Process Development Division

Held at the 2023 AIChE Annual Meeting

Orlando, Florida, USA
5-10 November 2023

ISBN: 978-1-7138-9305-9



Printed from e-media with permission by:

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

proceedings

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

Copyright© (2023) by AIChE
All rights reserved.

Printed with permission by Curran Associates, Inc. (2024)

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

CHALLENGES AND BEST PRACTICES IN TECHNOLOGY COMMERCIALIZATION I

76a Utilizing Digital Transformation to Accelerate Technology Commercialization............c.ccoevvvviviiiiiiiiinnnns 1
Anam Ahmed

76b Modular Process Development (versus Designing Modular Process Equipment) ...........cccceovveienininennnns 2
Robert Nunley

76c¢ Characterization of Non-Traditional Reactors for Scale up of Highly Branched Polymers ................ccoeeie 3
Jennifer Larimer

76d Multiphase Reaction/Separation Processes; Technologies and Apparatus Design .........c.cooveivererenininiennnns 4

Georg Rudelstorfer, Rafaela Greil, Dominik Wickenhauser, Maximilian Neubauer, Matthdus
Siebenhofer, Susanne Lux, Annika Grafschafter

ENVIRONMENTALLY FRIENDLY PRODUCT AND PROCESS DEVELOPMENT FOR
SUSTAINABILITY

9a Development and Optimization of a Continuous API Manufacturing Process..........cccooevvvieniininnicnennennn, 6
Cameron Armstrong, Katharina Grohowalski, Kakasaheb Y. Nandiwale, David Bernhardson,
Pablo Jose Cabrera Ventura, Sergei Tcyrulnikov, Alexander Hesketh, David Limburg, Steven
M. Guinness

9b Composition-Property Relationships of BP-1 Lunar Regolith Binders for in-Situ Resource
Utilization As Geopolymers and Planetopolymers..........ccuvviirieiiniiniinie e e 7
Thaddeus Egnaczyk, Quent Hartt, Jennifer Mills, Norman J. Wagner

9c Sustainable Manufacturing and Life Cycle Assessment of MOF-Polymer Composites By
REACHIVE EXEIUSION ...ttt ettt ettt sttt ettt b e bt et e s bt es e sh e e she e sbe e ebeems e eme e ea e e ebe e bt enbeanbenbeeseeeseeeneeannas 8
Yufeng Quan, Harold Escobar Hernandez, Qingsheng Wang

9d Demonstration of a Sustainable Pathway for Producing Fully Bio-Based Polyethylene
Terephthalate (DI0-PET) ......oiiiiiiiieiiei ettt nreenre s 9
Parikshit Sarda, Sridhar Viamajala, Joseph Lawrence

9e Sustainable One-Pot Production of Diformylxylose from Agricultural Biomass: Process
Development, Scaling-up, and Life-Cycle ASSESSIMENLt..........cccviiiiiiiiiiiiiiie e 10
Anastasiia Komarova, Zezhong Li, Jeremy Luterbacher

9f Selection of Greener Solvents Using Computer-Aided Molecular Design (CAMD) to Extract
Octacosanol from Filter Press Mud of SUZAICANE .........ccveiviriiiiriiiiiiiee s 11
Nistala Venkata Subrahmanyam, Sharad Bhartiya, Urmila Diwekar

EXPERIENCES IN TEACHING PROCESS SAFETY

54a Resources for Teaching Process Safety That Are Managed or Have Been Developed By the
Center for Chemical Process Safety ..o 15
Bruce Vaughen, Anil Gokhale



54b Increasing Chemical Engineering Students’ Awareness of New out-of-Textbook Safety Topics................ 16
Jack Shultz, Jared Rhodes, Joontaek Park

54c Bringing the Real World into the Classroom: A Risk-Based Assessment of the Train Derailment
VO O T A Y (S 31 T ) ¥ o J RSP 17
Obioma Uche

54d Understanding Engineering Students' Approaches to Process Safety Judgements through a

Digital Process Safety GamME .........cociiiiiiiiiiiiii i e 18
Cayla Ritz, Brittany Butler, Jeffrey Stransky, Cheryl A. Bodnar, Emily Dringenberg, Elif
Miskioglu

54¢ Teaching Process Safety with Simulink Simulations of Runaway Reactions..........c.ccccevevvevvnieiinieninnnne. 19

