
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 ISBN: 978-1-63439-051-4 

Pharmaceutical Discovery, 
Development and Manufacturing 
Forum 2013 
 

San Francisco, California, USA 
3 – 8 November 2013 

 

Core Programming Area at the 2013 AIChE Annual Meeting: 
Global Challenges for Engineering a Sustainable Future 



Printed from e-media with permission by: 
 

Curran Associates, Inc. 
57 Morehouse Lane 

Red Hook, NY  12571 
 

 
 

Some format issues inherent in the e-media version may also appear in this print version. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Copyright© (2013) by AIChE 
All rights reserved. 
 
Printed by Curran Associates, Inc. (2014) 
  
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 
 
 
 

(2a) Introduction................................................................................................................................................................................................. 1
Tracy L. Clarke-Pringle 

 

(2b) A Comprehensive Mathematical Model of Vinylidene Fluoride Emulsion Polymerization in a Semi-Batch 
Reactor................................................................................................................................................................................................................. 2

Costas Kiparissides, Prokopis Pladis, Aleck Alexopoulos 
 

(2c) A Multidimensional Spectroscopy Approach for Protein Characterization ........................................................................................ 3
Luis H. Garcia-Rubio 

 

(2d) Could Polymers Detect Volatile Organic Compounds (VOCs)? ........................................................................................................... 4
Alexander Penlidis 

 

(2e) Development and Comparison of Approximate Maximum Likelihood Methods for Parameter Estimation in 
Continuous Dynamic Models With Stochastic Disturbances ........................................................................................................................ 5

Kim B. McAuley, Hadiseh Karimi 
 

(2f) Comparison of Statistical & Mechanistic Models for Batch Process Monitoring................................................................................ 6
Paul Nomikos 

 

(26a) Assessing the Relative Merits of Pharma Reactions in Flask Vs Flow ............................................................................................... 7
Donna G. Blackmond 

 

(26b) Process Intensification of Gas-Liquid-Solid Reactions in the Production of Fine Chemicals With Milli Packed 
Bed Reactors ....................................................................................................................................................................................................... 8

Robert Langsch, Anne Mueller, Stefan Haase, Ruediger Lange 
 

(26c) Scale-Up of Oxidation of Alcohols and Aldehyde Utilizing Bleach and Phase Transfer Catalysis (PTC).................................... 12
Yanjie Zhang, Stephen Born, Klavs F. Jensen 

 

(26d) Use of Modeling and Mechanistic Thinking to Aid Development of a Pd Catalyzed Amination Reaction; 
Understanding the Mechanism, Oxygen Sensitivity, and Impurity Formation ........................................................................................ 13

Jeremy Merritt, Jared Fennell, Mark Pietz, Neil Kallman, Jonas Y. Buser 
 

(26e) Robust Hydrogenation Catalyst Selection for Manufacturing of a Pharmaceutical Intermediate: A Kinetic 
Based Approach ................................................................................................................................................................................................ 14

Dimitri Skliar, Nicolas Cuniere, Shawn Brueggemeier, Martin Eastgate, Srinivas Tummala 
 

(26f) Development of a Biphasic Organic Solvent System to Broaden the Substrate Range of the Phenylalanine 
Amine Dehydrogenase ..................................................................................................................................................................................... 15

Samantha Au, Bettina Bommarius, Andreas S. Bommarius 
 

(26g) Experimental Study and Model of Reaction Kinetics of Synthesis of Methacrylic Anhydride ..................................................... 16
Changshen Ye, Zhixian Huang, Ting Qiu, Hongxing Wang 

 

(14a) Experiences and Lessons Learned From Collaborating With Jfm ................................................................................................... 17
Fred Bourg 

 

(14b) 20 Years of Applying John Macgregor's Ideas ................................................................................................................................... 18
Marc Champagne 

 

(14c) Multivariate Image Analysis and Regression (MIA/MIR) in the Process Industries...................................................................... 19
Carl Duchesne, J. Jay Liu 

 

(14d) Multivariate Latent Variable Modeling Across the Lifecycle of a Product ..................................................................................... 20
Salvador García-Muñoz, Koji Muteki 

 

(14e) Dealing With Missing Data and Synchronization Issues in Batch Process Monitoring.................................................................. 21
Alberto Ferrer 

 

(14f) Some Perspectives On the Impact of BIG Data On Process Systems Engineering .......................................................................... 22
John Macgregor 

 

(39a) Towards Personalized Therapy. Biomolecular Complexities Beyond Gene Expression................................................................ 23
Doraiswami Ramkrishna 

 

(39b) A Perspective On the Use of Mechanistic Models Alongside Statistical Design of Experiments to Define a 
Design Space in Drug Substance..................................................................................................................................................................... 24

Jean W. Tom 
 

(39c) The Impact of Modeling in Drug Product and Process Development............................................................................................... 25
Jon Hilden 

 

(39d) Application of Single Use Technologies in Large Molecule Development and Manufacture and the 
Consequences for Large Molecule QbD......................................................................................................................................................... 26

Gregory Frank 
 

(144a) Tales From the Trail: A Continuing QbD Journey .......................................................................................................................... 27
John Lepore 

 

(144b) Quality By Design Pilot to Reality: The Honeymoon Phase ............................................................................................................ 28
Mary T. Am Ende 

 

(144c) Quality By Design Pilot To Reality: The Stormy Years ................................................................................................................... 29
Christine Seymour, Mary T. Am Ende 

 

(144d) Road to the Promised Land of QbD: Informatics and Modeling Challenges................................................................................ 30
Venkat Venkatasubramanian 

 

(144e) Process Understanding in the Context of QbD: Current Approaches and Desired State ............................................................ 31
Johannes G. Khinast 

 



(144f) Quality By Design for Drug Substance Development – An Industry Perspective.......................................................................... 32
Srinivas Tummala 

 

(144g) Quality be Design and Regulatory Science: An Academic Perspective .......................................................................................... 33
Henry Y Wang 

 

(144h) Why Are We So Risk Adverse? .......................................................................................................................................................... 34
Adam Fermier, James Weber, John Cunningham, Steve Mehrman, Eugene Schaefer, Kris Barnthouse, Alison Harkins, Brett 
Hanna, Matej Janovjak, Walter Cedeno 

 

