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A practical, concise guide to chemical engineering principles and applications Chemical Engineering: The Essential
Reference is the condensed but authoritative chemical engineering reference, boiled down to principles and hands-on
skills needed to solve real-world problems. Emphasizing a pragmatic approach, the book delivers critical content in a
convenient format and presents on-the-job topics of importance to the chemical engineer of tomorrow—OM&I (operation,
maintenance, and inspection) procedures, nanotechnology, how to purchase equipment, legal considerations, the need
for a second language and for oral and written communication skills, and ABET (Accreditation Board for Engineering and
Technology) topics for practicing engineers. This is an indispensable resource for anyone working as a chemical
engineer or planning to enter the field. Praise for Chemical Engineering: The Essential Reference: “Current and
relevant...over a dozen topics not normally addressed...invaluable to my work as a consultant and educator.” —Kumar
Ganesan, Professor and Department Head, Department of Environmental Engineering, Montana Tech of the University
of Montana “A much-needed and unique book, tough not to like...loaded with numerous illustrative examples...a book
that looks to the future and, for that reason alone, will be of great interest to practicing engineers.” —Anthony Buonicore,
Principal, Buonicore Partners Coverage includes: Basic calculations and key tables Process variables Numerical
methods and optimization Oral and written communication Second language(s) Chemical engineering processes
Stoichiometry Thermodynamics Fluid flow Heat transfer Mass transfer operations Membrane technology Chemical
reactors Process control Process design Biochemical technology Medical applications Legal considerations Purchasing
equipment Operation, maintenance, and inspection (OM&I) procedures Energy management Water management
Nanotechnology Project management Environment management Health, safety, and accident management Probability
and statistics Economics and finance Ethics Open-ended problems
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.
Macroscopic balances; Dimensional analysis; Application of the macroscopic balances to flow measurement; Momentum
transfer in fluid flow; Momentum transfer coefficients; Momentun transfer applications; Heat trnasfer coefficients and
applications; Mass transfer; Design equations for mass transfer; Mass transfer applications.
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.
Originally published: New York: McGraw-Hill, 1971. 2nd ed. Includes a new introduction.
This classic text is an exploration of the practical aspects of thermodynamics and heat transfer. It was designed for daily use and reference
for system design and for troubleshooting common engineering problems-an indispensable resource for practicing process engineers.
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.
A thorough introduction to the fundamentals and applications of microscopic and macroscopic mass transfer.
The Definitive, Fully Updated Guide to Separation Process Engineering–Now with a Thorough Introduction to Mass Transfer Analysis
Separation Process Engineering, Third Edition, is the most comprehensive, accessible guide available on modern separation processes and
the fundamentals of mass transfer. Phillip C. Wankat teaches each key concept through detailed, realistic examples using real data–including
up-to-date simulation practice and new spreadsheet-based exercises. Wankat thoroughly covers each of today's leading approaches,
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including flash, column, and batch distillation; exact calculations and shortcut methods for multicomponent distillation; staged and packed
column design; absorption; stripping; and more. In this edition, he also presents the latest design methods for liquid-liquid extraction. This
edition contains the most detailed coverage available of membrane separations and of sorption separations (adsorption, chromatography,
and ion exchange). Updated with new techniques and references throughout, Separation Process Engineering, Third Edition, also contains
more than 300 new homework problems, each tested in the author's Purdue University classes. Coverage includes Modular, up-to-date
process simulation examples and homework problems, based on Aspen Plus and easily adaptable to any simulator Extensive new coverage
of mass transfer and diffusion, including both Fickian and Maxwell-Stefan approaches Detailed discussions of liquid-liquid extraction,
including McCabe-Thiele, triangle and computer simulation analyses; mixer-settler design; Karr columns; and related mass transfer analyses
Thorough introductions to adsorption, chromatography, and ion exchange–designed to prepare students for advanced work in these areas
Complete coverage of membrane separations, including gas permeation, reverse osmosis, ultrafiltration, pervaporation, and key applications
A full chapter on economics and energy conservation in distillation Excel spreadsheets offering additional practice with problems in
distillation, diffusion, mass transfer, and membrane separation

CD-ROM contains: the limited academic version of Engineering equation solver(EES) with homework problems.
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.
Designed as an undergraduate-level textbook in Chemical Engineering, this student-friendly, thoroughly class-room
tested book, now in its second edition, continues to provide an in-depth analysis of chemical engineering
thermodynamics. The book has been so organized that it gives comprehensive coverage of basic concepts and
applications of the laws of thermodynamics in the initial chapters, while the later chapters focus at length on important
areas of study falling under the realm of chemical thermodynamics. The reader is thus introduced to a thorough analysis
of the fundamental laws of thermodynamics as well as their applications to practical situations. This is followed by a
detailed discussion on relationships among thermodynamic properties and an exhaustive treatment on the
thermodynamic properties of solutions. The role of phase equilibrium thermodynamics in design, analysis, and operation
of chemical separation methods is also deftly dealt with. Finally, the chemical reaction equilibria are skillfully explained.