Akhil Gopinath, Spandhana Gonuguntla, Aycan Hacioglu

54f Development of an Elective Process Safety Course at the University of Michigan............cccocvvvviiiiiennennn 20
Kenneth First, Henry Y Wang

54g Instruction of Process Safety Engineering through Project Based Learning (PBL) ........ccccccveviniiiiiinnne, 35
Pedro J. Arias-Monje, Sepehr Arbabi

54h On the Use of CSB Videos for Reflective Learning in Teaching Process Safety ...........cccooevviiiiiiiiinnenn 36
Paul Amyotte

LABORATORY AND PILOT PLANT SAFETY

42a Electrically Heated Equipment Safety in Pilot P1ants.........cccccoooiiiiiiiiiiiicce e 38
Richard Palluzi

42d What to Expect When Expecting in Lab: Safety Considerations and Green Chemistry
Resources for Pregnant Researchers in the Chemical Laboratory ...........cccocviviiieiiinecieie e 39
Mary Kate Lane, Paul T. Anastas, Julie B. Zimmerman

42b Evaluation of Filler Containing Si-H (Silicon hydride) Formulations for H,off-Gassing Risks

during Production and Packaging............c.cuiiiiiiiiiiieiiien e e 40
Hulusi Turgut, Jeff Kelly, Nate Stelzer, Craig Gorin, Chi-Hao Chang, Rocky Zhu, Travis
Scholtz, Ryan Gilliland, Michael Whitbrodt, Jyo Lyn Hor, Zach Rolfs

42¢ Overlooked Considerations during Safety Reviews of Lab Scale Systems and Pilot Plants ....................... 41
Pratik Bhishikar

42e Utilizing Simple Heat Transfer Models for Safe Scale-Ups of Exothermic Chemistries ............ccccceeveninene 42
Seshasayee Mahadevan, Jessica Nichols, Jason S. Fisk, Mike Depierro, Jeff Kelly

42f Utilizing a Digital Process Safety Game to Improve Training Strategies in Pilot Plants..............c.ccocevennne 43

Brittany Butler, Cayla Ritz, Jeffrey Stransky, Cheryl A. Bodnar, Emily Dringenberg, Elif
Miskioglu

POSTER SESSION: PROCESS DEVELOPMENT

85a Internally Heat-Integrated Pressure-Swing Distillation for Non-Ideal Separation Using
Computational FIuid DYNamICS ........couiiiiiiiiiiiiiiiieie e e 45
Heecheon Lee, Chaeyeong Seo, Minyong Lee, Jae Lee



85b An Energy-Efficient Double Annular Column for Azeotropic Separation............c.cevvrviirviieeieninenn e,
Heecheon Lee, Minyong Lee, Jae Lee

85d Efficient Cleaning Methods for Gas Supply Systems in Semiconductor Manufacture Using
L 2 B P TP PP PR PPPPPPRPRRPO
Ireh Seo, Rakyoung Jeon, Tae-Ung Yoon, Chang-Ha Lee

85e Amine Blending Optimization for Maximizing CO, Absorption Capacity in a
MEA - Mdea -Water System Using the Thermodynamic Model............cccoviiiiiiiiiiiiiiics
Jinyoung Cha

85f Techno-Economic and Environmental Assessment of Onsite Green Hydrogen Production By
AMMONIA CTACKINE ...ttt bbb e r bt b et e et e e ne e bt b e bt b e e e e b e nnearenreane s
Sijan Devkota

PROCESS DEVELOPMENT: DESIGN, RISK REDUCTION, IMPLEMENTATION AND
OPERATIONS

263a Duplicating Manufacturing Facilities across Different Continents: Case Study........ccccceveveviverriceieenenenn
Anam Ahmed

263c Scale-Down Considerations for Optimization and Troubleshooting of Operating Processes....................
Roque Gochez-Campos

263d Lithium Borohydride Quench Characterization and Off-Gassing Management.............ccccceoverenerenennenn
Emily Cunningham, Shelby McCowen, Jeffrey A. Nye, Rebecca Green, Scott Savage

263e Measurement Science and Calorimetry in Reactive Chemicals Evaluations of Laboratory-
SCALE PrOCESSES ....vviuiiireiti ittt
Jessica E. Nichols

