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offering updated insights and problem-solving techniques for a deeper understanding.
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Chemical and Engineering Thermodynamics

A revised edition of the well-received thermodynamics text, this work retains the thorough coverage 
and excellent organization that made the first edition so popular. Now incorporates industrially relevant 
microcomputer programs, with which readers can perform sophisticated thermodynamic calculations, 
including calculations of the type they will encounter in the lab and in industry. Also provides a unified 
treatment of phase equilibria. Emphasis is on analysis and prediction of liquid-liquid and vapor-liquid 
equilibria, solubility of gases and solids in liquids, solubility of liquids and solids in gases and super-
critical fluids, freezing point depressions and osmotic equilibria, as well as traditional vapor-liquid and 
chemical reaction equilibria. Contains many new illustrations and exercises.

Chemical, Biochemical, and Engineering Thermodynamics

In this newly revised 5th Edition of Chemical and Engineering Thermodynamics, Sandler presents a 
modern, applied approach to chemical thermodynamics and provides sufficient detail to develop a 
solid understanding of the key principles in the field. The text confronts current information on environ-
mental and safety issues and how chemical engineering principles apply in biochemical engineering, 
bio-technology, polymers, and solid-state-processing. This book is appropriate for the undergraduate 
and graduate level courses.

Wie Chemical and Engineering Thermodynamics, 3rd Edition, International Ed Cancelled

This book develops the theory of chemical thermodynamics from first principles, demonstrates its 
relevance across scientific and engineering disciplines, and shows how thermodynamics can be used 
as a practical tool for understanding natural phenomena and developing and improving technologies 
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and products. Concepts such as internal energy, enthalpy, entropy, and Gibbs energy are explained 
using ideas and experiences familiar to students, and realistic examples are given so the usefulness 
and pervasiveness of thermodynamics becomes apparent. The worked examples illustrate key ideas 
and demonstrate important types of calculations, and the problems at the end of chapters are designed 
to reinforce important concepts and show the broad range of applications. Most can be solved using 
digitized data from open access databases and a spreadsheet. Answers are provided for the numerical 
problems. A particular theme of the book is the calculation of the equilibrium composition of systems, 
both reactive and non-reactive, and this includes the principles of Gibbs energy minimization. The 
overall approach leads to the intelligent use of thermodynamic software packages but, while these are 
discussed and their use demonstrated, they are not the focus of the book, the aim being to provide the 
necessary foundations. Another unique aspect is the inclusion of three applications chapters: heat and 
energy aspects of processing; the thermodynamics of metal production and recycling; and applications 
of electrochemistry. This book is aimed primarily at students of chemistry, chemical engineering, applied 
science, materials science, and metallurgy, though it will be also useful for students undertaking 
courses in geology and environmental science. A solutions manual is available for instructors.

Chemical Thermodynamics

An applications-oriented text, this revised edition includes new techniques and now has expanded 
coverage of Van der Waals equations of state, behaviour of electrolytes in aqueous solutions, and 
applications of thermodynamics in biochemical engineering.

Chemical and Process Thermodynamics

Designed as an undergraduate-level textbook in Chemical Engineering, this student-friendly, thorough-
ly 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

A TEXTBOOK OF CHEMICAL ENGINEERING THERMODYNAMICS

This book covers the fundamentals of the rapidly growing field of biothermodynamics, showing how 
thermodynamics can best be applied to applications and processes in biochemical engineering. 
It describes the rigorous application of thermodynamics in biochemical engineering to rationalize 
bioprocess development and obviate a substantial fraction of this need for tedious experimental work. 
As such, this book will appeal to a diverse group of readers, ranging from students and professors in 
biochemical engineering, to scientists and engineers, for whom it will be a valuable reference.

Biothermodynamics

Building up gradually from first principles, this unique introduction to modern thermodynamics in-
tegrates classical, statistical and molecular approaches and is especially designed to support stu-
dents studying chemical and biochemical engineering. In addition to covering traditional problems 
in engineering thermodynamics in the context of biology and materials chemistry, students are also 
introduced to the thermodynamics of DNA, proteins, polymers and surfaces. It includes over 80 detailed 
worked examples, covering a broad range of scenarios such as fuel cell efficiency, DNA/protein binding, 
semiconductor manufacturing and polymer foaming, emphasizing the practical real-world applications 



of thermodynamic principles; more than 300 carefully tailored homework problems, designed to stretch 
and extend students' understanding of key topics, accompanied by an online solution manual for 
instructors; and all the necessary mathematical background, plus resources summarizing commonly 
used symbols, useful equations of state, microscopic balances for open systems, and links to useful 
online tools and datasets.

