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Handbook of Industrial Crystallization

Crystallization is an important separation and purification process
used in industries ranging from bulk commodity chemicals to
specialty chemicals and pharmaceuticals. In recent years, a number
of environmental applications have also come to rely on
crystallization in waste treatment and recycling processes. The
authors provide an introduction to the field of newcomers and a
reference to those involved in the various aspects of industrial
crystallization. It is a complete volume covering all aspects of
industrial crystallization, including material related to both
fundamentals and applications. This new edition presents detailed
material on crystallization of biomolecules, precipitation, impurity-
crystal interactions, solubility, and design. Provides an ideal
introduction for industrial crystallization newcomers Serves as a
worthwhile reference to anyone involved in the field Covers all
aspects of industrial crystallization in a single, complete volume

Handbook of Industrial Crystallization

Learn from the experts about industrial crystallization in this third
edition of a widely regarded classic that has been completely
revised to reflect the latest developments in the field. New chapters
on crystal nucleation, molecular modelling application, and
precipitation and crystallization of pigments and dyes are included,
as well as completely revised chapters on crystallization of proteins,
crystallizer selection and design, control of crystallization processes,
and process analytical technology. Richly illustrated with 150 new
diagrams and photographs, and with dozens of practical hands-on
examples, this is an ideal introduction for newcomers, and serves as
an excellent reference for experienced professionals covering
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aspects of industrial crystallization in a single, complete volume.

Handbook of Industrial Crystallization

Crystallization is an important separation and purification process
used in industries ranging from bulk commodity chemicals to
specialty chemicals and pharmaceuticals. In recent years, a number
of environmental applications have also come to rely on
crystallization in waste treatment and recycling processes. The
authors provide an introduction to the field of newcomers and a
reference to those involved in the various aspects of industrial
crystallization. It is a complete volume covering all aspects of
industrial crystallization, including material related to both
fundamentals and applications. This new edition presents detailed
material on crystallization of biomolecules, precipitation, impurity-
crystal interactions, solubility, and design. Provides an ideal
introduction for industrial crystallization newcomers Serves as a
worthwhile reference to anyone involved in the field Covers all
aspects of industrial crystallization in a single, complete volume

Industrial Crystallization Process Monitoring and
Control

Crystallization is an important technique for separation and
purification of substances as well as for product design in chemical,
pharmaceutical and biotechnological process industries. This ready
reference and handbook draws on research work and industrial
practice of a large group of experts in the various areas of industrial
crystallization processes, capturing the essence of current trends,
the markets, design tools and technologies in this key field. Along
the way, it outlines trouble free production, provides laboratory
controls, analyses case studies and discusses new challenges. First
the instrumentation and techniques used to measure the crystal
size distribution, the nucleation and solubility points, and the
chemical composition of the solid and liquid phase are outlined.
Then the main techniques adopted to control industrial crystallizers,
starting from fundamental approaches to the most advanced ones,
including the multivariable predictive control are described. An
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overview of the main crystallizer types is given with details of the
main control schemes adopted in industry as well as the more
suitable sensors and actuators.

Crystallization Technology Handbook

This handbook facilitates the selection, design and operation of
large-scale industrial crystallizers that process crystals with the
proper size distribution, shape and purity sought - including cooling,
evaporation, drowning-out reaction, melt, and related crystallization
techniques. This new edition offers new results on direct-contact
cooling crystallization. It lists the properties of over 170 organic and
inorganic crystallization systems.

Crystallization Technology Handbook

This handbook seeks to facilitate the selection, design and operation
of large-scale industrial crystallizers that process crystals with the
proper size distribution, shape and purity sought. This second
edition offers results on direct-contact cooling crystallization.

Industrial Crystallization

A comprehensive overview of industrial crystallization, its theory
and practice, including recent advances, real world case studies,
and worked examples.

The Handbook of Continuous Crystallization

Continuous crystallization is an area of intense research, with
particular respect to the pharmaceutical industry and fine
chemicals. Improvements in continuous crystallization technologies
offer chemical industries significant financial gains, through reduced
expenditure and operational costs, and consistent product quality.
Written by well-known leaders in the field, The Handbook of
Continuous Crystallization presents fundamental and applied
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knowledge, with attention paid to application and scaling up, and
the burgeoning area of process intensification. Beginning with
concepts around crystallization techniques and control strategies,
the reader will learn about experimental methods and
computational tools. Case studies spanning fine and bulk chemicals,
the pharmaceutical industry, and employing new mathematical
tools, put theory into context. With regulatory considerations also
covered, this book is a must-have guide for the field.