Besides numerous illustrations, the book contains over 200 worked examples, over 400 exercise problems (all with
answers) and several objective-type questions, which enable students to gain an in-depth understanding of the concepts
and theory discussed. The book will also be a useful text for students pursuing courses in chemical engineering-related
branches such as polymer engineering, petroleum engineering, and safety and environmental engineering. New to This
Edition • More Example Problems and Exercise Questions in each chapter • Updated section on Vapour–Liquid
Equilibrium in Chapter 8 to highlight the significance of equations of state approach • GATE Questions up to 2012 with
answers
The authors have written a practical introductory text exploring the theory and applications of unit operations for
environmental engineers that is a comprehensive update to Linvil Rich’s 1961 classic work, “Unit Operations in Sanitary
Engineering”. The book is designed to serve as a training tool for those individuals pursuing degrees that include courses
on unit operations. Although the literature is inundated with publications in this area emphasizing theory and theoretical
derivations, the goal of this book is to present the subject from a strictly pragmatic introductory point-of-view, particularly
for those individuals involved with environmental engineering. This book is concerned with unit operations, fluid flow, heat
transfer, and mass transfer. Unit operations, by definition, are physical processes although there are some that include
chemical and biological reactions. The unit operations approach allows both the practicing engineer and student to
compartmentalize the various operations that constitute a process, and emphasizes introductory engineering principles
so that the reader can then satisfactorily predict the performance of the various unit operation equipment.
This text allows instructors to teach a course on heat and mass transfer that will equip students with the pragmatic,
applied skills required by the modern chemical industry. This new approach is a combined presentation of heat and mass
transfer, maintaining mathematical rigor while keeping mathematical analysis to a minimum. This allows students to
develop a strong conceptual understanding, and teaches them how to become proficient in engineering analysis of mass
contactors and heat exchangers and the transport theory used as a basis for determining how critical coefficients depend
upon physical properties and fluid motions. Students will first study the engineering analysis and design of equipment
important in experiments and for the processing of material at the commercial scale. The second part of the book
presents the fundamentals of transport phenomena relevant to these applications. A complete teaching package includes
a comprehensive instructor's guide, exercises, case studies, and project assignments.
LIQUID EXTRACTION by ROBERT E. TREYBAL. PREFACE: The unit operation, liquid extraction, has rapidly assumed
major indus trial significance as a means of separating the components of solutions. Whereas simple extraction
procedures have been a Omrngn and familiar laboratory practice for many years, in the technical application to large
scale industrial processes a wide variety of complex flowsheets and equip ment types has been developed, the
usefulness of which has not been thor oughly explored. As so frequently happens, the needs of the chemical industry
have advanced much more rapidly than the accumulation of design data necessary for adequate application of these
techniques. Much of the resulting confusion and possible hesitancy in applying extraction to separa tion problems can be
removed by outlining its potentialities and limitations in organized form. It is sincerely hoped that this book will be of
service in this respect. Relatively little instruction is given in liquid extraction in undergraduate chemical-engineering
courses, and graduate courses have been developed only recently. As a consequence, many chemical engineers and
chemists who must work with extraction have had little if any formal introduction to the subject. It is one of the purposes
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of this book to provide a text suitable not only for organized courses, but also for those who must study without benefit of
guidance. To this end, the book contains many illustrative examples worked out in detail and a collection of problems for
student practice. In addition, for those who may wish to investigate sources of original data, fairly complete bibliographies
are appended to each chapter. In so far as it was possible a consistent notation was used throughout the book the
number of mathematical symbols required was so great, however, that duplicate meanings for a few could not be
avoided. The table of notation at the end of each chapter provides adequate definition of these so that there should be no
confusion. It is the additional purpose of this book to set forth in logical order the known facts concerning liquid extraction
and as far as possible to establish from them general principles which can be used as guides in evaluation. It would be
presumptuous to suppose that, in the present early stages of technical development of the operation, this has been
entirely successful there is as yet too much that is contradictory. Indeed, in the preparation of this manuscript I have been
singularly impressed by the wisdom of the observation of Sir Charles Singer, the medical historian If from the facts no
laws emerge, the facts themselves become an obstacle, not an aid, to scientific advance. On the other hand, if
knowledge of the shortcomings of our available information leads to more logically organized research and investigation
in the future, much will have been gained. The contribution of many industrial firms, technical organizations and
publications, and individuals to this book have been acknowledged at ap propriate places throughout the text, but this
cannot indicate the trouble to which many of them were put and the very considerable cooperation which they offered.
This rather inadequate mention of their assistance is in no way indicative of my gratitude. In addition, I wish to thank J. C.
Elgin, W. E. Lobo, V. S. Morello, and J. H. Rushton, who were helpful in many ways and my colleagues at New York
University, T. W. Davis, John Happel, Morris Newman, and J. E. Ricci, who read and criticized portions of the manuscript.
Most of all my thanks are due my wife, Gertrude I...