Molecular Engineering Thermodynamics

The book presents concepts and equations of equilibrium thermodynamics or thermostatics. Key 
features that distinguish this book from others on chemical engineering thermodynamics are: a 
mathematical treatment of the developments leading to the discovery of the internal energy and 
entropy; a clear distinction between the classical thermodynamics of Carnot, Clausius and Kelvin and 
the thermostatics of Gibbs; an intensive/specific variable formalism from which the extensive variable 
formalism is obtained as a special case; a systematic method of obtaining the central equations of 
thermostatics with the use of the implicit/inverse function theorems and the chain rule. Please note: 
Taylor & Francis does not sell or distribute the Hardback in India, Pakistan, Nepal, Bhutan, Bangladesh 
and Sri Lanka.

Chemical Engineering

This book concentrates on the topic of physical and chemical equilibrium. Using the simplest math-
ematics along with numerous numerical examples it accurately and rigorously covers physical and 
chemical equilibrium in depth and detail. It continues to cover the topics found in the first edition however 
numerous updates have been made including: Changes in naming and notation (the first edition used 
the traditional names for the Gibbs Free Energy and for Partial Molal Properties, this edition uses the 
more popular Gibbs Energy and Partial Molar Properties,) changes in symbols (the first edition used 
the Lewis-Randal fugacity rule and the popular symbol for the same quantity, this edition only uses the 
popular notation,) and new problems have been added to the text. Finally the second edition includes 
an appendix about the Bridgman table and its use.

Physical and Chemical Equilibrium for Chemical Engineers

Revised, updated, and rewritten where necessary, but keeping the clear writing and organizational style 
that made previous editions so popular, Elements of Environmental Engineering: Thermodynamics 
and Kinetics, Third Edition contains new problems and new examples that better illustrate theory. The 
new edition contains examples with practical flavor such as global warming, ozone layer depletion, 
nanotechnology, green chemistry, and green engineering. With detailed theoretical discussion and 
principles illuminated by numerical examples, this book fills the gaps in coverage of the principles and 
applications of kinetics and thermodynamics in environmental engineering and science. New topics 
covered include: Green Chemistry and Engineering Biological Processes Life Cycle Analysis Global 
Climate Change The author discusses the applications of thermodynamics and kinetics and delineates 
the distribution of pollutants and the interrelationships between them. His demonstration of the theo-
retical foundations of chemical property estimations gives students an in depth understanding of the 
limitations of thermodynamics and kinetics as applied to environmental fate and transport modeling and 
separation processes for waste treatment. His treatment of the material underlines the multidisciplinary 
nature of environmental engineering. This book is unusual in environmental engineering since it deals 
exclusively with the applications of chemical thermodynamics and kinetics in environmental processes. 
The book’s multimedia approach to fate and transport modeling and in pollution control design options 
provides a science and engineering treatment of environmental problems.

Elements of Environmental Engineering

Thermodynamic Approaches in Engineering Systems responds to the need for a synthesizing volume 
that throws light upon the extensive field of thermodynamics from a chemical engineering perspective 
that applies basic ideas and key results from the field to chemical engineering problems. This book 
outlines and interprets the most valuable achievements in applied non-equilibrium thermodynamics 
obtained within the recent fifty years. It synthesizes nontrivial achievements of thermodynamics in 
important branches of chemical and biochemical engineering. Readers will gain an update on what 
has been achieved, what new research problems could be stated, and what kind of further studies 
should be developed within specialized research. Presents clearly structured chapters beginning with 
an introduction, elaboration of the process, and results summarized in a conclusion Written by a 



first-class expert in the field of advanced methods in thermodynamics Provides a synthesis of recent 
thermodynamic developments in practical systems Presents very elaborate literature discussions from 
the past fifty years