263f Primary Reformer Revamp and Modernization of Vintage Ammonia Plant.............cccoccovoveviviiviceiiennnnne,
Muhammad Waqas Quraishi, Arshad Naveed

PROCESS INTENSIFICATION - NOVEL REACTORS

164a Microfluidic Photodegradation Studies of Quantum DotS...........cccviiiiiiiiiiii
Hamed Morshedian, Milad Abolhasani

164¢ Membrane Reactor and Crystallization-Based Process Intensification Strategy for Para-

XYLIENE RECOVETY ...ttt ekt bbbt e bbbt e b et e e ne e bt e bt bt e b e et e e nn e nenbeene s
Nitish Mittal, Jingjun Liu, J.R. Johnson, Benjamin A. McCool, Prodromos Daoutidis, Michael
Tsapatsis

164d Multifunctional Reactor for Process Intensification of a Multi-Enzymatic Cascade............cccccvvcvrrvenncenn.
Francesca Meyer, Tim Julian Brandt, Mirko Skiborowski, Andreas Liese, Paul Bubenheim,
Thomas Waluga

164e Evaluation of an Electro-Mechanical Piston Reactor for Propane Chemistry ..........cc.ccoovvveienencnencnnnn
Aya Abousrafa, Mamoun Al-Rawashdeh, Patrick Linke

164f Microflow System for Controlled Synthesis of Ethylene-Vinyl Acetate Copolymers:
Continuous Copolymerization and Kinetic StUAY .........cocvriiiiiiiiiiiiii e
Yuhang He, Yangcheng Lu



PROCESS INTENSIFICATION — NOVEL INTEGRATION CONCEPTS

82a Design Consideration of Multiple Dividing Wall Columns for Renewable Olefins Production
Using Economic, Environmental, and EXergy Criteria .........ccccoiiiiieiiniiiniinicsee e 65
Heehyang Kim, Hosanna Uwitonze, Aejin Lee, Hankwon Lim

82b Improved Energy Efficiency and CO2 Emission Reduction in Dimethyl Carbonate Reactive
Distillation System through Various Heat Integration Methods ............coveriiiniiicienin e 66
Minyong Lee, Heecheon Lee, Chaeyeong Seo, Jeongwoo Lee, Jae Lee

82c Ultrasonically Enhanced Chemical PrOCESSES .........cociiriiiiiiiiiiiiiii e 67
Elia Colleoni, Paolo Guida, Deoras Prabhudharwadkar, Chiara Canciani, William Roberts

82e Process Intensification Based on Modular Decomposition to Improve the Sustainability of

CREIMICAL PIOCESSES ..uvivviiieriieitiesieesieaiesieeste e st este e teestesseesteesteesteeseeaneeaneeeseeaaeesbeenbeesbeassesreesbeeseeeteeneeaneeaneenneenes 70
Arick Castillo Landero, Diana Dominguillo Ramirez, Aburto Jorge, Elias Martinez-
Hernandez

82f Concept for the Integrated, Quasi-Continuous Production of Crystals — from the First Idea to
the Industrial PIlot Plant ... 71
Timo Dobler, Marco Gleiss, Hermann Nirschl

PROCESS INTENSIFICATION - NOVEL TECHNOLOGIES FOR CARBON CAPTURE AND
CARBON RECYCLING

183a Scale-up of Additively Manufactured Structured Packing Device for CO; Capture ..........ccceevvireiiininnnne 73
Joshua Thompson, Gyoung Gug Jang, Dhruba Jyoti Deka, Amiee Jackson, James E. Parks,
Costas Tsouris

183b A Computational Investigation of the Effect of Packing Structural Features on the
Performance of Carbon Capture for Solvent-Based Post-Combustion Applications...........c.ccevveververerenenennnns 74
Grigorios Panagakos, Yash Girish Shah

183c Reduction in CO»-Absorption Column Height and Process Intensification Facilitated By
Additively Manufactured Intensified Packing DEVICES ........c.civiiieiieiiiiiiiiiec e 75
Dhruba Jyoti Deka, Gyoung Gug Jang, Amiee Jackson, Joshua Thompson, Costas Tsouris

