineiieiee e ee v 61
Robinson Sharon, Robert Jubin

(70b) Commissioning Planning - the Key to a Successful Project Startup.........ccoeoeieiiineneieesse e 62
Peter Kalish

(243c) 3 SUPEIPOWELS t0 BOOSE YOUE CAIEEY .....uiieeinieieeieete ettt ettt stttk be st s e et et se e b e ebesbesbe e e e aseesesbesbesaen 63

Aaron Crews
(71a) ""We Have That Covered™: The Ten Most Common Mistakes in Pilot Plant and Laboratory

[ Pz Lo N =L 64
Richard Palluzi

(71b) New Software Tools for Managing Change in a Laboratory ENvVironment...........c.cccocveieiiieiniese s 65
Steven M. Bischof

(71c) Developing a Pilot Plant Safety Culture within an Historically Laboratory Focused Work Force..................... 66
Rob Nunley

(71d) Relief Design for Laboratory and Pilot PIANTS...........cccoiiiiiii et 67
Michael Trainor

(81a) Computational Tools for Designing Innovative Chemical Products...........cccoeiiiiiiieniiencicce e 68

Kevin G. Joback
(81b) The Effect of Feed Compositon Variations from Upstream Plants on the Downstream Design

Configruation of Natural Gas Liquid (NGL) RECOVEIY PrOCESSES. ........curirtirierierieieieaiestestesteseeeeeasesiesiessesseeesessessesaens 69
Mesfin Getu

(81c) Modeling and Simulation of Diesel Hydrotreaters for ULSD Production: Selection of an

Optimal CatalySt COMPOSTTION ........iuiiiiiieieie ettt ettt et e e et e s e e st ebestesbesseneeseeneabeebesbesbebeneeneaneaneas 70
Pedro Rojas
(81d) Optimal Reaction Design of Alkoxy Silane Copolymers Using Design of Experiment Methods.............ccccce.... 71

Elham Tavakoli, Shayan Kaviani, Mona Bavarian, Siamak Nejati
(87a) Holistic Analysis of Emissions from a Small, Modular Fast Pyrolysis System for Conversion of

BIOMASS AN IMIXEA WWASTE ..ottt bbb b bt b bt bt e b b e et e bt e bt e bt e b e b et et e e ene et 72
Nicholas R. Schwartz, Michael J. Blaise, Andrew L. Wagner, Paul E. Yelvington
(87b) Modular System for Converting Lignocellulose into Pyrolytic Sugars and Phenolic Oil ............ccccoceiiiiiinnne 73

Robert C. Brown, Mark Gaalswyk, Ryan G. Smith, Lysle Whitmer, Preston A. Gable, Marge Rover, Joseph Polin,
John Stanford

(87c) Anaerobic Treatment of High Strength Industrial Wastes By Moving Bed Bioreactors (MBBR)...................... 74
Somnath Basu

(95a) Best Practices and Case Studies of Managing Process and Operational Safety in Process

Development from Laboratory T0 PilOt...........coiiiiiiiii ettt bbbt 75
Joseph B. Powell
(95b) Implementing Laboratory Safety at Third-Party Laboratories..........ccocoi e 76

Blake Branson
(95¢) Systematic Approaches to Mitigate Hazards in the Design and Operation of Experimental

)Y =11 PSPPSR PR PPPPRRPRPRPION 77
Andrew Kasick, Sunggyu Lee

(95d) Where Does Laboratory SAfety STAMT 2 ..ottt ettt b et ebesbe st nne 84
Jacob H. Arredondo, Timothy Threatt, Jonathan H. Worstell

(95e) Process Safety and Scale-up Strategy for Coating POIYMErS ........c..cciiiiiiiiieieeee e 85
David N. Nare

(100a) Integration of Smart Manufacturing in the Advancement of Polymer Processing..........ccocooeevvveiiienennniaienneas 86
Efstratios N. Pistikopoulos, Amit Manthanwar, Gerald S. Ogumerem, Baris Burnak

(100b) Smart Manufacturing: A Must to Remain COmMPELItIVE ..........ccveiiiiiiiiie e 87

Munawar Saudagar, Minghua Ye, Sultan Al-Otaibe, Khalid Al-Jarba
(100c) Development of an Advanced Control Philosophy for Dry Gas Combined Steam Reforming, to

Operate the Plant Efficiently during Feed Composition Changes............cciiriieiiiiiii e 88
Jagan Mohan Rallapalli

