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Mass-transfer Operations

A unique and interdisciplinary field, food processing must meet basic process engineering considerations
such as material and energy balances, as well as the more specialized requirements of food acceptance,
human nutrition, and food safety. Food engineering, therefore, is a field of major concern to university
departments of food science, and chemical and biological engineering as well as engineers and scientists
working in various food processing industries. Part of the notable CRC Press Contemporary Food
Engineering series, Food Process Engineering Operations focuses on the application of chemical engineering
unit operations to the handling, processing, packaging, and distribution of food products. Chapters 1 through
5 open the text with a review of the fundamentals of process engineering and food processing technology,
with typical examples of food process applications. The body of the book then covers food process
engineering operations in detail, including theory, process equipment, engineering operations, and
application examples and problems. Based on the authors’ long teaching and research experience both in the
US and Greece, this highly accessible textbook employs simple diagrams to illustrate the mechanism of each
operation and the main components of the process equipment. It uses simplified calculations requiring only
elementary calculus and offers realistic values of food engineering properties taken from the published
literature and the authors’ experience. The appendix contains useful engineering data for process
calculations, such as steam tables, engineering properties, engineering diagrams, and suppliers of process
equipment. Designed as a one or two semester textbook for food science students, Food Process Engineering
Operations examines the applications of process engineering fundamentals to food processing technology
making it an important reference for students of chemical and biological engineering interested in food
engineering, and for scientists, engineers, and technologists working in food processing industries.

Food Process Engineering Operations

This revised, new edition retains its class-tested coverage of how metals behave in water while updating and
expanding information about metals processing methods. The book further retains its emphasis on predicting
and engineering the way metals are extracted from ore sources, separated from unwanted entities, recovered
as metals, and purified using water based processing. The transformation of minerals to metals requires
hydrometallurgical processing for nearly all of the nonferrous metals we use. This book elucidates the
associated fundamentals and processing applications as well as related tools to assess processes and
performance. The new edition further includes additional photographs, updated drawings, supplementary
data, updated descriptive information, and new detail on rare earth elements processing as well as recycling
and byproduct recovery of metals.

Hydrometallurgy

This textbook is targetted to undergraduate students in chemical engineering, chemical technology, and
biochemical engineering for courses in mass transfer, separation processes, transport processes, and unit
operations. The principles of mass transfer, both diffusional and convective have been comprehensively
discussed. The application of these principles to separation processes is explained. The more common
separation processes used in the chemical industries are individually described in separate chapters. The book
also provides a good understanding of the construction, the operating principles, and the selection criteria of
separation equipment. Recent developments in equipment have been included as far as possible. The



procedure of equipment design and sizing has been illustrated by simple examples. An overview of different
applications and aspects of membrane separation has also been provided. ‘Humidification and water cooling’,
necessary in every process indus-try, is also described. Finally, elementary principles of ‘unsteady state
diffusion’ and mass transfer accompanied by a chemical reaction are covered. SALIENT FEATURES : • A
balanced coverage of theoretical principles and applications. • Important recent developments in mass
transfer equipment and practice are included. • A large number of solved problems of varying levels of
complexities showing the applications of the theory are included. • Many end-chapter exercises. • Chapter-
wise multiple choice questions. • An Instructors manual for the teachers.

PRINCIPLES OF MASS TRANSFER AND SEPERATION PROCESSES

This book introduces the fundamental principles of the mass transfer phenomenon and its diverse
applications in process industry. It covers the full spectrum of techniques for chemical separations and
extraction. Beginning with molecular diffusion in gases, liquids and solids within a single phase, the
mechanism of inter-phase mass transfer is explained with the help of several theories. The separation
operations are explained comprehensively in two distinct ways—stage-wise contact and continuous
differential contact. The primary design requirements of gas–liquid equipment are discussed. The book
provides a detailed discussion on all individual gas–liquid, liquid–liquid, solid–gas, and solid–liquid
separation processes. The students are also exposed to the underlying principles of the membrane-based
separation processes. The book is replete with real applications of separation processes and equipment.
Problems are worked out in each chapter. Besides, problems with answers, short questions, multiple choice
questions with answers are given at the end of each chapter. The text is intended for a course on mass
transfer, transport and separation processes prescribed for the undergraduate and postgraduate students of
chemical engineering.