(178a) A Novel Computational Oral Absorption Simulation Tool to Integrate API Crystal Properties and Drug 
Product Design Attributes to in Vitro and in Vivo Performance................................................................................................................ 35

Kazuko Sagawa, Ravi M. Shanker, Rong Li, Kaoutar Abbou Oucherif, Dan Braido, Filipe Calado, Sean K. Bermingham 
 

(178b) Differential Diagnosis of Primary Hyperparathyroidism and Extent of Progression Through Short-Term 
Calcium Loading .............................................................................................................................................................................................. 36

Christopher R. Christie, Luke E. K. Achenie, Babatunde A. Ogunnaike 
 

(178c) Polymer Inhibition of Crystal Growth for Improved Drug Solubility ........................................................................................... 37
Caitlin Schram, Stephen Beaudoin, Lynne Taylor 

 

(178d) Experiences in the Corporate-Wide Deployment of Advanced Modeling Technology: Making the 
Complicated Look Simple, But No Simpler Than That!.............................................................................................................................. 38

Salvador García-Muñoz, Paul Schmitz 
 

(178e) Study of GW786034 Crystallization Kinetics in Pazopanib Eye Drop ........................................................................................... 39
Wenning Dai 

 

(178f) Quality By Design in Integrated Processes: From Drug Substance to Drug Product ................................................................... 40
Marco Gil, Filipe Gaspar, Nuno Matos 

 

(178g) Concomitant Co-Crystallization On Engineered Surfaces .............................................................................................................. 41
Xingyi Shi, Shin Yee Wong, Xiaochuan Yang, Allan S. Myerson 

 

(194a) Nanoparticle-Assisted, Mechanism-Based Combination Photodynamic and Irinotecan Therapy for 
Pancreatic Cancer ............................................................................................................................................................................................ 43

Huang-Chiao Huang, Srivalleesha Mallidi, Zhiming Mai, Ruth Goldschmidt, Imran Rizvi, Joyce Liu, Chun-Te Chiang, Tayyaba 
Hasan 

 

(194b) Structure of Myoglobin Confined in Nanoporous Silica .................................................................................................................. 45
Justin Siefker, Margarita Krutyeva, Ralf Biehl, Marc-Olivier Coppens 

 

(194c) Investigation of the Drug Distribution Within Nanoparticles By Transmission Electron Microscopy (TEM) ......................... 46
Tyler Gjersee, Xi Zhan, Christina Yacoob, Liguo Wang, Hong Shen 

 

(194d) An Ex Vivo Human Plaque Model for the Design of Amphiphilic Nanoparticle-Based Therapeutics for the 
Management of Atherosclerosis ...................................................................................................................................................................... 47

Latrisha K. Petersen, Adam W. York, Kyle R. Zablocki, Claire Fan, Daniel R. Lewis, Kathryn E. Uhrich, Robert K. Prud'Homme, 
Paul B. Haser, Alan M. Graham, Prabhas V. Moghe 

 

(194e) Design of a Targeted Delivery System Based On Antioxidant-Loaded Biodegradable Nanoparticles for 
Neuroprotection in Cell Culture Model of Neurological Disease ................................................................................................................ 48

Timothy Brenza, Shivani Ghaisas, Julia Vela-Ramirez, Feng Jia, Vellareddy Anantharam, Anumantha Kanthasamy, Balaji 
Narasimhan 

 

(194f) Effect of Ultrasound and Emulsion On Release of Paclitaxel From Eliposomes ........................................................................... 49
Marjan Javadi, William G. Pitt 

 

(194g) Immunostimulating Effect of Ginseng Polysaccharide Nanoparticles On Macrophage Cell Lines ............................................ 50
Kazi Farida Akhter, Paul A. Charpentier, Edmond Lui 

 

(230a) Chromatographic Scale-Up On a Volume Basis ............................................................................................................................... 51
Ernst B. Hansen 

 

(230b) Measurement, Prediction, and Control of the Physical Stability of a Hygroscopic API .............................................................. 52
P Boehmcke, Nathan Domagalski, Jose E. Tabora 

 

(230c) The Application of Advanced Control and Model Based Strategies to Biopharmaceutical and 
Pharmaceutical Processes ................................................................................................................................................................................ 53

Mark Barrett, Jessica Whelan, Miriam Carr, Brian Glennon 
 

(230d) Modeling of the Secondary Drying and the Fate of Organic Solvents for Spray Dried Dispersion (SDD) 
Product............................................................................................................................................................................................................... 54

Daniel Hsieh, Hongfei Yue, Sarah Nicholson, Daniel Roberts, Richard Schild, John Gamble, Mark Lindrud 
 

(230e) Complex Fitness Diagrams and Downstream Processing ................................................................................................................ 55
Edwin N. Lightfoot 

 

(230f) Bilayer Tablet Compaction: Translation From a Single Stage Compaction Simulator to a Rotary Press ................................. 56
Jasmine M. Rowe, Keirnan Lamarche, Brian Carroll, Preetanshu Pandey, Ganeshkumar A. Subramanian, Faranak Nikfar 

 

(260a) Applications of Modeling and Simulating Moisture Profiles During Fluid Bed Granulation Process 
Development...................................................................................................................................................................................................... 59

Steve Mehrman, John Cunningham, Eric Sanchez, Mauricio Futran, Terry Murphy, James Weber, Adam Fermier, Ray Boucher, 
Andrew Skalkin 

 

(260b) Understanding Micro Environmental Thermodynamics of Tablet Coating Process Using Data Logger – 
Case Studies....................................................................................................................................................................................................... 60

Ganeshkumar A. Subramanian, Preetanshu Pandey, Jiangning Ji, Shruti Gour, Brian Zacour 
 

(260c) An Integrated Model for the Thermodynamics of the Film Coating Operation the Mixing Phenomena in the 
Drum and the Distribution of Properties in the Coated Tablet .................................................................................................................. 61

Salvador García-Muñoz, Alejandro Cano, Jianfeng Li, Daniel O. Blackwood, Alfred Berchielli 
 

(260d) Experimental and Theoretical Study of Tablet Flow in a Lab Scale Pan Coater ......................................................................... 62
Gregor Toschkoff, Peter Böhling, David Johnson, Jennifer Sun, Alan R. Silverman, Georg Scharrer, Johannes G. Khinast, Pavol 
Rajniak 

 