Crystallization of Organic Compounds

Filled with industrial examples emphasizing the practical
applications of crystallization methodologies Based on the authors'
hands-on experiences as process engineers at Merck, Crystallization
of Organic Compounds guides readers through the practical aspects
of crystallization. It uses plenty of case studies and examples of
crystallization processes, ranging from development through
manufacturing scale-up. The book not only emphasizes strategies
that have been proven successful, it also helps readers avoid
common pitfalls that can render standard procedures unsuccessful.
The goal of this text is twofold: Build a deeper understanding of the
fundamental properties of crystallization as well as the impact of
these properties on crystallization process development. Improve
readers' problem-solving abilities by using actual industrial
examples with real process constraints. Crystallization of Organic
Compounds begins with detailed discussions of fundamental
thermodynamic properties, nucleation and crystal growth kinetics,
process dynamics, and scale-up considerations. Next, it investigates
modes of operation, including cooling, evaporation, anti-solvent,
and reactive crystallization. The authors conclude with special
applications such as ultrasound in crystallization and computational
fluid dynamics in crystallization. Most chapters feature multiple
examples that guide readers step by step through the crystallization
of active pharmaceutical ingredients (APIs). With its focus on
industrial applications, this book is recommended for chemical
engineers and chemists who are involved with the development,
scale-up, or operation of crystallization processes in the
pharmaceutical and fine chemical industries.



Handbook Of Industrial Crystallization

Handbook Of Industrial Crystallization
5

Industrial Crystallization

Incorporating all recent developments and applications of
crystallization technology, this volume offers a clear account of the
field's underlying principles, reviews of past and current research,
and provides guidelines for equipment and process design. The
book takes a balanced functional approach in its critical survey of
research literature, and includes several problems based on real
practical situations that illustrate theoretical development. Several
new concepts and techniques used in process simulation and
identification analysis are featured.

Industrial Crystallization

Crystallization is a natural occurring process but also a process
abundantly used in the industry. Crystallization can occur from a
solution, from the melt or via deposition of material from the gas
phase (desublimation). Crystals distinguish themself from liquids,
gases and amorphous substances by the long-range order of its
building blocks that entail the crystals to be formed of well-defined
faces, and give rise to a large number of properties of the solid.
Crystallization is used at some stage in nearly all process industries
as a method of production, purification or recovery of solid
materials. Crystallization is practiced on all scales: from the isolation
of the first milligrams of a newly synthesized substance in the
research laboratory to isolating products on the mulit-million tonne
scale in industry. The book describes the breadth of crystallization
operations, from isolation from a reaction broth to purification and
finally to tailoring product properties. In the first section of the book,
the basic mechanisms - nucleation, growth, attrition and
agglomeration are introduced. It ensures an understanding of
supersaturation, the driving force of crystallization. Furthermore,
the solubility of the substance and its dependences on process
conditions and the various techniques of crystallization and their
possibilities and limitations are discussed. Last but not least, the
first part includes an intensive treatment of polymorphism . The
second part builds on the basics, exploring how crystallization
processes can be developed, either batch-wise or continuous, from
solution or from the melt. A discussion of the purification during
crystallization serves as a link between the two sections, where
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practical aspects and an insight using theoretical concepts are
combined. Mixing and its influence on the crystallization as well as
the mutual interference of down-stream processes with the
crystallization are also treated. Finally, techniques to characterize
the crop are discussed. The third part of the book is dedicated to
accounts of actual developments and of carried-out crystallizations.
Typical pitfalls and strategies to avoid these as well as the design of
robust processes are presented.

Crystallization

This is the most comprehensive collection of data on the kinetics of
crystallization from solution. This feature alone makes it a valuable
addition to the literature on industrial crystallization. It provides a
link between crystallization mechanisms and crystallization kinetics.
The authors have put much effort into unifying different trends in
measurement, derivation and interpretation of crystallization
kinetics, and to provide cohesion between published results from
different sources.