Thermodynamic Approaches in Engineering Systems

Natural phenomena consist of simultaneously occurring transport processes and chemical reactions. 
These processes may interact with each other and may lead to self-organized structures, fluctuations, 
instabilities, and evolutionary systems. Nonequilibrium Thermodynamics, Third Edition emphasizes the 
unifying role of thermodynamics in analyzing the natural phenomena. This third edition updates and 
expands on the first and second editions by focusing on the general balance equations for coupled 
processes of physical, chemical, and biological systems. The new edition contains a new chapter on 
stochastic approaches to include the statistical thermodynamics, mesoscopic nonequilibrium thermo-
dynamics, fluctuation theory, information theory, and modeling the coupled biochemical systems in 
thermodynamic analysis. This new addition also comes with more examples and practice problems. 
Informs and updates on all the latest developments in the field Contributions from leading authorities 
and industry experts A useful text for seniors and graduate students from diverse engineering and 
science programs to analyze some nonequilibrium, coupled, evolutionary, stochastic, and dissipative 
processes Highlights fundamentals of equilibrium thermodynamics, transport processes and chemical 
reactions Expands the theory of nonequilibrium thermodynamics and its use in coupled transport 
processes and chemical reactions in physical, chemical, and biological systems Presents a unified 
analysis for transport and rate processes in various time and space scales Discusses stochastic 
approaches in thermodynamic analysis including fluctuation and information theories Has 198 fully 
solved examples and 287 practice problems An Instructor Resource containing the Solution Manual 
can be obtained from the author: ydemirel2@unl.edu

Nonequilibrium Thermodynamics

This book offers a full account of thermodynamic systems in chemical engineering. It provides a solid 
understanding of the basic concepts of the laws of thermodynamics as well as their applications with 
a thorough discussion of phase and chemical reaction equilibria. At the outset the text explains the 
various key terms of thermodynamics with suitable examples and then thoroughly deals with the virial 
and cubic equations of state by showing the P-V-T (pressure, molar volume and temperature) relation 
of fluids. It elaborates on the first and second laws of thermodynamics and their applications with the 
help of numerous engineering examples. The text further discusses the concepts of exergy, standard 
property changes of chemical reactions, thermodynamic property relations and fugacity. The book also 
includes detailed discussions on residual and excess properties of mixtures, various activity coefficient 
models, local composition models, and group contribution methods. In addition, the text focuses on 
vapour-liquid and other phase equilibrium calculations, and analyzes chemical reaction equilibria and 
adiabatic reaction temperature for systems with complete and incomplete conversion of reactants. 
key Features l Includes a large number of fully worked-out examples to help students master the 
concepts discussed. l Provides well-graded problems with answers at the end of each chapter to test 
and foster students’ conceptual understanding of the subject. The total number of solved examples 
and end-chapter exercises in the book are over 600. l Contains chapter summaries that review the 
major concepts covered. The book is primarily designed for the undergraduate students of chemical 
engineering and its related disciplines such as petroleum engineering and polymer engineering. It can 
also be useful to professionals. The Solution Manual containing the complete worked-out solutions to 
chapter-end exercises and problems is available for instructors.

Chemical Engineering Thermodynamics

The goal of this textbook is to provide first-year engineering students with a firm grounding in the 
fundamentals of chemical and bioprocess engineering. However, instead of being a general overview 
of the two topics, Fundamentals of Chemical and Bioprocess Engineering will identify and focus on 
specific areas in which attaining a solid competency is desired. This strategy is the direct result of 
studies showing that broad-based courses at the freshman level often leave students grappling with a 
lot of material, which results in a low rate of retention. Specifically, strong emphasis will be placed on 
the topic of material balances, with the intent that students exiting a course based upon this textbook 
will be significantly higher on Bloom’s Taxonomy (knowledge, comprehension, application, analysis 
and synthesis, evaluation, creation) relating to material balances. In addition, this book also provides 



students with a highly developed ability to analyze problems from the material balances perspective, 
which leaves them with important skills for the future. The textbook consists of numerous exercises 
and their solutions. Problems are classified by their level of difficulty. Each chapter has references and 
selected web pages to vividly illustrate each example. In addition, to engage students and increase 
their comprehension and rate of retention, many examples involve real-world situations.

Chemical and Bioprocess Engineering

One of the goals of An Introduction to Applied Statistical Thermodynamics is to introduce readers to the 
fundamental ideas and engineering uses of statistical thermodynamics, and the equilibrium part of the 
statistical mechanics. This text emphasises on nano and bio technologies, molecular level descriptions 
and understandings offered by statistical mechanics. It provides an introduction to the simplest forms 
of Monte Carlo and molecular dynamics simulation (albeit only for simple spherical molecules) and 
user-friendly MATLAB programs for doing such simulations, and also some other calculations. The 
purpose of this text is to provide a readable introduction to statistical thermodynamics, show its utility 
and the way the results obtained lead to useful generalisations for practical application. The text also 
illustrates the difficulties that arise in the statistical thermodynamics of dense fluids as seen in the 
discussion of liquids.