(260e) Use of Mechanistic Modeling to Understand Tablet Die Filling ...................................................................................................... 64
Rj Byron Smith, Atul Dubey, Fernando J. Muzzio, Damodaran Vedapuri 

 

(260f) Application of Fracture Mechanics Model for the Characterization of Bilayer Tablets .............................................................. 65
Niranjan Kottala, Admassu Abebe, Omar L. Sprockel, Ilgaz Akseli, Faranak Nikfar, Alberto Cuitino 

 

(316a) Formation of Poly(Ů-caprolactone) Nanoparticles in Microstructured Mixers Via Solvent Replacement 
Precipitation: Fundamental Studies and Scale-Up Concepts ...................................................................................................................... 66

Andreas Kölbl, Abdul Qayyum, Manfred Kraut, Roland Dittmeyer 
 

(316b) Bioreactor Simulation With Cuda ...................................................................................................................................................... 67
Christian Witz, Tawan Tantikul, Johannes G. Khinast 

 

(316c) Characterization of Kla Using Definitive Screening Designs for Fermentation Development and Scale-Up ............................ 69
Dogan Ornek, Rayford Anderson, Michelle Chopra, Wenglong Lin, Philip Ramsey 

 

(316d) Scaling Down the Production of Biopharmaceuticals to Continuous Micro-Chips ...................................................................... 70
Mario M. Alvarez, Leydi Maribel Carrillo-Cocom, Lucía D. Garza-García, Eduardo J. Tapia-Mejía, Sergio Camacho-León, Ciro 
Angel Rodríguez-González, Erika García-López 

 

(316e) Computing Dissolved Oxygen Profiles in Aerobic Fermenters ....................................................................................................... 71
Gopal Kasat, Damodaran Vedapuri, Gregory Benz 

 

(316f) Hydrodynamic Effects of An Arch-Shaped Fiber Optic Probe in a USP Dissolution Testing Apparatus 2 ............................... 72
Yiran Zhang, Gerard Bredael, Piero M. Armenante 

 

(317a) Modelling the Manufacturing Process and Product Performance of Roller Compacted Pharmaceutical 
Tablets................................................................................................................................................................................................................ 73

Emmanuela Gavi, Gavin K. Reynolds, Mark A. Pinto, Sean K. Bermingham 
 

(317b) Modeling Drug Precipitation in the Human Gastrointestinal Tract Using gCOAS ..................................................................... 75
Kaoutar Abbou Oucherif, Jennifer Lu, Sean K. Bermingham, Dan Braido, Filipe Calado, Lynne Taylor, James D. Litster 

 

(317c) A Molecular Design Approach for Drug Tablet Formulation and Impact On Personalized Medicine ...................................... 77
Naresh Pavurala, Luke Achenie 

 

(317d) An Optimization-Based Strategy to Handle Missing Data in Partial Least Squares.................................................................... 78
Eranda Harinath, Salvador García-Muñoz, Lorenz T. Biegler 

 

(317e) Quantitative Structure Retention Relationship (QSRR) Models in An Analytical Quality By Design 
Framework: Simultaneously Accounting for Compound Properties, Mobile Phase Conditions and Stationary 
Phase Properties ............................................................................................................................................................................................... 80

Koji Muteki, James. E Morgado, George L. Reid, Jian Wang, Gang Xue, Frank Riley, Jeffrey. W Harwood, David. T Fortin, Ian. J 
Miller 

 

(317f) Case Study: Model-Based Chromatography Process Development ................................................................................................ 81
Stephen Hunt, Robert Todd, Tom Belval, Kevin Tolley, Trent Larsen 

 

(343a) Improving the Robustness of a Pharmaceutical Crystallization Process ....................................................................................... 82
Alexander J. Marchut, Fredrik L. Nordstrom, Ketan Patel, Lakshmi Bhagavatula 

 

(343b) Development of An API Micronization Design Space Using a Design of Experiments Approach.............................................. 83
Brian P. Chekal, Gregory S. Steeno 

 

(343c) Model Based Design of Experiments for Pharmaceutical Process Development .......................................................................... 84
Jacob Albrecht, Jun Li 

 

(343d) Application of in-Situ Raman Spectroscopy in Monitoring the Dynamic Trends of Polymorphic 
Transformation and Hydrogenation Reaction .............................................................................................................................................. 85

Haitao Zhang, Robert J. Prytko, Mike Sizensky, Kostas Saranteas 
 

(343e) Application of Combined Experimental and Modeling Approach to Understand pH Driven Reactive 
Crystallization ................................................................................................................................................................................................... 86

Shankar Vaidyaraman, Edward Conder, Gregory Brown, Angela Stack, Michael Phillips, Shekhar Viswanath, Eric Moher 
 

(343f) Model Based Development and Validation of a Preparative Size Exclusion Chromatography Step .......................................... 87
Ernst B. Hansen, Thomas B Hansen, Lars Sejergaard 

 

(344a) Manufacturing of Low Fill Weight Capsules Using a Nozzle Dosator Capsule Filling Machine ................................................ 89
Marcos Llusá, Eva Faulhammer, Marlies Fink, Georg Scharrer, Vittorio Calzolari, Stefano Biserni, Simon Lawrence, Massimo 
Bresciani, Johannes G. Khinast 

 

(344b) Drug-On-Demand: A Mini-Manufacturing Method Using Drop-On-Demand Technology........................................................ 93
Laura Hirshfield, Gintaras V. Reklaitis, Arun V. Giridhar, Michael T. Harris 

 

(344c) Supervisory Control of a Drop-On-Demand Mini-Manufacturing System for the Production of 
Pharmaceuticals................................................................................................................................................................................................ 94

Elçin Içten, Zoltan K. Nagy, Gintaras V. Reklaitis 
 

(344d) Application of Johanson Model Calibrated With Instrumented Roll Data for Roller Compaction Process 
Development and Scale Up .............................................................................................................................................................................. 95

Vishwas Nesarikar 
 

(344e) Parametric Analysis of Fluidized Bed Drying of Pharmaceutical Materials ...............................................................................101
Xue Liu, Fernando Muzzio, Johannes G. Khinast, Benjamin Glasser 

 

(344f) Linking Powder Bed Heterogeneities to Tableting Performance ..................................................................................................102
Ilgaz Akseli, Nadia Ladyzhynsky, Xiaorong He, Rich Deanne 