183d Microwave Catalytic Gasification of Mixed Plastics and Corn Stover for Clean Hydrogen
PLOAUCLION ...tttk skttt at bt b e e b e e s bt e R bt e st e e b b e eb e e e bt e ek e e et e ae e eaeeebeeebe e beenbeenbenine s 76
Ashraf Abedin, Xinwei Bai, Mark W. Smith, Pranjali Muley

183e Optimization of Catalytic Biomass Gasification Parameters for Cold Flow in a Bubbling
S DTG 2= 0T ST 78
Kshitij Tewari, Changle Jiang, Brandon Robinson, Debangsu Bhattacharyya, Jianli Hu

183f Lignocellulosic Biomass Valorisation By Technological Coupling of Anaerobic
Digestion/Steam EXPlOSION PTOCESS .........coiiiiiiiiiiiiii e 79
Oumaima Chaib, Esma Ines Achouri, Nicolas Abatzoglou

DECARBONIZATION FOR ALKENE PRODUCTION

104a Solar-Thermal Dehydrogenation of Propane to Propylene ............cccvvviiriiiiieninciesceceeee e 83
Temidayo Ogunjinmi, Alireza Kianimogadam, Conor Waldt, David Hibbitts, Justin Lapp,
Thomas Schwartz



104b Microwave-Assisted, Performance-Advantaged Direct Propane Dehydrogenation.............cccocooeniininene 84
Yeonsu Kwak, Cong Wang, Kavel Chaitanya Ajit, Kewei Yu, Esun Selvam, Reyes Mallada,
Jesus Santamaria, Himanshu Goyal, Ignacio Julian, Jose M. Catala-Civera, Weiqing Zheng,
Dionisios Vilachos

104¢ Reactive CFD Modeling, Experimental Validation and Scale-up of Non-Oxidative Ethane
Dehydrogenation t0 EtRYIENE .........ccocoviiiiiiiii e 85
Jeffrey Weissman, Andre Decarmine, Abhaya Datye, Andrew T. Delariva, Christopher Riley,
Alexander Brown, Erik Spoerke

104d Carbon Membrane Reactor for Alkane Dehydrogenation .............ccocvevierieiiniinene e 87
Lu Liu, Antara Bhowmick, Borja Herndndez Blazquez, Marianthi lerapetritou, Chen Zhang,
Dongxia Liu

DECARBONIZATION FOR METHANOL PRODUCTION

320a Transportable, Modular Plant for Conversion of Stranded Gas to Low-Carbon Methanol ....................... 88
Nicholas Schwartz, Paul Yelvington, Edwin Yik, Anthony Dean, Josh Browne, Kyle Merical,
Andy Randolph

320b Integration Options of Natural Gas Pyrolysis in a Methanol Production Process from
Biomass: Techno-Economic Environmental ANalySis.........ocviviiiieiiiiininiiiseccee e 89
Mohammad Ostadi, Guiyan Zang, Leslie Bromberg, Daniel R. Cohn, Emre Gendger

320c Direct Electrochemical Oxidation of Methane to Methanol on Transition Metal Oxide
)2 [Tets (o e (= TSP 90
Kangze Shen, Ahmed Almunaifi, Carlos Morales-Guio

320d Utilization of Nuscale Voygr Integrated Energy System (IES) for the Production of Green
Methanol and Synthetic Fuels Via Hydrogenation of CO; from Direct Air Capture (DAC).......ccccevvvrinirnnnns 91
Francis Tsang, Jose Reyes

320e Optimal Flexible Power-to-Methanol Processes: With or without Storage?...........c.cccvvevrieiieiieiiinicnenn 94
Simone Mucci, Dominik Bongartz, Alexander Mitsos

320f Decarbonization of Natural Gas to Methanol Conversion Process Using Microwave-Assisted
DY REFOTIMINE ...t e ekt b et ne e r et b et e e e nn e renreane s 96
Omar Almaraz, Srinivas Palanki, Jianli Hu

PROCESS RESEARCH FOR IMPROVED THROUGHPUT AND EFFICIENCY, AND
REDUCED COST

143a Safety and Procedural Enhancements of Flushing Operations in Petroleum Pipelines ............cc.ccocevvenee. 98
Swapana Jerpoth, Barnabas Gao, David Theuma, Sean Curtis, Michael Fracchiolla, Robert
Hesketh, C. Stewart Slater, Mariano J. Savelski, Kirti Yenkie