An Introduction to Applied Statistical Thermodynamics

In this book, two leading experts and long-time instructors thoroughly explain therodynamics, taking the 
molecular perspective that working engineers require. This edition contains extensive new coverage 
of today's fast-growing biochemical engineering applications, notably biomass conversion to fuels and 
chemicals. It also presents many new MATLAB examples and tools to complement its previous usage 
of Excel and other software.

Introductory Chemical Engineering Thermodynamics

CRC Press is pleased to introduce the new edition of Commonly Asked Questions in Thermodynamics, 
an indispensable resource for those in modern science and engineering disciplines from molecular 
science, engineering and biotechnology to astrophysics. Fully updated throughout, this edition features 
two new chapters focused on energy utilization and biological systems. This edition begins by setting 
out the fundamentals of thermodynamics, including its basic laws and overarching principles. It provides 
explanations of those principles in an organized manner, using questions that arise frequently from 
undergraduates in the classroom as the stimulus. These early chapters explore the language of ther-
modynamics; the first and second laws; statistical mechanical theory; measurement of thermodynamic 
quantities and their relationships; phase behavior in single and multicomponent systems; electro-
chemistry; and chemical and biochemical reaction equilibria. The later chapters explore applications 
of these fundamentals to a diverse set of subjects including power generation (with and without fossil 
fuels) for transport, industrial and domestic use; heating; decarbonization technologies; energy storage; 
refrigeration; environmental pollution; and biotechnology. Data sources for the properties needed to 
complete thermodynamic evaluations of many processes are included. The text is designed for readers 
to dip into to find an answer to a specific question where thermodynamics can provide some, if not all, 
of the answers, whether in the context of an undergraduate course or not. Thus its readership extends 
beyond conventional technical undergraduates to practicing engineers and also to the interested lay 
person who seeks to understand the discourse that surrounds the choice of particular technological 
solutions to current and future energy and material production problems.

Commonly Asked Questions in Thermodynamics

Natural phenomena consist of simultaneously occurring transport processes and chemical reactions. 
These processes may interact with each other and lead to instabilities, fluctuations, and evolutionary 
systems. This book explores the unifying role of thermodynamics in natural phenomena. Nonequilibrium 
Thermodynamics, Second Edition analyzes the transport processes of energy, mass, and momentum 
transfer processes, as well as chemical reactions. It considers various processes occurring simul-
taneously, and provides students with more realistic analysis and modeling by accounting possible 
interactions between them. This second edition updates and expands on the first edition by focusing on 
the balance equations of mass, momentum, energy, and entropy together with the Gibbs equation for 
coupled processes of physical, chemical, and biological systems. Every chapter contains examples and 
practical problems to be solved. This book will be effective in senior and graduate education in chemical, 



mechanical, systems, biomedical, tissue, biological, and biological systems engineering, as well as 
physical, biophysical, biological, chemical, and biochemical sciences. Will help readers in understand-
ing and modelling some of the coupled and complex systems, such as coupled transport and chemical 
reaction cycles in biological systems Presents a unified approach for interacting processes - combines 
analysis of transport and rate processes Introduces the theory of nonequilibrium thermodynamics and 
its use in simultaneously occurring transport processes and chemical reactions of physical, chemical, 
and biological systems A useful text for students taking advanced thermodynamics courses

Nonequilibrium Thermodynamics

This book, now in its second edition, continues to provide a comprehensive introduction to the 
principles of chemical engineering thermodynamics and also introduces the student to the application 
of principles to various practical areas. The book emphasizes the role of the fundamental principles 
of thermodynamics in the derivation of significant relationships between the various thermodynamic 
properties. The initial chapter provides an overview of the basic concepts and processes, and discusses 
the important units and dimensions involved. The ensuing chapters, in a logical presentation, thoroughly 
cover the first and second laws of thermodynamics, the heat effects, the thermodynamic properties 
and their relations, refrigeration and liquefaction processes, and the equilibria between phases and in 
chemical reactions. The book is suitably illustrated with a large number of visuals. In the second edition, 
new sections on Quasi-Static Process and Entropy Change in Reversible and Irreversible Processes 
are included. Besides, new Solved Model Question Paper and several new Multiple Choice Questions 
are also added that help develop the students’ ability and confidence in the application of the underlying 
concepts. Primarily intended for the undergraduate students of chemical engineering and other related 
engineering disciplines such as polymer, petroleum and pharmaceutical engineering, the book will also 
be useful for the postgraduate students of the subject as well as professionals in the relevant fields.