(106a) cMIST Compact Inline Gas Treating TeChNOIOGY........ccoiiiiiiiiiie e 89
Shwetha Ramkumar, Norman K. Yeh, Don P. Shatto

(106b) Novel Cryogenic CO, Removal- Operating Conditions and ECONomMic ANalysisS..........cccceverieiiieneieneneieennens 90
Farhad Fazlollahi

(106¢) Dynamic Intensification 0f SEPAration PrOCESSES ........ccciiviiiiiiieiiiiesese et e ettt re e sre b 91

Lingging Yan, Thomas F. Edgar, Michael Baldea



(106d) Top Dividing Wall Columns in Process INtenSifiCation ..............cooiiiiiiiiiieeic e 92
Manish Bhargava, Roomi Kalita, Brad Fleming

(107a) A Kinetic Analysis of the Shipp Synthesis of 2,2',4,4',6,6'-Hexanitrostilbene from 2,4,6-

LI LT L (0] [ 1=T o T OSSR 98
Toni Kirkes, Donald Ramirez, Martin Haddix, Chau-Chyun Chen
(107b) Halloysite Nanotube Nanocomposite: Processing and Characterizations ............ccocevevveveiieiceiesesesesieieeanens 99

Bahareh Baheri, Sunggyu Lee
(107c) The Development of a Novel Method Using Cryogenic Grinding to Produce Chitin Nanofibers

for Blending with Biodegradable POIYIMErS. ... ..ottt sttt be e se e e b e snesee e 100
Amy L. Lindenberger, Sunggyu Lee

(115a) Young Managers with EXperienced EMPIOYEES..........ccoiirieiiieieie ettt 101
Brandon Harding, Daniel Kriozere

(115b) The Sartomer Success System (3S):A Achieving Operational EXCElIENCE...........ovvivevreeeverieeeiseeeesesinenes 102
Rene Neron

(115c) 1st Year Experience of a Young Manager in a Chemical Manufacturing Unit............cccccovnnininniiinnenn 103
Donna Bryant

(116a) Justifying Energy Savings in Ethylene Crackers in a Low Energy Price Environment.............ccccoccoiininnnne 104
Mahesh Kumar Srinivas, Abdullah Algahtani

(116b) Retrospective Health Impact Assessment for Pm 2.5 Pollution in Mexico City 1990-2015.............cccovvrinnene. 105
Yousif Alhammad

(116¢) Sustainability Analytics - the Critical Link between Sustainability and Business Strategy for

ACTIONADIE TNSIGNTS ...ttt ettt e bt e b e e st e teebe e b e b e b e e e st e beebe et e nb et et ens et e ebeebesbe b e e ansarearens 106
Raghavan Ramanan

(116d) The Reaction Mechanism and Kinetics of Magnesium Oxide for CO, Immobilization..............c.ccoccoiininnnn. 107
Yifei Zhang Sr.

(125a) Smart Systems for the ProCess INAUSTIIES .......cc.oeiiiiieie ettt see s 108
Samvith Rao

(125b) Smart Damper Design Provides Better Control of Fired Heaters ..o 109
Ashutosh Garg

(125c¢) Application Centralized Information Technology in Process Design Package Development ...........cccccocuvaee. 110

Minghua Ye, Munawar Saudagar, Sergio Mohedas
(131a) Use of Dividing Wall Technology to Increase Throughput and Improve Product Specifications

1N TWO-DIAMETEE COIUMINS ...ttt b et e et b et e be s e e b e e eme e b e e beebese e be e eme e b e abeebeseeabeseensereanennas 111
Manish Bhargava, Roomi Kalita
(131b) Process Intensification of Distillation Using a Microwick Technology Platform............ccccoveiiiiiiniennnenn, 112

Ward E. Tegrotenhuis, Danny Bottenus, Paul Humble, Michael R. Powell

(131c) Improving Plant Economics By Upgrading Low Value Hydrocarbon Stream By Enrichment of

Cy+ Compounds Using Divided Wall Distillation COIUMNS .........c.ooviiiiiiiiiiiiiiectee st 113
Abdullah Algahtani, Mahesh Kumar Srinivas

(146a) Overcoming Foreseen and Unforeseen Problems with Oldershaw Column Designs in a Pilot

PIANT ... R bR R e e r e 114
Rob Nunley, Glenn Graham

(146b) Pilot Plant Success Stories from Xerox Research Centre of Canada............ccoeoviiieieieicieninc e 115
Tom Enright

(146C) PIloting 10 PrevenT FAIlUNE.........coviiiiiiiiceie ettt ettt sttt e s e st et e besbe st et e s e eneene e 116