143b An Experimental Study of Multiple-Phase, High-Temperature, High-Pressure Reactions

between Hydrocarbons and SUITUL ..........cocoiiiiiiii e 100
Peter Koronaios, Hseen Baled, Goetz Veser, Ryan Weber, Nico Proust, Josh Harntraft, Glenn
Cormack, Robert Enick

143¢ Challenges Faced in Upgrade and Expansion Projects of Existing Chemical Facilities...........cc.cccevuenee. 101
Anam Ahmed



143d Understanding the Mixing Mechanisms to Enable Sustainable Manufacturing of Bioinspired
NANOMALETIAIS ...ttt e s
Richard Hodgkinson, Siddharth Patwardhan, Mohamed Ashar Yousuf

143e Increasing Resource Efficiency in Process Engineering on Planetary Roller Extruders By Use
of Scaling Algorithms, CFD-Simulation and Prediction Models ...........cccvviiiiiiciininineseceeeese e
Mario Radwan, Sulamith Christiane Frerich

143f Dsmec Simulation of Axial and Radial Spreading of the Feed Gas in a High Speed Rotating
CYTINART ..ot b e
Sahadev Pradhan

MANUFACTURING TECHNOLOGY IMPROVEMENTS FOR CHEMICAL/ENERGY
INDUSTRIES

231a Integrated Conceptual Design for Helium Recovery from Natural Gas ..........cccooviiiniiinicniinnin
Ying Liu, Qiang Xu

231bChemical Sector Risk Management Agency Resources for Enhanced Security and Resilience
of the Chemical and Petrochemical INAUSIIES ........ccuevieriiiiiiiiiiie et
Ashley Pennington, Janine Mason, Cheryl Louck, Jacob Mehl

231c Batch to Continuous Transition of Large Volume Succinimide Dispersants ............cccoouvvniiininiciennne,
Riddhesh Patel, Nasser Al Azri, Hari Mantripragada, Glenn Cormack, Nico Proust, Robert
M. Enick, Goetz Veser

231d Executable Digital Twin: Bringing Insight from Engineering Simulation to Operations-
Physics Based Simulation, Automation and Machine Learning............cccocevvriiinieiiiniiniincnisese s
Ravindra Aglave, Peter Mas, Thomas Eppinger, Umberto Badiali

231e Optimal Design and Operation of an Ngcc Plant Integrated with Carbon Capture, Hydrogen

Production and Long-Term STOTAZE. ........cciviiriieerieeieiie ettt ar e r e ne e enneas
Zhien Zhang, Stephen Summit, Nishant Vinayak Giridhar, Md Emdadul Haque, Debangsu
Bhattacharyya

231fRemoval of Trace Amounts of Polluting Metals from Concentrated Electrolytic Rock Salt

Solutions By Coagulation, Sedimentation and Ion Exchange ..........ccccccocviiiiiiiiiiiiiii e
Benjamin Csorba, Janos Madardasz, LaszIo Farkas, Renata Zsanett Boros, Andrea Mihalko,
Marcell Csécsi, Ivan Laszlo Gresits

MATERIALS AND PROCESSES FOR WATER PURIFICATION AND DESALINATION

142a Removal of Red Tide Cells (Karenia brevis) and Toxins By Modified Biochar Flocculation..................
Cadianne Chambers, Toufiq Reza

142b Adsorption of Microcystin-LR on Model Hydrochar Studied Using Molecular Simulations ..................
Hemant Nagar, Toufig Reza, Nirupam Aich, Sumit Sharma

142c¢ Exploring the Potential of Porous Iron Electrodes for Enhanced Electrocoagulation and Virus
Removal: Insights from Neutron Computed Tomography and Energy Analysis..........cccoovrerininieiieienencnnens
Gyoung Gug Jang, Kyungho Kim, Shankar Chellam, Costas Tsouris

142d Removing Pfas from Contaminated Water Using Apple Pomace Derived Cationic Cellulose
Nanocrystal Coated FIDIoUS FIlEerS ........cuiiuiiiiiiiiieiieiieise e s
Luis Franco Jr., Thomas Stuart, Md Shahadat Hossain, Bandaru V. Ramarao, Deepak Kumar