Introduction to CHEMICAL ENGINEERING THERMODYNAMICS

Chemical Engineering Computation with MATLAB®, Second Edition continues to present basic to 
advanced levels of problem-solving techniques using MATLAB as the computation environment. The 
Second Edition provides even more examples and problems extracted from core chemical engineering 
subject areas and all code is updated to MATLAB version 2020. It also includes a new chapter 
on computational intelligence and: Offers exercises and extensive problem-solving instruction and 
solutions for various problems Features solutions developed using fundamental principles to construct 
mathematical models and an equation-oriented approach to generate numerical results Delivers 
a wealth of examples to demonstrate the implementation of various problem-solving approaches 
and methodologies for problem formulation, problem solving, analysis, and presentation, as well as 
visualization and documentation of results Includes an appendix offering an introduction to MATLAB 
for readers unfamiliar with the program, which will allow them to write their own MATLAB programs 
and follow the examples in the book Provides aid with advanced problems that are often encountered 
in graduate research and industrial operations, such as nonlinear regression, parameter estimation 
in differential systems, two-point boundary value problems and partial differential equations and 
optimization This essential textbook readies engineering students, researchers, and professionals to be 
proficient in the use of MATLAB to solve sophisticated real-world problems within the interdisciplinary 
field of chemical engineering. The text features a solutions manual, lecture slides, and MATLAB 
program files._

Chemical Engineering Computation with MATLAB®

Nonequilibrium Thermodynamics: Transport and Rate Processes in Physical, Chemical and Biological 
Systems, Fourth Edition emphasizes the unifying role of thermodynamics in analyzing natural phenom-
ena. This updated edition expands on the third edition by focusing on the general balance equations 
for coupled processes of physical, chemical and biological systems. Updates include stochastic 
approaches, self-organization criticality, ecosystems, mesoscopic thermodynamics, constructual law, 
quantum thermodynamics, fluctuation theory, information theory, and modeling the coupled biochem-
ical systems. The book also emphasizes nonequilibrium thermodynamics tools, such as fluctuation 
theories, mesoscopic thermodynamic analysis, information theories, and quantum thermodynamics 
in describing and designing small scale systems. Provides a useful text for seniors and graduate 
students from diverse engineering and science programs Highlights the fundamentals of equilibrium 
thermodynamics, transport processes and chemical reactions Expands the theory of nonequilibrium 



thermodynamics and its use in coupled transport processes and chemical reactions in physical, 
chemical and biological systems Presents a unified analysis for transport and rate processes in 
various time and space scales Discusses stochastic approaches in thermodynamic analysis, including 
fluctuation and information theories, mesoscopic nonequilibrium thermodynamics, constructal law and 
quantum thermodynamics

Nonequilibrium Thermodynamics

Chemical Engineering Design, Second Edition, deals with the application of chemical engineering 
principles to the design of chemical processes and equipment. Revised throughout, this edition has 
been specifically developed for the U.S. market. It provides the latest US codes and standards, including 
API, ASME and ISA design codes and ANSI standards. It contains new discussions of conceptual 
plant design, flowsheet development, and revamp design; extended coverage of capital cost estimation, 
process costing, and economics; and new chapters on equipment selection, reactor design, and solids 
handling processes. A rigorous pedagogy assists learning, with detailed worked examples, end of 
chapter exercises, plus supporting data, and Excel spreadsheet calculations, plus over 150 Patent 
References for downloading from the companion website. Extensive instructor resources, including 
1170 lecture slides and a fully worked solutions manual are available to adopting instructors. This 
text is designed for chemical and biochemical engineering students (senior undergraduate year, 
plus appropriate for capstone design courses where taken, plus graduates) and lecturers/tutors, and 
professionals in industry (chemical process, biochemical, pharmaceutical, petrochemical sectors). New 
to this edition: Revised organization into Part I: Process Design, and Part II: Plant Design. The broad 
themes of Part I are flowsheet development, economic analysis, safety and environmental impact 
and optimization. Part II contains chapters on equipment design and selection that can be used as 
supplements to a lecture course or as essential references for students or practicing engineers working 
on design projects. New discussion of conceptual plant design, flowsheet development and revamp 
design Significantly increased coverage of capital cost estimation, process costing and economics 
New chapters on equipment selection, reactor design and solids handling processes New sections 
on fermentation, adsorption, membrane separations, ion exchange and chromatography Increased 
coverage of batch processing, food, pharmaceutical and biological processes All equipment chapters 
in Part II revised and updated with current information Updated throughout for latest US codes 
and standards, including API, ASME and ISA design codes and ANSI standards Additional worked 
examples and homework problems The most complete and up to date coverage of equipment selection 
108 realistic commercial design projects from diverse industries A rigorous pedagogy assists learning, 
with detailed worked examples, end of chapter exercises, plus supporting data and Excel spreadsheet 
calculations plus over 150 Patent References, for downloading from the companion website Extensive 
instructor resources: 1170 lecture slides plus fully worked solutions manual available to adopting 
instructors