Mass Transfer

A staple in any chemical engineering curriculum New edition has a stronger emphasis on membrane
separations, chromatography and other adsorptive processes, ion exchange Discusses many developing topics
in more depth in mass transfer operations, especially in the biological engineering area Covers in more detail
phase equilibrium since distillation calculations are completely dependent on this principle Integrates
computational software and problems using Mathcad Features 25-30 problems per chapter

Principles and Modern Applications of Mass Transfer Operations

This book addresses the specific needs of undergraduate chemical engineering students for the two courses in
Mass Transfer I and Mass Transfer II. It is also suitable for a course in Downstream Processing for
biotechnology students. This self-contained textbook is designed to provide single-volume coverage of the
full spectrum of techniques for chemical separations. The operations covered include vapour distillation,
fluid adsorption, gas absorption, liquid extraction, solid leaching, gas humidification, solid drying, foam
separation, solution crystallization, metal alloying, reverse osmosis, molecular sieves, electrodialysis, and ion
exchange. The text also discusses emerging applications such as drug delivery, gel electrophoresis,
bleaching, membrane separations, polymer devolatilization, solution crystallization, and gas chromatography.
Equipment selection is discussed for different operations. A table of industrial applications for each and
every mass transfer unit operation is provided. The worked examples illustrate problems from chemical
process and biotechnology industries. Review questions encourage critical thinking, and end-of-chapter
problems emphasize grasping of the fundamentals as well as illustrate applications of theory to a wide variety
of scenarios. KEY FEATURES • Includes several case studies ranging from manufacture of vitamin C,
prilling tower to granulate urea to vanaspati discolouration and wilting of the lettuce. • Introduces generalized
Fick’s law of diffusion. • Discusses hollow fibre mass exchangers. • Introduces new concepts such as
cosolvent factor, Z step procedure for multistage cross-current extraction.
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PRINCIPLES OF MASS TRANSFER

A problem-solving approach that helps students master new material and put their knowledge into practice
The Second Edition of the acclaimed Principles and Modern Applications of Mass Transfer Operations
continues to provide a thorough, accessible text that gives students the support and the tools they need to
quickly move from theory to application. This latest edition has been thoroughly revised and updated with
new discussions of such developing topics as membrane separations, ion exchange, multistage batch
distillation, and chromatography and other adsorptive processes. Moreover, the Second Edition now covers
mass transfer phenomena in biological systems, making the text appropriate for students in biochemical
engineering as well as chemical engineering. Complementing the author's clear discussions are several
features that help students quickly master new material and put their knowledge into practice, including:
Twenty-five to thirty problems at the end of each chapter that enable students to use their newfound
knowledge to solve problems Examples and problems that help students become proficient working with
Mathcad Figures and diagrams that illustrate and clarify complex concepts and processes References
facilitating further in-depth research into particular topics Ten appendices filled with helpful data and
reference materials Ideal for a first course in mass transfer operations, this text has proven to be invaluable to
students in chemical and environmental engineering as well as researchers and university faculty.

Principles and Modern Applications of Mass Transfer Operations

Author's purpose is \"to provide a vehicle for teaching, either through a formal course or through self-study,
the techniques of, and principles of equipment design for, the mass-transfer operations of chemical
engineering.\" As before, these operations are largely the responsibility of the chemical engineer, but
increasingly practitioners of other engineering disciplines are finding them necessary for their work. This is
especially true for those engaged in pollution control and environment protection, where separation processes
predominate, and in, for example, extractive metallurgy, where more sophisticated and diverse methods of
separation are increasingly relied upon.

Mass-transfer Operations

Principles and Applications of Mass Transfer Core textbook teaching mass transfer fundamentals and
applications for the design of separation processes in chemical, biochemical, and environmental engineering
Principles and Applications of Mass Transfer teaches the subject of mass transfer fundamentals and their
applications to the design of separation processes with enough depth of coverage to guarantee that students
using the book will, at the end of the course, be able to specify preliminary designs of the most common
separation process equipment. Reflecting the growth of biochemical applications in the field of chemical
engineering, the fourth edition expands biochemical coverage, including transient diffusion, environmental
applications, electrophoresis, and bioseparations. Also new to the fourth edition is the integration of Python
programs, which complement the Mathcad programs of the previous edition. On the accompanying
instructor’s website, the online appendices contain a downloadable library of Python and Mathcad programs
for the example problems in each chapter. A complete solution manual for all end-of-chapter problems, both
in Mathcad and Python, is also provided. Some of the topics covered in Principles and Applications of Mass
Transfer include: Molecular mass transfer, covering concentrations, velocities and fluxes, the Maxwell-
Stefan relations, and Fick’s first law for binary mixtures The diffusion coefficient, covering diffusion
coefficients for binary ideal gas systems, dilute liquids, and concentrated liquids Convective mass transfer,
covering mass-transfer coefficients, dimensional analysis, boundary layer theory, and mass- and heat-transfer
analogies Interphase mass transfer, covering diffusion between phases, material balances, and equilibrium-
stage operations Gas dispersed gas-liquid operations, covering sparged vessels, tray towers, diameter, and
gas-pressure drop, and weeping and entrainment Principles and Applications of Mass Transfer is an essential
textbook for undergraduate chemical, biochemical, mechanical, and environmental engineering students
taking a core course on Separation Processes or Mass Transfer Operations, along with mechanical engineers
and mechanical engineering students starting to get involved in combined heat- and mass-transfer
applications.
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Principles and Applications of Mass Transfer