 

(404a) Application of QbD Principles for Tablet Coating Process Development, Scale-Up, and Transfer .........................................103
Bei Chen, Brian C. Anderson 

 

(404b) Overall Elegance Assessment for a Solid Oral Dosage Form Using Multivariate Image Analysis and 
Multivariate Texture Analysis ......................................................................................................................................................................104

Matteo Ottavian, Salvador García-Muñoz, Massimiliano Barolo 
 



(404c) Rapid Process Development of Chromatographic Process Using Direct Analysis in Real Time Mass 
Spectrometry As a Process Analytical Technology (PAT) Tool ................................................................................................................105

Binjun Yan, Teng Chen, Haibin Qu 
 

(404d) Measurement Of The Effect Of Total Shear and Compaction Force On Tablet Properties Using Terahertz 
Pulsed Spectroscopy: Towards The Prediction Of Dissolution Rate ........................................................................................................107

Pallavi Pawar, Mark Sullivan, David Heaps, Edward King, Yifan Wang, Wiphusanee Dendamrongvit, Alberto Cuitino, Fernando J. 
Muzzio 

 

(404e) Implementation of Advanced Hybrid MPC-PID Control System Into a Continuous Pharmaceutical Tablet 
Manufacturing Pilot-Plant.............................................................................................................................................................................108

Ravendra Singh, Abhisheck Sahay, Paul Brodbeck, Marianthi Ierapetritou, Rohit Ramachandran 
 

(404f) Real Time Process Management in a Continuous Pharmaceutical Manufacturing Process ......................................................109
Anshu Gupta, John S. Austin, Zoltan K. Nagy, Gintaras V. Reklaitis 

 

(406a) Rapid Process Development of a Pharmaceutical Intermediate for a Late-Stage Compound ..................................................111
Aaron M. Chockla, Tamas Benkovics, Brenda Remy, Chris Sfouggatakis 

 

(406b) Development of a pH Driven, Reactive Crystallization of a Pharmaceutical Compound ..........................................................112
Andrew S. Cosbie, Seth Huggins, Tedrow Jason, Henry Morrison 

 

(406c) Development of Controlled Agglomeration During Vacuum Agitated Filter Drying for An Active 
Pharmaceutical Ingredient ............................................................................................................................................................................113

Michelle Staben Wobker, Dennis Ward, Peter R. Hamilton, R. Rahn McKeown 
 

(406d) Perfusion Cultivation Processes for Monoclonal Antibody Production in Animal Cell Culture Technology: 
Cell Separation, Critical Challenges and Solutions ....................................................................................................................................114

Elsayed Ahmed Elsayed, Mohammad A. Wadaan 
 

(406e) Optimal Design of Antibody Downstream Process of Biopharmaceutical Manufacturing........................................................115
Songsong Liu, Ana S. Simaria, Suzanne S. Farid, Lazaros G. Papageorgiou 

 

(406f) An Integrated PAT Approach for a Lab Scale Bioreactor IgG3 Cell Culture Process Real Time Monitoring: 
A Feasibility Study .........................................................................................................................................................................................116

Huiquan Wu 
 

(465a) Continuous Operations in Pharmaceutical Solid Dosage Form Manufacturing: Dry Granulation Case Study .....................117
Arwa El Hagrasy, Arun V. Giridhar, Ariel Muliadi, John S. Austin, Anshu Gupta, Matthew Louvier, Timothy J. Patterson, Petrus 
Geldenhuis, Michael T. Harris, Carl R. Wassgren, Zoltan K. Nagy, Gintaras V. Reklaitis, James D. Litster 

 

(465b) Application of An Advanced Process Controller to a Continuous Mixing, Direct Compression Process ................................118
Daniel O. Blackwood, John Mack, Salvador García-Muñoz, Yang A. Liu, Koji Muteki 

 

(465c) Continuous Manufacturing Traceability for Pharmaceutical Products.......................................................................................119
William E. Engisch, Fernando J. Muzzio 

 

(465d) Optimized Startup and Shutdown Strategies for Continuous Pharmaceutical Manufacturing ...............................................120
Matthew Louvier, Arun V. Giridhar, Gintaras V. Reklaitis, Zoltan K. Nagy 

 

(465e) Economic Analysis of Batch Vs. Continuous Processing for a Direct Compression Product ....................................................122
Robert F. Meyer, Ronnie Feng, Leslie Krone-Speck, Catherine Macconnell, Scott D. Reynolds, Jim Velez 

 

(465f) Applying Economic Analysis in the Evaluation of Batch Versus Continuous Manufacturing for Oral Solid 
Dosage Forms ..................................................................................................................................................................................................124

Simon D. Fraser, Diana Dujmovic, Johannes G. Khinast 
 

(466a) A Continuous Flow Grignard At Scale.............................................................................................................................................125
Sylvia O. Nwosu, Martin D. Johnson, Jonathan J. Adler, John P. Schafer, Timothy M. Braden, Mark S. Kerr, Kevin D. Seibert, 
Michael Kopach 

 

(466b) Packed-Bed Hydrogenolysis: A Multi-Scale Study.........................................................................................................................126
Nikolay Zaborenko, Ryan J. Linder, Bradley M. Campbell 

 

(466c) Design and Scale-Up of the Continuous Reactive Crystallization of An API ..............................................................................127
Christopher S. Polster 

 

(466d) Use of Continuous Msmpr Crystallization With Integrated Nanofiltration Membrane Recycle for Enhanced 
Yield and Purity in API Crystallization.......................................................................................................................................................128

Steven T. Ferguson, Franziska Ortner, Justin Quon, Ludmila G. Peeva, Bernhardt L. Trout, Andrew Livingston, Allan S. Myerson 
 

(466e) Model-Predictive Control Strategies for Improved Bioprocess Performance .............................................................................130
Brian Glennon, Jessica Whelan, Mark Barrett 

 

(466f) Small Scale Media Optimization for Continuous Culture – Effect On Cellular Metabolism.....................................................131
Daniel Karst, Massimo Morbidelli, Miroslav Soos 

 

(503a) Selection and Crystallization Development of a Practical Salt Form for a Pharmaceutical Compound .................................132
Bing-Shiou Yang, Zhibin Li, Mo Jiang, Soojin Kim, Xiaojun Wang, Nathan Yee, Chris Senanayake 