The Kinetics of Industrial Crystallization

Industrial Crystallization Symposia have been organized by the
Crystallization Research Group at the Czechoslovak Research
Institute for Inorganic Chemistry, Usti nad Labem, since 1960. Over
the years, the increasing popularity of the unit operation of
crystallization has been clearly demonstrated by the steady
increase in numbers of both the papers presented and the
attendances at the meetings. The 6th Symposium (1-3 September
1975) was organized jointly with the European Federation of
Chemical Engineering Working Party on Crystallization, and the 44
papers presented were arranged into four sessions - A: Secondary
Nucleation, B: Crystal Growth Kinetics, C: Crystal Habit Modification,
D: Crystallizer Design, E: Indus trial Crystallizer Operation and Case
Studies. The same groupings are preserved in this edited version of
the proceedings. This is the first time that the Industrial
Crystallization Symposium papers have appeared in one volume.
After the 5th (1972) Symposium, authors we.re encouraged to
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submit their papers to an international journal specializing in
crystallization. However, the results were not altogether satisfactory
in that less than one third of the papers presented at the meeting
were offered for consideration. This time, therefore, the organizing
committee decided to attempt to keep the papers together by
making arrangements for their pUblication by Plenum Press.

Industrial Crystallization

Still the Most Complete, Up-To-Date, and Reliable Reference in the
FieldDrying is a highly energy-intensive operation and is
encountered in nearly all industrial sectors. With rising energy costs
and consumer demands for higher quality dried products, it is
increasingly important to be aware of the latest developments in
industrial drying technolog

Handbook of Industrial Drying

This conference provides a forum for discussion of the advances in
the theory and practice of crystallization as it relates to the
production of bulk crystalline materials.

Handbook of Crystal Growth

Since the first publication of this definitive work nearly 40 years ago,
this fourth edition has been completely rewritten. Crystallization is
used at some stage in nearly all process industries as a method of
production, purification or recovery of solid materials. Incorporating
all the recent developments and applications of crystallization
technology, Crystallization gives clear accounts of the underlying
principles, a review of the past and current research themes and
guidelines for equipment and process design. This new edition
introduces and enlarges upon such subjects as: Control and
Separation of polymorphs and chiral crystals Micro- and macro-
mixing and the use of computer fluid dynamics Seeding and
secondary nucleation in batch crystallization processes
Incorporation of upstream and downstream requirements into
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design procedures for crystallization plant Computer-aided
molecular design and its use in crystal habit modifier selection
Crystallization provides a comprehensive overview of the subject
and will prove invaluable to all chemical engineers and industrial
chemists in the process industries as well as crystallization workers
and students in industry and academia. Crystallization is written
with the precision and clarity of style that is John Mullin's hallmark -
a special feature being the large number of appendices that provide
relevant physical property data. Covers all new developments and
trends in crystallization Comprehensive coverage of subject area

The Kinetics of Industrial Crystallization

Particulate Crystal Characteristics; Fluid-particle Transport
Processes; Crystallization Principles and Techniques; Crystal
Formation Processes; Crystallizer Design and Operation; Solid-Liquid
Separation Processes; Design of Crystallization Process Systems.

Industrial Crystallization

Substantially revising and updating the classic reference in the field,
this handbook offers a valuable overview and myriad details on
current chemical processes, products, and practices. No other
source offers as much data on the chemistry, engineering,
economics, and infrastructure of the industry. The Handbook serves
a spectrum of individuals, from those who are directly involved in
the chemical industry to others in related industries and activities. It
provides not only the underlying science and technology for
important industry sectors, but also broad coverage of critical
supporting topics. Industrial processes and products can be much
enhanced through observing the tenets and applying the
methodologies found in chapters on Green Engineering and
Chemistry (specifically, biomass conversion), Practical Catalysis,
and Environmental Measurements; as well as expanded treatment
of Safety, chemistry plant security, and Emergency Preparedness.
Understanding these factors allows them to be part of the total
process and helps achieve optimum results in, for example, process
development, review, and modification. Important topics in the
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energy field, namely nuclear, coal, natural gas, and petroleum, are
covered in individual chapters. Other new chapters include energy
conversion, energy storage, emerging nanoscience and technology.
Updated sections include more material on biomass conversion, as
well as three chapters covering biotechnology topics, namely,
Industrial Biotechnology, Industrial Enzymes, and Industrial
Production of Therapeutic Proteins.