Transport Phenomena has been revised to include deeper and more extensive coverage of heat transfer,
enlarged discussion of dimensional analysis, a new chapter on flow of polymers, systematic discussions of
convective momentum,and energy. Topics also include mass transport, momentum transport and energy
transport, which are presented at three different scales: molecular, microscopic and macroscopic. If this is
your first look at Transport Phenomena you'll quickly learn that its balanced introduction to the subject of
transport phenomena is the foundation of its long-standing success.

Transport Phenomena

Osmotically driven membrane processes (ODMPs) including forward osmosis (FO) and pressure-retarded
osmosis (PRO) have attracted increasing attention in fields such as water treatment, desalination, power
generation, and life science. In contrast to pressure-driven membrane processes, e.g., reverse osmosis, which
typically employs applied high pressure as driving force, ODMPs take advantages of naturally generated
osmotic pressure as the sole source of driving force. In light of this, ODMPs possess many advantages over
pressure-driven membrane processes. The advantages include low energy consumption, ease of equipment
maintenance, low capital investment, high salt rejection, and high water flux. In the past decade, over 300
academic papers on ODMPs have been published in a variety of application fields. The number of such
publications is still rapidly growing. The ODMPs' approach, fabrications, recent development and
applications in wastewater treatment, power generation, seawater desalination, and gas absorption are
presented in this book.

Osmotically Driven Membrane Processes

A thorough introduction to the fundamentals and applications of microscopic and macroscopic mass transfer.

Mass Transfer

Separation Process Principles with Applications Using Process Simulator, 4th Edition is the most
comprehensive and up-to-date treatment of the major separation operations in the chemical industry. The 4th
edition focuses on using process simulators to design separation processes and prepares readers for
professional practice. Completely rewritten to enhance clarity, this fourth edition provides engineers with a
strong understanding of the field. With the help of an additional co-author, the text presents new information
on bioseparations throughout the chapters. A new chapter on mechanical separations covers settling, filtration
and centrifugation including mechanical separations in biotechnology and cell lysis. Boxes help highlight
fundamental equations. Numerous new examples and exercises are integrated throughout as well.

Extraction and Leaching

Book presents mass transfer fundamentals in easily understandable form using worked examples to illustrate
basic concepts and calculations

Separation Process Principles

\"Written by engineers for engineers (with over 150 International Editorial Advisory Board members),this
highly lauded resource provides up-to-the-minute information on the chemical processes, methods, practices,
products, and standards in the chemical, and related, industries. \"

Graduating Engineer
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Part of the Essential Engineering Calculations Series, this book presents step-by-step solutions of the basic
principles of mass transfer operations, including sample problems and solutions and their applications, such
as distillation, absorption, and stripping. Presenting the subject from a strictly pragmatic point of view,
providing both the principles of mass transfer operations and their applications, with clear instructions on
how to carry out the basic calculations needed, the book also covers topics useful for readers taking their
professional exams.

WORKED EXAMPLES IN MASS TRANSFER

Use of Adsorbents for the Removal of Pollutants from Wastewater describes the most commonly occurring
industrial effluents, and presents direct means and methodologies for treating them. In addition to its
excellent introduction to pollutants, this book contains all of the basics you need for understanding the
characteristics and applications of adsorbent materials. With this book, you can choose from a wide variety of
traditional and novel adsorbents, including alternative, relatively inexpensive adsorbents.

Chemical Engineering Education

The chapters in this volume explore ultrasound-assisted regeneration of silica gel, ultrasound-assisted
regeneration for a new honeycomb desiccant material, ultrasound-atomizing regeneration for liquid
desiccants, ultrasonic transducers, and much more.