 

(503b) In-Situ Monitoring of Resolution of Chiral Compounds Using Process Analytical Technology...............................................133
Zhen Chen, Yuan Gao, Yongli Wang, Qiuxiang Yin, Meijing Zhang, Baohong Hou, Hongxun Hao 

 

(503c) A Model for Crystal Growth for Solids Crystallizing From Solutions Containing Multiple Conformers and 
Evidence of Growth Inhibition By the “Wrong Conformer” ....................................................................................................................135

Lotfi Derdour, Chandrasekar Sivakumar, Dimitri Skliar, Shawn Pack, Chiajen Lai, James Vernille, San Kiang 
 

(503d) API Particle Engineering for Drug Substance: Crystallization & Wet Milling to Control API Powder 
Properties ........................................................................................................................................................................................................136

Richard Schild, Joshua D. Engstrom, Mario Hubert, John Jones, Xinhua Qian, Yongmei Wu, Michael Leane, John Gamble, Steve 
S. Y. Wang 

 

(503e) Hysteresis in Solid-Liquid Suspensions in Optimax®: Using CFD Simulations and Experiments With 
FBRM...............................................................................................................................................................................................................137

Sreepriya Vedantam, Vivek V. Ranade 
 



(503f) Development of a Model for Anisotropic Crystal Growth From Solutions ..................................................................................140
Lotfi Derdour, Eric J. Chan 

 

(503g) A Straightforward Technique to Control the Oxidation of Amorphous Cobalt Nanoparticles During 
Synthesis Using DMSO ..................................................................................................................................................................................141

Jennifer N. Duggan, Christopher B. Roberts, Anurag Chaturvedi, Takao Suzuki 
 

(536a) Crystallization of L-Ascorbic Acid in a 18-L Airlift Crystallizer..................................................................................................142
Richard Lakerveld, Jeroen Van Krochten, Fatemeh Anisi, Andrzej I. Stankiewicz, Herman J. M. Kramer 

 

(536b) Mathematical Modeling and Analysis of Cooling Crystallization within Dual-Impinging-Jet Mixers ....................................144
Mo Jiang, Richard D. Braatz 

 

(536c) Tailoring Desired Powder Properties in Pharmaceutical Development By Crystal Engineering .............................................146
Chenchi Wang, Michelle Mahoney, Zhongping Shi, Steve Wang, Steven Chan, Brenda Remy, Chris Sfouggatakis, Chiajen Lai 

 

(536d) Morphology Control Through Cycles of Particle Breakage, Dissolution and Growth...............................................................147
Meenesh R. Singh, Hsien-Hsin Tung, Shailendra Bordawekar, Doraiswami Ramkrishna 

 

(536e) Controls of Transformation Between Amorphous and Crystal Ceftiofur Free Acid..................................................................148
Yuan Gao, Jingkang Wang, Yongli Wang, Qiuxiang Yin, Hongxun Hao 

 

(536f) NIR-Based Process Understanding of Anti-Solvent Cocrystallization Between Carbamazepine and 
Saccharin .........................................................................................................................................................................................................149

Guang J. Choi 
 

(548a) Improvement of Cell-Freezing Technologies and Disposable Bioreactors: Toward a Fully Closed USP 
Process? ...........................................................................................................................................................................................................150

Sebastien Ribault 
 

(548b) Effect of Anti-Apoptosis Genes On Clarification Performance ....................................................................................................151
Ajish Potty, Anthony Dileo, Alex Xenopoulos 

 

(548c) Process Development Comparison of Single Use Clarification Technologies for Mammalian Cell Cultures 
Utilizing a Conventional Two-Stage Depth Filtration, a New Optimized Depth Filter and a Novel Single-Use 
Fluidized Bed Centrifuge With Depth Filtration ........................................................................................................................................152

Juan C. Castano, Matthew M. Westoby, Sanaa Elouafiq, Devin McCann 
 

(548d) Impurity Removal in a Mab Process Using Depth Filtration Following Protein A ....................................................................153
John Schreffler, Matt Bailley, Erick Wiltsie, Tom Klimek 

 

(548e) Integrated Reaction Modeling and Process Evaluation in the Development of Bioconjugation Technology 
Platform ...........................................................................................................................................................................................................154

Sa V. Ho, John J Buckley, Sydney Hoeltzli, Chandra Gamlath, Mark Pozzo 
 

(548f) Implementing a Flexible Recipe Management Strategy for Development of Biopharmaceuticals............................................155
Alison Harkins, Adam Fermier, Richard Yeager 

 

(569a) Scale-Up of the Roller Compaction Process: A Practical and Dimensionless Approach ...........................................................156
Jasmine M. Rowe, John R. Crison, Thomas Carragher, Nipa Vatsaraj, Ryan McCann, Faranak Nikfar 

 

(569b) Extrusion Simulation and Its Application to Process Scale-Up ....................................................................................................157
Ying Zhu, Bei Chen, Brian C. Anderson 

 

(569c) Scaling Particle Dynamics in Rotating Drum Coaters....................................................................................................................158
Rahul Kumar, Carl R. Wassgren, Jason Ban 

 

(569d) Process Monitoring of a Full Continuous Pharmaceutical Tabletting Line: Mass & Energy Balance Analysis.....................159
Séverine T. F. C. Mortier, Ingmar Nopens, Thomas De Beer, Krist V. Gernaey 

 

(569e) Use of Design of Experiments (DoE) and Empirical Modeling in Liquid-Liquid Extraction Design Space 
Development....................................................................................................................................................................................................161

Glenn Ferreira, Daniel Hallow, Michaël Fenster, Brendan C. Mack, Sha Lou, Nathan Domagalski, Lindsay Hobson 
 

(569f) Modelling of Fluid Bed Drying At Different Production Scales in Pharmaceutical Drug Manufacture ..................................162
Xiaorong He, Mark Pinto 

 

(586b) Bioproduction and Formulation Patents - Opportunities and Challenges for Biotherapeutic Development ..........................163
Paul Calvo 

 

(586c) Selection of Polymorphic Forms Via Continuous Kinetically Controlled Msmpr Crystallization............................................164
Steven T. Ferguson, Tsai-Ta Chris Lai, Laura Palmer, Bernhardt L. Trout, Allan S. Myerson 