14th International Symposium on Industrial
Crystallization

\"Polymorphism in the Pharmaceutical Industry - Solid Form and
Drug Development\" highlights the relevance of polymorphism in
modern pharmaceutical chemistry, with a focus on quality by design
(QbD) concepts. It covers all important issues by way of case
studies, ranging from properties and crystallization, via
thermodynamics, analytics and theoretical modelling right up to
patent issues. As such, the book underscores the importance of
solid-state chemistry within chemical and pharmaceutical
development. It emphasizes why solid-state issues are important,
the approaches needed to avoid problems and the opportunities
offered by solid-state properties. The authors include true
polymorphs as well as solvates and hydrates, while providing
information on physicochemical properties, crystallization
thermodynamics, quantum-mechanical modelling, and up-scaling.
Important analytical tools to characterize solid-state forms and to
quantify mixtures are summarized, and case studies on solid-state
development processes in industry are also provided. Written by
acknowledged experts in the field, this is a high-quality reference
for researchers, project managers and quality assurance managers
in pharmaceutical, agrochemical and fine chemical companies as
well as for academics and newcomers to organic solid-state
chemistry.

Crystallization

The go-to guide to learn the principles and practices of design and
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analysis in chemical engineering.

Crystallization Process Systems

At the interface of chemical industry operations, equipment
manufacturer input, and the scientific literature, Industrial
Crystallization of Melts explores and explains melt crystallization
and purification in the industrial arena. This comprehensive account
details the orderly conversion of melts into solid, salable end
materials and procedures fo

Industrial Crystallization 81

Annotation The crystallization and solidification properties of lipids
influence their functional properties in biological systems, foods,
personal care products, pharmaceuticals, and oleo chemicals. To
help its members and others optimize products or systems
containing lipids, the American Oil Chemists Society devoted its
2000 conference, held in Toronto, to the fundamental principles of
lipid crystallization. The resulting 20 papers discuss phase behavior
and polymorphism, lipid crystallization kinetics, microstructure and
rheology, and crystallization in emulsions. They also consider
applications to dairy systems, manufacturing chocolate confection,
and the texture of fats. Annotation c. Book News, Inc., Portland, OR
(booknews.com).

Handbook of Industrial Chemistry and
Biotechnology

Crystallization is an important purification process used in a broad
range of industries, including pharmaceuticals, foods, and bulk
chemicals. In recent years, molecular modeling has emerged as a
useful tool in the analysis and solution of problems associated with
crystallization. Modeling allows more focused experimentation
based on structural and energetic calculations instead of intuition
and trial and error. This book offers a general introduction to
molecular modeling techniques and their application in
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crystallization. After explaining the basic concepts of molecular
modeling and crystallization, the book discusses how modeling
techniques are used to solve a variety of practical problems related
to crystal size, shape, internal structure, and properties. With
chapters written by leading experts and an emphasis on problem
solving, this book will appeal to scientists, engineers, and graduate
students involved in research and the production of crystalline
materials.

Polymorphism in the Pharmaceutical Industry

Advances in Industrial Mixing is a companion volume and update to
the Handbook of Industrial Mixing. The second volume fills in gaps
for a number of industries that were not covered in the first edition.
Significant changes in five of the fundamental areas are covered in
entirely updated or new chapters. The original text is provided as a
searchable pdf file on the accompanying USB. This book explains
industrial mixers and mixing problems clearly and concisely. Gives
practical insights by the top professionals in the field, combining
industrial design standards with fundamental insight. Details
applications in 14 key industries. Six of these are new since the first
edition. Provides the professional with information he/she did not
receive in school. Five completely rewritten chapters on mixing
fundamentals where significant advances have happened since the
first edition and seven concise update chapters which summarize
critical technical information.