Engineering Education

The subject of transport phenomena has long been thoroughly and expertly addressed on the graduate and
theoretical levels. Now Transport Phenomena and Unit Operations: A Combined Approach endeavors not
only to introduce the fundamentals of the discipline to a broader, undergraduate-level audience but also to
apply itself to the concerns of practicing engineers as they design, analyze, and construct industrial
equipment. Richard Griskey's innovative text combines the often separated but intimately related disciplines
of transport phenomena and unit operations into one cohesive treatment. While the latter was an academic
precursor to the former, undergraduate students are often exposed to one at the expense of the other.
Transport Phenomena and Unit Operations bridges the gap between theory and practice, with a focus on
advancing the concept of the engineer as practitioner. Chapters in this comprehensive volume include:
Transport Processes and Coefficients Frictional Flow in Conduits Free and Forced Convective Heat Transfer
Heat Exchangers Mass Transfer; Molecular Diffusion Equilibrium Staged Operations Mechanical
Separations Each chapter contains a set of comprehensive problem sets with real-world quantitative data,
affording students the opportunity to test their knowledge in practical situations. Transport Phenomena and
Unit Operations is an ideal text for undergraduate engineering students as well as for engineering
professionals.

Encyclopedia of Chemical Processing and Design

This work has been selected by scholars as being culturally important and is part of the knowledge base of
civilization as we know it. This work is in the public domain in the United States of America, and possibly
other nations. Within the United States, you may freely copy and distribute this work, as no entity (individual
or corporate) has a copyright on the body of the work. Scholars believe, and we concur, that this work is
important enough to be preserved, reproduced, and made generally available to the public. To ensure a
quality reading experience, this work has been proofread and republished using a format that seamlessly
blends the original graphical elements with text in an easy-to-read typeface. We appreciate your support of
the preservation process, and thank you for being an important part of keeping this knowledge alive and
relevant.
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Mass Transfer Operations for the Practicing Engineer

Fractionators, separators and accumulators, cooling towers, gas treating, blending, troubleshooting field
cases, gas solubility, and density of irregular solids * Hundreds of common sense techniques, shortcuts, and
calculations.

Use of Adsorbents for the Removal of Pollutants from Wastewater

Handbook of Farm, Dairy and Food Machinery Engineering is the essential reference for engineers who need
to understand those aspects of the food industry from farm machinery to food storage facilities to the
machinery that processes and packages our foods. The process of getting food from \"farm to fork,\" as the
saying goes, involves more than planting, harvesting, shipping, processing, packaging and
distributing—though those are all key components. Effective and efficient food delivery systems are built
around processes that maximize the effort while minimizing cost, time, and resource depletion. This
comprehensive reference is for engineers who design and build machinery and processing equipment,
shipping containers, and packaging and storage equipment. It includes cutting-edge coverage of microwave
vacuum application in grain processing, cacao processing, fruit and vegetable processing, ohmic heating of
meat, facility design, closures for glass containers, double seaming, and much more. Provides cross-topic
information for translational research and potential application Focuses on design and controls – written for
engineers by engineers – always with practical applications in mind Includes design of machinery and
facilities as well as theoretical basis for determining and predicting behavior of foods as they are handled and
processed

Ultrasonic Technology for Desiccant Regeneration

The only comprehensive source on extraction process optimization, this book details the installation,
construction, development, modeling, control, and economics of conventional and specialized extraction
systems in the food processing industry. It supplies case studies for illustration of specific extraction systems
in commercial food production.

Environmental Assessment of the Alaskan Continental Shelf

Indispensable for food, chemical, mechanical, and packaging engineers, Handbook of Farm, Dairy, and Food
Machinery covers in one comprehensive volume fundamental food engineering principles in the design of
food industry machinery. The handbook provides broad, yet technically detailed coverage of food safety,
regulations, product processing systems, packaging, facilities, waste management, and machinery design
topics in a ôfarm to the forkö organization. The 22 chapters are contributed by leading experts worldwide
with numerous illustrations, tables, and references. The book includes the new USDA regulations for
ôcertified organicö processing, as well as state-of-the-art technologies for equipment both on the farm and in
the plant.

Chemical Engineering Practice: Fluid systems. 2 v

This textbook is intended for courses in heat transfer for undergraduates, not only in chemical engineering
and related disciplines of biochemical engineering and chemical technology, but also in mechanical
engineering and production engineering. The author provides the reader with a very thorough account of the
fundamental principles and their applications to engineering practice, including a survey of the recent
developments in heat transfer equipment.The three basic modes of heat transfer - conduction, convection and
radiation - have been comprehensively analyzed and elucidated by solving a wide range of practical and
design-oriented problems. A whole chapter has been devoted to explain the concept of the heat transfer
coefficient to give a feel of its importance in tackling problems of convective heat transfer. The use of the
important heat transfer correlations has been illustrated with carefully selected examples.
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Transport Phenomena and Unit Operations

Introduction - Conduction - Convection - Radiation - Heat Exchange Equipments - Evaporation - Diffusion -
Distillation - Gas Absorption - Liquid Liquid Extraction - Crystallisation - Drying - Appendix I Try yourself
- Appendix II Thermal conductivity data - Appendix III Steam tables

Liquid Extraction
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