 

(586v) An Effective and Facility Compatible Cleaning in Place (CIP) Procedure for Affinity Resin in Monoclonal 
Antibody (Mab) Purification .........................................................................................................................................................................165

Lu Wang, Jill Dembecki, Neil Jaffe, Hui Cai, Colleen Sparks, Jian Zhang, Sarah Laino, Reb Russell, Michelle Wang 
 

(586d) Operational CO2 Recycling Study On a Preparative Supercritical Fluid Chromatography System.......................................166
John Whelan, Ziqiang Wang, John Baugher 

 

(586w) Assessing the Relative Cleanabilities of Bioprocess Soils ..............................................................................................................167
Joseph Wood, Adeyma Arroyo 

 

(586a) Development and Evaluation of Nanostructured Formulations Containing 8-Methoxalen ......................................................168
Thais Barradas, K. Gyselle Silva, Ana Paula De Sá Pinto, Claudia E. Mansur 

 

(586ab) An In-Silico Approach for Investigating Molecular Interactions in Carbohydrate-Water Mixtures ....................................169
Jasmine Gupta, Cletus Nunes, Sriramakamal Jonnalagadda 

 

(586ac) Effect of Plasticizer On Glass Transition Temperature of Amorphous Pharmaceuticals - A Computational 
Study ................................................................................................................................................................................................................171

Jasmine Gupta, Cletus Nunes, Sriramakamal Jonnalagadda 
 

(586r) Simulation and Global Sensitivity Analysis of Pharmaceutical Processes for Solid Drug Manufacture..................................172
Amanda Rogers, Marianthi G. Ierapetritou, Chaitali Inamdar 

 

(586f) Using On-Line Mass Spectrometry to Predict the End Point During Drying of Pharmaceutical Products .............................175
Aditya G. Dodda, Kostas Saranteas, Michael A. Henson 

 



(586ad) Effect of Double Layer Formulation On Crystallization of Naproxen/Polyethylene Glycol Dispersion 
System ..............................................................................................................................................................................................................176

Hsin-Yun Hsu 
 

(586ae) Disposable Bags in Biopharmaceutical: Approaches to Storing Difficult Solutions .................................................................177
Kate Lee, Ekta Mahajan, Adeyma Arroyo 

 

(586h) Operational Aspects Of Continuous Pharmaceutical Production ................................................................................................178
Aleksandar Mitic, Krist V. Gernaey, Kim Dam Johansen, Tommy Skovby 

 

(586i) Optimal Antisolvent Addition Profile in a Continuous Plug Flow Crystallizer Through Population Balance 
Based Multi-Objective Optimization............................................................................................................................................................180

Aniruddha Majumder, Bradley J. Ridder, Zoltan K. Nagy 
 

(586j) Dynamic Modeling of Encrustation and Mitigation Strategies in a Continuous Plug Flow Crystallizer..................................181
Aniruddha Majumder, Zoltan K. Nagy 

 

(586g) Process Optimisation of Chromatography Units Using First Principles Modelling Techniques ..............................................182
Amy J Green, Elaine Martin, Graham McCreath 

 

(586k) Chemoenzymatic Synthesis of Heparin for a Safer Bioengineered Alternative ..........................................................................183
Ujjwal Bhaskar, Bo Yang, Li Fu, Majde Takieddin, Fuming Zhang, Shaker A. Mousa, Jian Liu, Jonathan S. Dordick, Robert J. 
Linhardt 

 

(586l) Implementation of a Novel Inline Particle Size Measurement Tool to Monitor Pellets Produced By Hot Melt 
Extrusion and Die Face Pelletizing ...............................................................................................................................................................184

Daniel Treffer, Patrick Wahl, Theresa Hörmann, Daniel Markl, Andreas Eitzlmayr, Simone Schrank, Gerold Koscher, Eva 
Roblegg, Johannes G. Khinast 

 

(586s) Characterization of Solid-State Forms and Phase Transformations of Clindamycin Phosphate ..............................................185
Ranyuan Ran 

 

(586m) Soft-Sensors: Efficient PAT Tools for Bioprocess Development Along QbD Principles...........................................................186
Patrick Sagmeister 

 

(586ag) Evaluation of Film Coated Tablet Surface Roughness Via a Latent Variable Design-of-Experiments (DOE) .....................190
James E. Miesle, Leo Manley 

 

(586af) Model Based Robustness Analysis of An Industrial Ion Exchange Step.....................................................................................191
Thomas B Hansen, Ernst B. Hansen 

 

(586x) Rate-Based Information Processing Approaches for Bioprocess Development Along QbD Principles ...................................192
Patrick Sagmeister 

 

(586n) In-Line Monitoring of a Fluid-Bed Coating Process With Optical Coherence Tomography ....................................................194
Stephan Sacher, Daniel Markl, Günther Hannesschläger, Michael Leitner, Johannes G. Khinast 

 

(586ah) Novel Approach for Stabilizing Physical Form of a Drug Substance in Tablet Formulations................................................195
Cletus Nunes, Dilbir Bindra, Madhushree Gokhale, Ajit Thakur 

 

(586o) Design of An Efficient Control System for Flexible Continuous Tablet Manufacturing Process .............................................196
Ravendra Singh, Abhisheck Sahay, Marianthi Ierapetritou, Rohit Ramachandran 

 

(586ai) Scale Up of the Chromatographic Process......................................................................................................................................198
Steffen Kidal, Ernst B. Hansen 

 

(586t) Continuous Direct Compaction As a Manufacturing Route for Highly Segregating Blends .....................................................199
Sarang Oka, Abhishek Sahay, Fernando Muzzio 

 

(586aj) Development of a Robust Film Coating Process: The Impact of Wetting Dynamics On the Film Stress - 
Film Adhesion Balance ..................................................................................................................................................................................200

Jennifer (Ho) Sun, Joanne Lu, Stephen L. Conway, Eric Seymour, W. Mark Eickhoff 
 

(586u) Design of An Interface for Integrating PAT Tools in Continuous Manufacturing for in-Line Real Time 
Sensing .............................................................................................................................................................................................................201

Abhishek Sahay, Eric Jayjock, Eric Sanchez, Rodolfo J. Romañach, Fernando J. Muzzio 
 