Chemical Engineering Design and Analysis

Designed to provide a comprehensive, step-by-step approach to
organic process research and development in the pharmaceutical,
fine chemical, and agricultural chemical industries, this book
describes the steps taken, following synthesis and evaluation, to
bring key compounds to market in a cost-effective manner. It
describes hands-on, step-by-step, approaches to solving process
development problems, including route, reagent, and solvent
selection; optimising catalytic reactions; chiral syntheses; and
\"green chemistry.\" Second Edition highlights:• Reflects the current
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thinking in chemical process R&D for small molecules• Retains
similar structure and orientation to the first edition. • Contains
approx. 85% new material• Primarily new examples (work-up and
prospective considerations for pilot plant and manufacturing scale-
up)• Some new/expanded topics (e.g. green chemistry, genotoxins,
enzymatic processes)• Replaces the first edition, although the first
edition contains useful older examples that readers may refer to
Provides insights into generating rugged, practical, cost-effective
processes for the chemical preparation of \"small molecules\"
Breaks down process optimization into route, reagent and solvent
selection, development of reaction conditions, workup,
crystallizations and more Presents guidelines for implementing and
troubleshooting processes

Industrial Crystallization of Melts

As pharmaceutical companies look to develop single enantiomers as
drug candidates, chemists are increasingly faced with the problems
associated with this subclass of organic synthesis. \"The Handbook
of Chiral Chemicals, Second Edition\" highlights the problems
associated with the production of chiral compounds on a
commercial scale. The handbook fir

Crystallization and Solidification Properties of
Lipids

This book deals with various unique elements in the drug
development process within chemical engineering science and
pharmaceutical R&D. The book is intended to be used as a
professional reference and potentially as a text book reference in
pharmaceutical engineering and pharmaceutical sciences. Many of
the experimental methods related to pharmaceutical process
development are learned on the job. This book is intended to
provide many of those important concepts that R&D Engineers and
manufacturing Engineers should know and be familiar if they are
going to be successful in the Pharmaceutical Industry. These include
basic analytics for quantitation of reaction components– often
skipped in ChE Reaction Engineering and kinetics books. In addition
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Chemical Engineering in the Pharmaceutical Industry introduces
contemporary methods of data analysis for kinetic modeling and
extends these concepts into Quality by Design strategies for
regulatory filings. For the current professionals, in-silico process
modeling tools that streamline experimental screening approaches
is also new and presented here. Continuous flow processing,
although mainstream for ChE, is unique in this context given the
range of scales and the complex economics associated with
transforming existing batch-plant capacity. The book will be split
into four distinct yet related parts. These parts will address the
fundamentals of analytical techniques for engineers,
thermodynamic modeling, and finally provides an appendix with
common engineering tools and examples of their applications.

Molecular Modeling Applications in Crystallization

Surveys the selection, design, and operation of most of the
industrially important separation processes. Discusses the
underlying principles on which the processes are based, and
provides illustrative examples of the use of the processes in a
modern context. Features thorough treatment of newer separation
processes based on membranes, adsorption, chromatography, ion
exchange, and chemical complexation. Includes a review of
historically important separation processes such as distillation,
absorption, extraction, leaching, and crystallization and considers
these techniques in light of recent developments affecting them.

Advances in Industrial Mixing

An authoritative reference that contains the most up-to-date
information knowledge, approaches, and applications of lipid
crystals Crystallization of Lipids is a comprehensive resource that
offers the most current and emerging knowledge, techniques and
applications of lipid crystals. With contributions from noted experts
in the field, the text covers the basic research of polymorphic
structures, molecular interactions, nucleation and crystal growth
and crystal network formation of lipid crystals which comprise main
functional materials employed in food, cosmetic and pharmaceutical
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industry. The authors highlight trans-fat alternative and saturated-
fat reduction technology to lipid crystallization. These two issues are
the most significant challenges in the edible-application technology
of lipids, and a key solution is lipid crystallization. The text focuses
on the crystallization processes of lipids under various external
influences of thermal fluctuation, ultrasound irradiation, shear,
emulsification and additives. Designed to be practical, the book’s
information can be applied to realistic applications of lipids to foods,
cosmetic and pharmaceuticals. This authoritative and up-to-date
guide: Highlights cutting-edge research tools designed to help
analyse lipid crystallization with the most current and the
conventional techniques Offers a thorough review of the
information, techniques and applications of lipid crystals Includes
contributions from noted experts in the field of lipid crystals
Presents cutting-edge information on the topics of trans-fat
alterative and saturated-fat reduction technology Written for
research and development technologists as well as academics, this
important resource contains research on lipid crystals which
comprise the main functional materials employed in food, cosmetic
and pharmaceutical industry.