In A Simple And Systematic Manner, This Book Presents An Exhaustive Account Of Various Mass Transfer Operations
Involved In Chemical Engineering.Emphasising The Basic Concepts And Techniques, The Book Discusses In Detail
Material And Energy Balances, Distillation, Absorption And Stripping And Extraction.The Book Also Explains The
Relevant Aspects Of Equipment Design.Recent Developments Like Permeation, Ion Exchange And Froth Floatation
Have Also Been Discussed.A Large Number Of Digital Computer Programs Are Included To Illustrate Computer-Aided
Techniques.Several Solved Examples And Practice Problems Are Presented In Each Chapter To Illustrate The
Theory.With All These Features, This Is An Ideal Text For Undergraduate Chemical Engineering Students. Practising
Engineers And Students Of Pharmacy And Metallurgy Would Also Find The Book A Useful Reference Source.
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
The transfer across the surface of environmental waters is of interest as an important phase in the geophysical and
natural biochemical cycles of numer ous substances; indeed it governs the transition, one way or the other, be tween the
dissolved state in the water and the gaseous state in the atmo sphere. Especially with increasing population and
industrialization, gas transfer at water surfaces has become a critical factor in the understanding of the various pathways
of wastes in the environment and of their engineering management. This interfacial mass transfer is, by its very nature,
highly complex. The air and the water are usually in turbulent motion, and the interface be tween them is irregular, and
disturbed by waves, sometimes accompanied by breaking, spray and bubble formation. Thus the transfer involves a wide
variety of physical phenomena occurring over a wide range of scales. As a consequence, scientists and engineers from
diverse disciplines and problem areas, have approached the problem, often with greatly differing analytical and
experimental techniques and methodologies.
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.
to increase the use of direct contact processes, the National Science Foundation sup ported a workshop on direct contact heat
transfer at the Solar Energy Research Insti tute in the summer of 1985. We served as organizers for this workshop, which em
phasized an area of thermal engineering that, in our opinion, has great promise for the future, but has not yet reached the point of
wide-spread commercial application. Hence, a summary of the state of knowledge at this point is timely. The workshop had a dual
objective: 1. To summarize the current state of knowledge in such a form that industrial practi tioners can make use of the
available information. 2. To indicate the research and development needed to advance the state-of-the-art, indicating not only what
kind of research is needed, but also the industrial poten tial that could be realized if the information to be obtained through the
proposed research activities were available.
Fundamentals of Momentum, Heat and Mass Transfer, Revised, 6th Edition provides a unified treatment of momentum transfer
(fluid mechanics), heat transfer and mass transfer. The new edition has been updated to include more modern examples,
problems, and illustrations with real world applications. The treatment of the three areas of transport phenomena is done
sequentially. The subjects of momentum, heat, and mass transfer are introduced, in that order, and appropriate analysis tools are
developed.
The Second Edition of Food Process Engineering by Dr. Dennis Heldman, my former student, and co-author Paul Singh, his
former student, attests to the importance of the previous edition. In the Foreword to the First Edition, I noted the need for people in
all facets of the food processing industry to consider those variables of design of particular importance in engineering for the food
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processing field. In addition to recognizing the many variables involved in the biological food product being handled from
production to consumption, the engi neer must oftentimes adapt equations developed for non-biological materials. As more and
more research is done, those equations are appropriately modified to be more accurate or new equations are developed
specifically for designing to process foods. This Edition updates equations used. This book serves a very important need in
acquainting engineers and technologists, particularly those with a math ematics and physics background, with the information
necessary to provide a more efficient design to accomplish the objectives. Of prime importance, at present and in the future, is to
design for efficient use of energy. Now, it is often economical to put considerably more money into first costs for an efficient design
than previously, when energy costs were a much smaller proportion of the total cost of process engineering.
Up-to-Date Coverage of All Chemical Engineering Topics?from the Fundamentals to the State of the Art Now in its 85th
Anniversary Edition, this industry-standard resource has equipped generations of engineers and chemists with vital information,
data, and insights. Thoroughly revised to reflect the latest technological advances and processes, Perry's Chemical Engineers'
Handbook, Ninth Edition, provides unsurpassed coverage of every aspect of chemical engineering. You will get comprehensive
details on chemical processes, reactor modeling, biological processes, biochemical and membrane separation, process and
chemical plant safety, and much more. This fully updated edition covers: Unit Conversion Factors and Symbols • Physical and
Chemical Data including Prediction and Correlation of Physical Properties • Mathematics including Differential and Integral
Calculus, Statistics , Optimization • Thermodynamics • Heat and Mass Transfer • Fluid and Particle Dynamics *Reaction Kinetics
• Process Control and Instrumentation• Process Economics • Transport and Storage of Fluids • Heat Transfer Operations and
Equipment • Psychrometry, Evaporative Cooling, and Solids Drying • Distillation • Gas Absorption and Gas-Liquid System Design
• Liquid-Liquid Extraction Operations and Equipment • Adsorption and Ion Exchange • Gas-Solid Operations and Equipment •
Liquid-Solid Operations and Equipment • Solid-Solid Operations and Equipment •Chemical Reactors • Bio-based Reactions and
Processing • Waste Management including Air ,Wastewater and Solid Waste Management* Process Safety including Inherently
Safer Design • Energy Resources, Conversion and Utilization* Materials of Construction
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