(586y) Near-Infrared Spectroscopy for Predicting Dry Granulated Ribbon Density: Effect of Modeling Approach, 
Chemical Composition, and Spectroscopic Signature On Calibration Model's Performance ..............................................................202

Sameer Talwar, Cletus Nunes, Timothy Stevens, Vishwas Nesarikar, Peter Timmins, Carl A. Anderson, James K. Drennen 
 

(586z) Virtual High-Throughput Screening By Multi-Dimensional Characterization Techniques ......................................................204
Robert Herring, Mario Richard Eden 

 

(586ak) An Alternate Coating Method for Tablets: Wurster Technology...............................................................................................205
Howard Stamato, Steve Pafiakis, Rekha Keluskar, Christopher Levins, Kyle Martin, Shujie Lin, Wei Chen, John Fiske, Ravi 
Tejwani, Peter Timmins 

 

(586p) Optimization of Protein Pegylation ..................................................................................................................................................206
Xiaojiao Shang, Brandon Corbett, Prashant Mhaskar, Raja Ghosh 

 

(586am) Feasibility of Spray Dried Dispersion (SDD) Based Low Dose Tablet Formulation ...............................................................207
Peter Ferrie, Cletus Nunes, Jay Poorna Reddy, Andrew Dennis, Elizabeth Banks, Patrick Wray, John Gamble, Howard Stamato, 
Peter Timmins 

 

(586aa) Consistent Freezing of Bulk Protein Solutions - the Importance of Heat Flow Direction........................................................210
Miguel A. Rodrigues, Monica Rosa, Diana Gomes, Singh K. Satish, Vitor Geraldes 

 

(586al) Manufacturing Scale Empirical Testing of Modified Packing Procedure for Agarose Based Compressible 
Protein A Resin ...............................................................................................................................................................................................211

Roshan Shrestha, Emma Mendiola, Joy Cooper, Mark Smith 
 

(606a) High-Throughput Membrane Protein Crystallization Condition Screening Using X-Ray Transparent In 
Meso Microfluidic Chips................................................................................................................................................................................212

Jeremy M. Schieferstein, Daria S. Khvostichenko, Ashtamurthy S. Pawate, Paul J. A. Kenis 
 



(606b) Solvent Effect On Crystal Morphology: A Hybrid Approach of a Mechanistic Model and Molecular 
Dynamics .........................................................................................................................................................................................................213

Seung Ha Kim, Michael F. Doherty 
 

(606c) The Understanding of Nucleation Aspects of Tolbutamide Polymorphs in Solution..................................................................214
Yin Yani, Pui Shan Chow, Reginald Tan 

 

(606d) Predicting Protein Solubility and Crystallization Behavior Based On the Second Osmotic Virial Coefficient ......................215
Christoph Brandenbusch, Marcel Herhut, Gabriele Sadowski 

 

(606e) Conversion of FBRM® CLD Data to Psd Data: Application to a Needle-Shaped Industrial Case, for the 
Estimation of Crystallization Kinetics .........................................................................................................................................................216

Niall Mitchell, Bing-Shiou Yang, Sean K. Bermingham, Soojin Kim, Hassan Mumtaz 
 

(606f) Problematic Crystal Shapes - Causality and Solvent Selection Guidance Based On Periodic Bond Chain 
Diagrams..........................................................................................................................................................................................................217

Michael A. Lovette 
 

(621a) Engineering Carfilzomib Loaded Nanoparticles for Improved Efficacy and Reduced Systemic Toxicity in 
the Treatment of Multiple Myeloma ............................................................................................................................................................218

Jonathan D. Ashley, Jared F. Stefanick, Nathan J. Alves, Tanyel Kiziltepe, Basar Bilgicer 
 

(621b) A Permeation Enhancer for Oral Delivery of Therapeutic Macromolecules ..............................................................................220
Vivek Gupta, Nishit Doshi, Byeong Hee Hwang, Samir Mitragotri 

 

(621c) A Systematic Analysis of Peptide Linker Length and Polyethylene Glycol Coating On Cellular Uptake of 
Peptide-Targeted Liposomes .........................................................................................................................................................................221

Jared F. Stefanick, Jonathan D. Ashley, Tanyel Kiziltepe, Basar Bilgicer 
 

(621d) Precise Monomeric Control of Multicomponent Random Copolymers: Excipient Design for Oral Drug 
Delivery ............................................................................................................................................................................................................223

Jeffrey M. Ting, Tushar S. Navale, Frank S. Bates, Theresa M. Reineke 
 

(621e) Laser-Activated Carbon Nanoparticle Cellular Damage and Prevention....................................................................................224
Aritra Sengupta, Sean C. Kelly, Michael D. Gray, Naresh N. Thadhani, Mark R. Prausnitz 

 

(621f) Preparation of Adhesive Mixtures of Surface Modified Glass Beads As Model Carriers in Dry Powder 
Inhalers and Spray Dried Salbutamol Sulphate .........................................................................................................................................227

Sarah Zellnitz, Hartmuth Schroettner, Michael Kappl, Nora Anne Urbanetz 
 

(621g) Effects and Mechanism of Sodium Chloride and Tripolyphosphate On the Formation of Chitosan/Cellulose 
Sulphate Microcapsules .................................................................................................................................................................................229

Qilei Zhang, Dongqiang Lin, Shanjing Yao 
 

(638a) New Theoretical Methodologies for Pharmaceutical Plant Cleaning ...........................................................................................230
Wendy Carr, Elaine Martin, Mark Talford 

 

(638b) Integration of Pervaporation Units in the Production of APIs and Intermediates .....................................................................232
Carla Luciani, Jonas Y. Buser, Gregg Tharp, Michael McCulley, Kevin Seibert 

 

(638c) Injection Moulding As a One-Stop-Production to Produce Pharmaceutical Dosage Forms .....................................................233
Karin Eggenreich, Simone Schrank, Gerold Koscher, Daniel Treffer, Eva Roblegg, Johannes G. Khinast 

 

(638d) Scaling-Up in Supercritical Fluid Chromatography ......................................................................................................................234
Abhijit Tarafder, Christopher Hudalla, Pamela Iraneta 

 

(638e) Process Transfer and Optimization of a Commercial Roller Compaction Process Leveraging the Maximum 
Compressive Stress Model and Design of Experiments .............................................................................................................................235