Paul F. Martin

(146d) The US Doe's Abpdu: Enabling Commercialization in the Bioeconomy through Rapid Process

Prototyping @nd PIlOTING ........cccoiiiiiiiie ettt bbb e et b e bbb et s e e bt eb e bt st ebe et eb e bt e 117
Akash Narani, Ning Sun, Deepti Tanjore, Todd Pray

(161a) Integration of Computational Dynamics, Data Analysis Tools and Process Simulation for

Modeling of Waste Water TreatmMent PIANTS. ..ottt sre e nean 118
Komal Rathore, Kiesha Pierre, Kyle Cogswell, Aaron Driscoll, Aydin K. Sunol, Andres Tejada-Martinez, Gita
Iranipour, Luke Mulford

(161b) Comparative Process Analysis Techniques Applied to Four Propylene Oxide Manufacturing

ROUTES ... bbb e b b h bt e b s b4 H b e e b E e R e 4R b b e e b e R e oAb R £ e R e R R R R Rt R bR neane s 119
John C. Prindle

(161c) Application and Challenges of Numerical Simulations in Modeling and Scale-up of Circulating

L (Lo p2To =T To I =T Vol (o] SO 120
Emad Abbasi

(163a) Intensified-By-Design (IbD): Creating a Platform for Facilitating Process Intensification in

Y] 1T Sl =Yg Lo | T o AN o] o] 1 Tor=1a (o] -3 SRS 121

Kamelia Boodhoo, Anh Phan, Vladimir Zivkovic, Valentine C. Eze, Ahmad Mustaffar



(163b) Rapid, In-line Characterization to Support Process Intensification CONCEPLS ..........ccoereerirerenenieieereeens 122
Tyler L. Westover

(163c) Hybrid Heat Pipe Screw Dryer: A Novel, Continuous and Highly Energy-Efficient Drying

=T oo o]0 VOO PRSOUSSRPRTN 123
Ahmad Mustaffar, Kamelia Boodhoo, Anh Phan

(163d) Process Intensification and Cost Reduction for in-Plant Biomass Preprocessing Equipment.............ccce..... 124
Michael J. Blaise, Nicholas R. Schwartz, Paul E. Yelvington

(164a) Simulation of Intermediate Boilers in Distillation for Piloting and Scale-up ..........cccccoeoeiinninciccecee 125
Mark Nunley, Don Bunning, Rob Nunley

(164b) Adsorption: The FOrgotten UNit OPEIratiON..........cccooiiiiiiiiieieieieee ettt e e ae e s 126

Jacob H. Arredondo, Bor-Yea Hsu, Amy Le, Jonathan H. Worstell

(164c) Process Intensification of Multiple Separations in a Pilot Plant Process Via the Implementation

OF B INUESCNIE FIITET ...t bbbt b et b bbbt b et b bbb b e bt b et b et b et ns 127
Anika Coolbaugh, Jeremy Rader

(173c) Overcoming Heat Transfer Bottlenecks in Non-Equilibrium Chemical Processes through

AUTOTNEIMAL OPEIALION ... .ottt b et bt a bbbt b b et a e b e e bt e bt sb e b e e es e et e e bt ebe st e b e e eneebeane 133
Robert C. Brown, Chad Peterson
(173d) Reverse Flow Reactors: Process Intensification for High Temperature Chemistries ..........ccccoovoeieicieicnnenn 134

Federico Barrai, Dhaval Bhandari, Changmin Chun, Frank Hershkowitz, James Lattner, Elizabeth G. Mahoney,
Brian M. Weiss

(184a) Thermodynamic Modeling for CO, Absorption in Aqueous Potassium Carbonate Solution with

EIeCtrolyte NRTL IMOTEL ...t bbbtk b e bbbt s bt bt bt st eb e e eb e be e 135
Harnoor Kaur, Chau-Chyun Chen
(184b) Single and Multi-Objective Optimizations Using Parallelized Process Simulators...........cccccoovoenenciciinnnene 136

Trevor Rice, Aaron Herrick, Mingder Lu
(184c) Thermodynamic Modeling of the LiCI+LiBr+LiNOz+Lil+H,O System with the Electrolyte

[N T 1 oo TSRS 137
Toni Kirkes, Chau-Chyun Chen

(1902) BUIAING WIth BIOCKS ......ecviiiiiiiiciecict sttt et b ettt ettt e b b s e s e e beebesbe s b e sa et e e eneeteans 138
Greg Theunick