Practical Process Research and Development

Separation processes on an industrial scale account for well over
half of the capital and operating costs in the chemical industry.
Knowledge of these processes is key for every student of chemical
or process engineering. This book is ideally suited to university
teaching, thanks to its wealth of exercises and solutions. The second
edition boasts an even greater number of applied examples and
case studies as well as references for further reading.

Handbook of Chiral Chemicals

Optically active compounds are gaining ever-increasing importance
in organic chemistry, both in the academic and the industrial
arenas. The rational synthesis of the growing number of chiral
chemicals, drugs, and natural products demands efficient methods
for producing these compounds in an enantiomerically, highly pure
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form. Despite the available alternative techniques, optical resolution
via Diastereomeric salt formation remains the most widely used
method of preparing pure enantiomers. The CRC Handbook of
Optical Resolutions Via Diastereomeric Salt Formation is the first
book to exclusively address this important organic chemical
process. It provides fast, one-stop access to a wealth of information,
including all of the available data on 100 resolving agents, a list of
500 optically active compounds available in bulk along with their
suppliers, data on more than 3,500 resolutions, and 4,200 citations.
This handbook helps answer virtually any question that may arise
during the development of a new resolution process. Which
resolving agent and solvent should I use under these conditions?
How can I separate the diastereoisomers? How can I optimize a
resolution process? How do I determine enantiomeric purity? Which
supplier has the resolving agent I need? For a racemate already
resolved, what were the resolving agent, solvent, and relevant
citation? This is the first book to deal exclusively with all aspects of
this important organic chemical process, both theoretical and
practical. With an abundance of analyzed examples, this single,
authoritative reference provides all of the information you need to
perform, develop, and optimize optical resolutions via
Diastereomeric salt formation

Chemical Engineering in the Pharmaceutical
Industry

PEEK biomaterials are currently used in thousands of spinal fusion
patients around the world every year. Durability, biocompatibility
and excellent resistance to aggressive sterilization procedures make
PEEK a polymer of choice, replacing metal in orthopedic implants,
from spinal implants and hip replacements to finger joints and
dental implants. This Handbook brings together experts in many
different facets related to PEEK clinical performance as well as in
the areas of materials science, tribology, and biology to provide a
complete reference for specialists in the field of plastics,
biomaterials, medical device design and surgical applications.
Steven Kurtz, author of the well respected UHMWPE Biomaterials
Handbook and Director of the Implant Research Center at Drexel
University, has developed a one-stop reference covering the
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processing and blending of PEEK, its properties and biotribology,
and the expanding range of medical implants using PEEK: spinal
implants, hip and knee replacement, etc. Covering materials
science, tribology and applications Provides a complete reference
for specialists in the field of plastics, biomaterials, biomedical
engineering and medical device design and surgical applications

Handbook of Separation Process Technology

Quartz, zeolites, gemstones, perovskite type oxides, ferrite, carbon
allotropes, complex coordinated compounds and many more -- all
products now being produced using hydrothermal technology.
Handbook of Hydrothermal Technology brings together the latest
techniques in this rapidly advancing field in one exceptionally
useful, long-needed volume. The handbook provides a single source
for understanding how aqueous solvents or mineralizers work under
temperature and pressure to dissolve and recrystallize normally
insoluble materials, and decompose or recycle any waste material.
The result, as the authors show in the book, is technologically the
most efficient method in crystal growth, materials processing, and
waste treatment. The book gives scientists and technologists an
overview of the entire subject including: À Evolution of the
technology from geology to widespread industrial use. À
Descriptions of equipment used in the process and how it works. À
Problems involved with the growth of crystals, processing of
technological materials, environmental and safety issues. À Analysis
of the direction of today's technology. In addition, readers get a
close look at the hydrothermal synthesis of zeolites, fluorides,
sulfides, tungstates, and molybdates, as well as native elements
and simple oxides. Delving into the commercial production of
various types, the authors clarify the effects of temperature,
pressure, solvents, and various other chemical components on the
hydrothermal processes. Gives an overview of the evolution of
Hydrothermal Technology from geology to widespread industrial use
Describes the equipment used in the process and how it works
Discusses problems involved with the growth of crystals, processing
of technological materials, and environmental and safety issues
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The Pilot Plant Real Book

Crystallization of Lipids
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