142e Selective Removal of Selenium from High-Salinity Wastewater Using Metal-Organic
FIamMEWOTKS ....ooviiiiiiiiicie e e 120
Sweta Modak, Milad Esfahani

142f High Recovery Desalination with a Flexible RO-NF Configuration Operating in the Mode of
Partial Concentrate Recycle with Energy RECOVEIY ........cooiviiiiiiiiiiiiiies e 121
Yakubu Jarma, Beau Akhavain, Yoram Cohen

142g Process Design of a LiBr Absorption Chiller Integrated Hdh-Mee-Mvr System for Zero
Liquid Discharge Seawater Desalination..........cocviiiiiiiiiiiiiiiiiieic e 122
Hasan Nikkhah, Burcu Beykal

DECARBONIZATION FOR AMMONIA PRODUCTION

202a Utilization of Nuscale Voygr NPP Integrated Energy System (IES) for the Production of
DecarbONIZEA AMITIONIA ... ..oiuiiitietieiietie ettt ettt b e bt b e st e esbesbeesbeesbeesbeaabesaseabseabeeabeenbeesbesbeesbeesbeenbeennas 124
Amy Kozel, Francis Tsang, Jose Reyes, Luis Depavia

202b Renewable Ammonia for a Sustainable Energy Future: The Case of Maritime Transportation. ............. 127
Andrea Mio, Elena Barbera, Katerina Cufar, Alessandro Massi Pavan, Alberto Bertucco,
Maurizio Fermeglia

202c Investigation into Thermochemical Looping Process for Sustainable Ammonia Production.................. 128

Grant Bauer, Bharathkiran Maddipudi, Rajesh Shende

DECARBONIZATION FOR HYDROGEN/CHEMICALS PRODUCTION AND CO2
VALORIZATION

277a Durability of Anion Exchange Membrane CO, Electrolyzer When Exposed to Flue Gas ...................... 129
Zengcai Liu, Hongzhou Yang, Michael G. Resch, David Cullen, Richard Masel

277b Comparative LCA for Decarbonization of Petrochemicals Using Electrification, Biomass or

CO2 AS FEEASIOCKS ....viiiiiiiiii it e s 130
Elias Martinez-Hernandez, Juan C Ramos Consuelo, Diana Dominguillo Ramirez, Aburto
Jorge

277¢ High COsconversion to CO Using Reverse Water Gas Shift at Ultra-High Temperatures ...................... 131
Bradley Brennan

277d Multi-Dimensional Modeling of Inductively-Heatedsteam Methane Reforming Reactor ...................... 132

Yufei Zhao, Cornelius Masuku, Chengtian Cui

277e Optimizing Work and Heat Flows in Sustainable Chemical Processes Using Attainable

REGIOMS ...t r et E R bRt R R R e Rt R R Rt nn e en e 133
Diane Hildebrandt, Neil Stacey, James A. Fox, Baraka Celestin Sempuga, Maphala Ephraim
Llane

CHALLENGES AND BEST PRACTICES IN TECHNOLOGY COMMERCIALIZATION 11

168a Risk Mitigation in Process Scale up of Aminopropyl Silicone Intermediates .............ccocvevvererincrenenne. 134
Michael Telgenhoff, Brian Rekken, Xiaoyun (Shawn) Chen



168b How Pilot Testing and Modularization Can De-Risk Technology Commercialization and
OVETAll PrOJECt DIEIIVEIY .....viiviiiiieiiie ittt ettt e et h e b e sb e bt e b e e nb e e s e e s b e e nreenreenneennas
Chris Rentsch

168c¢ Partial-Least-Squares Based Analysis to Manage Risks Identified for a Fluid Bed Wet

GTanUIAtion OPETALION .......coueivirieiiietiet ettt sttt sttt r e h et ees e sr e e R s b e e bt e b e e e e e ne e b e s bt eb e b e et e e nn e nenneenenns
Maitraye Sen, Sydney Butikofer, Shashwat Gupta, Meng Zhao, Adam S. Butterbaugh

168d Digital Materials Engineering for Development of Materials ..........ccooceiiiriinienieiiniesie e
Ravindra Aglave, Flavio Souza, Jan-Willem Handgraaf, Thomas Eppinger

168e When to Stop Additional Attempts in a Particular INnnovation............cccvveiieiininiiieccce e
Darrell Velegol

Author Index