(190c) Critical Factors and Criteria for the Development and Deployment of Modular Chemical

L (0TS SRR 139
Paul S. Dimick, Bruce Tatarchuk

(190d) Continuous Processing of Specialty Chemicals - Opportunities with MCP...........ccccoceiiiiiiiieieeeec 140

Oleg Pajalic
(191a) Development of a Two-Stage Thermal Deoxygenation Process for Fuels and Chemicals from

BIOIMIBSS ...t bbb Rt b bbbt b bt 141
M. Clayton Wheeler, Sampath Gunukula, Scott Eaton, Hemant P. Pendse, William J. DeSisto, G. Peter van
Walsum

(191c) Development of Green Pathways for the Extraction of Medically Active Components Form

GFAPE WASTE. ...ttt bbbt bt s ekt e st e e b e oAb e ke e R b e A b e e s E e b e oAb e eb £ oAt ek e e b e e R e e b bt e R b bt e n b e nbe b bt enes 142
Kyle Cogswell, Aydin K. Sunol

(195a) Efficient Numerical Optimization of an Aerated Mixing Vessel for Fermentation..............cccccocevevevieninennn, 143
Thomas Eppinger, Leonard Becker, Ravindra Aglave

(195b) Multi-Oil Product Pipeline Scheduling with Appropriate Handling of Oil Mixing Interface..............cc......... 144
Li Yu, Min Chen, Qiang Xu

(195c) Advanced Model-Based Dynamics Optimization of a Commercial Natural Gas Recovery Unit..................... 145
Abdallah S. Berrouk, Yasser Al Wahedi, Dara Satyadileep

(195d) CFD Simulation of Gas-Liquid Flow in Monolith Channels............cccoociiiiiiiiieees 146
Yuan Zhou

(204a) Comparison of Several Indirect Liquefaction Pathways to Fuels and Co-Products Via Biomass

GaSIfICAtion AN SYNTNESIS ......c.oiiiiieicc e b et et et e e te e be st et et e s s e s e eseeteebe s b e se et eseene et ane 147

Steven D. Phillips, Robert A. Dagle, Vanessa Lebarbier Dagle, Susanne B. Jones, Michel J. Gray, Karthikeyan K.
Ramasamy, Lesley J. Snowden-Swan

(204b) Techno-Economic and Environmental Life Cycle Assessment (LCA) of Biodiesel Production

Process from Waste Cooking Oil Via Supercritical Transesterification ... 148
Prashant Nagapurkar, Conner Nuernberger, Elliot Sutton, Muhielaan Vasuthevan, Richard Hoefer, Joseph D.
Smith

(204c) Continuous Cultivation of Microalga Nannochloropsis Oculata to Extract and Characterize

Polar Lipids for COSMELIC APPHCALIONS .......c.ooiiiiiie ettt ettt st e et e e s e bt s beebe b e e e seeseebeseeeeennan 149

Ahmet Y. Manisali, Aydin K. Sunol, George Philippidis



(204d) Synergistic Utilization of Coal Ash and Biomass Ash Rice Husk Ash for Zeolite and Sorbent

g 00 [UTex £ oo OSSPSR 150
Maogqi Feng

(204e) Conversion of Syngas into Liquid HYdroCarDONS............cccooiiiiiiiiii e e 151
Girish Srinivas

(204f) Hydrogen Production from BiOMIASS.........ccciiuiieiiieiie ettt sttt te b e bbbt naeresbesae e 152

Anh Phan, Phuet Prasertcharoensuk, Steve Bull
(207a) Model-Based Development of High-Purity Hydrogen Production Unit for Hydrogen Refueling

I3 2= LT OSSOSO US PR 153
Woohyun Kim, Dong Joo Seo, Young Jae Hwang, Sang Ho Park, Wang Lai Yoon

(207b) Designing for Innovation: Process and Technology Configurations for Qil Sands Production ...................... 154
Evar C. Umeozor, lan D. Gates

(207c) Model-Guided Optimization of Industrial Azeotrope Distillation Column..........c.ccccceveviiiiiiiiiiceseeec 155
Prasanna Pathath, Murali Gopalakrishnan, Andrei Merenov, Misfer Al-Ghamdi

(207d) Knowledge Transfer and Support of New Technology ACQUISITIONS ..........ccciiiiiiinciieessre e 156
Joseph Peters

(207e) Optimal Selection and Design of a Methanol Process with Enhanced CO, Utilization ............c.ccccooceeiininene. 157

Abdulrahman Alsuhaibani, Mahmoud El-Halwagi
Author Index