Anthony Panarello, Paresh Patel, David Blair, Stephen L. Conway, Brian Harrison, Christine Caruso, Luke A. Kline 
 

(638f) API Recovery From Pharmaceutical Waste Streams By High Performance Countercurrent 
Chromatography and Intermittent Countercurrent Extraction...............................................................................................................236

Svetlana Ignatova, Peter Hewitson, Ian A. Sutherland 
 

(681a) Thermal Processing for the Delivery of Water-Insoluble Drugs: Hot-Melt Extrusion and Kinetisol® 
Dispersing ........................................................................................................................................................................................................238

Robert Williams, Bo Lang, James W. McGinity, Dave Miller 
 

(681b) Nano-Extrusion: A Novel One-Step Process for the Manufacturing of Solid Drug Nanoparticle-
Formulations ...................................................................................................................................................................................................241

Eva Roblegg, Ramona Baumgartner, Johannes G. Khinast 
 

(681c) Can You Believe Your Eyes? High Comfort Contact Lens Wear Around the Clock .................................................................243
Charles J. White, Christopher J. Bartel, Calvin R. Thomas, Mark E. Byrne 

 

(681d) Development of a Coating Process to Apply Water-Insoluble Drugs On Microneedles Using Molten Coating 
Solutions ..........................................................................................................................................................................................................244

Yunzhe Ma, Harvinder Gill 
 

(681e) Nanoparticle-Stabilized Colloids in Compressible Hydrofluoroalkanes ......................................................................................245
Libo Wu, Denise S. Conti, Sandro R. P. Da Rocha 

 

(681f) Applications of Affinisol HPMC in Hot Melt Extrusion .................................................................................................................246
Kevin O'Donnell, William Porter, Uma Shrestha, Alan Reinhardt 

 

(695a) Life Post Approval: A Real Life Example........................................................................................................................................247
Christine Seymour 

 

(695b) The Application of Chemical Engineering Tools to Post-Launch Process Optimization ...........................................................248
Brian Glennon, Miriam Carr, Mark Barrett 

 

(695c) Scale-Up and Operation of Continuous Hydrogenation in the Manufacturing Setting..............................................................249
Rick Spencer 

 

(695d) Monitoring Batch-to-Batch Reproducibility of TCM Production Process Using in-Line NIR Spectroscopy 
Combined With MSPC Method....................................................................................................................................................................250

Wenlong Li, Haibin Qu 
 



(695e) In-Line Monitoring of the Extraction Process of Panax Notoginseng (Burk.) F. H. Chen Based On the 
Quantitative Use of Near-Infrared Spectroscopy .......................................................................................................................................252

Chengyan Zhou, Wenlong Li, Haibin Qu 
 

(758a) Development and Implementation of a Process to Control Off-Gassing......................................................................................253
Andrew G. Lee, Ehrlic T. Lo, Kenneth Natalie, Truc Vu, Lucius Rossano 

 

(758b) Chemical Engineering Strategies to Directly Deliver Process Properties Across Development and 
Manufacturing Scales.....................................................................................................................................................................................254

Brian Glennon, Miriam Carr, Jessica Whelan, Mark Barrett 
 

(758c) The Chemical Engineer Strikes Back – A New Hope for Commercial Process Development ...................................................255
Sarah Rothstein 

 

(758d) Reaction Engineering for a Sulfonamide Intermediate..................................................................................................................256
James C. Marek, Yanqun Zhao, David R. Hill 

 

(758e) Scale-Up Oscillatory Helical-Baffled Reactor for Multiphase Reactions .....................................................................................257
Anh N. Phan, Adam P. Harvey 

 

(758f) Process Scale-Up From Drying of a Single Drop to Production Scale Spray Dryer Using Levitated Single 
Droplet Analysis (DKA) and Computation Fluid Dynamics (CFD) .........................................................................................................258

Matthew Walter 
 

(758g) An Integrated Management System to Optimize Process Operations Within the Pharmaceutical Industry ..........................259
Roy A Drayton, Guy J. Gloor, Joseph Grills 

 

(759a) Simulation Study Comparing Oil Emulsion Particle Size Distributions On a Performance Basis ...........................................260
Stephen D. Stamatis, Lee E. Kirsch 

 

(759b) Impact of Hpmcas Polymer Properties On the in Vitro Performance of Spray Dried Dispersions – A 
Quality By Design Approach.........................................................................................................................................................................261

William Porter, Robert Schmitt, Oliver Petermann, Steven Guillaudeu, Meinolf Brackhagen, Matthias Sprehe 
 

(759c) Principal Component Analysis for Pharmaceutical Process and Product Characterization:Case Study From 
Immediate and Controlled Release Tablet Manufacturing .......................................................................................................................262

Huiquan Wu 
 

(759d) Dissolution of Different Commercial Aspirin Tablets Using a Novel Off-Center Paddle Impeller (OPI) 
Dissolution Testing System ............................................................................................................................................................................263

Yang Qu, Piero M. Armenante 
 

(759e) The Effect of Blend Shearing and Compression On Dissolution Dynamics for Immediate Release Tablets ...........................264
Gerardo Callegari, Tarek Awad, Yifan Wang, Pallavi Pawar, Wiphusanee Dendamrongvit, German Drazer, Fernando J. Muzzio, 
Alberto Cuitino 

 

(759f) Design Space Approach to Continuous Manufacturing of Drug Loaded Terapeutic Films.......................................................265
Phong Huynh, Paul Takhistov 

 

(762a) Process Development and Manufacturing: Single Use Versus Glass and Stainless Steel...........................................................266
Sebastien Ribault 

 

(762b) Development and Implementation of a Single-Use, Closed Depth Filtration System for Primary 
Clarification ....................................................................................................................................................................................................267

Devin McCann 
 

(762c) Single Use Centrifuge- CHO Clarification.......................................................................................................................................268
David R. Richardson 

 

(762d) Predicting Buffer and Media Preparation Times for Single-Use Mixer Scale-Up ......................................................................269
Blaine Trafton, Adam Sokolnicki, Michael Felo 

 

(762e) Characterization and Scalability of the Impulse Single-Use Mixing System ...............................................................................270
Rudy Pavlik 

 

(762f) Advantages and Limitations of Single-Use Systems in Downstream Processing .........................................................................271
Charles Siletti, Demetri Petrides 

 

Author Index 