Chemical Engineering Design

This book is an exhaustive presentation of the applications of numerical methods in chemical engineer-
ing. Intended primarily as a textbook for B.E./B.Tech and M.Tech students of chemical engineering, the 
book will also be useful for research and development/process professionals in the fields of chemical, 
biochemical, mechanical and biomedical engineering. The book, now, in its second edition, comprises 
three parts. Part I on General Chemical Engineering is same as given in the first edition of the book. 
It explains solving linear and non-linear algebraic equations, chemical engineering thermodynamics 
problems, initial value problems, boundary value problems and topics related to chemical reaction, 
dispersion and diffusion as well as steady and transient heat conduction. Whereas, Part II and Part 
III comprising two chapters and six chapters, respectively, are newly introduced in the present edition. 
Besides, three appendices covering computer programs have been included. For practice, the book 
provides students with numerous worked-out examples and chapter-end exercises including their 
answers. NEW TO THE SECOND EDITION • Part II on Fixed Bed Catalytic Reactor consists of solving 
multiple gas phase reactions in a PFR, diffusion and multiple reactions in a catalytic pellet, and fixed 
bed catalytic reactor with multiple reactions. • Part III on Multicomponent Distillation consists of solving 
vapour-liquid-liquid isothermal flash using NRTL model, adiabatic flash using Wilson model, bubble 
point method, theta method and Naphtali-Sandholm method for distillation using modified Raoult's law 
with Wilson activity coefficient model.

Thermodynamics and Its Applications



The use of simulation plays a vital part in developing an integrated approach to process design. 
By helping save time and money before the actual trial of a concept, this practice can assist with 
troubleshooting, design, control, revamping, and more. Process Modelling and Simulation in Chemical, 
Biochemical and Environmental Engineering explores effective modeling and simulation approaches 
for solving equations. Using a systematic treatment of model development and simulation studies 
for chemical, biochemical, and environmental processes, this book explains the simplification of a 
complicated process at various levels with the help of a "model sketch." It introduces several types of 
models, examines how they are developed, and provides examples from a wide range of applications. 
This includes the simple models based on simple laws such as Fick’s law, models that consist of 
generalized equations such as equations of motion, discrete-event models and stochastic models 
(which consider at least one variable as a discrete variable), and models based on population balance. 
Divided into 11 chapters, this book: Presents a systematic approach of model development in view of 
the simulation need Includes modeling techniques to model hydrodynamics, mass and heat transfer, 
and reactors for single as well as multi-phase systems Provides stochastic and population balance 
models Covers the application and development of artificial neural network models and hybrid ANN 
models Highlights gradients based techniques as well as statistical techniques for model validation 
and sensitivity analysis Contains examples on development of analytical, stochastic, numerical, and 
ANN-based models and simulation studies using them Illustrates modeling concepts with a wide 
spectrum of classical as well as recent research papers Process Modelling and Simulation in Chemical, 
Biochemical and Environmental Engineering includes recent trends in modeling and simulation, e.g. 
artificial neural network (ANN)-based models, and hybrid models. It contains a chapter on flowsheeting 
and batch processes using commercial/open source software for simulation.

INTRODUCTION TO NUMERICAL METHODS IN CHEMICAL ENGINEERING, SECOND EDITION

This comprehensive work shows how to design and develop innovative, optimal and sustainable 
chemical processes by applying the principles of process systems engineering, leading to integrated 
sustainable processes with 'green' attributes. Generic systematic methods are employed, supported by 
intensive use of computer simulation as a powerful tool for mastering the complexity of physical models. 
New to the second edition are chapters on product design and batch processes with applications 
in specialty chemicals, process intensification methods for designing compact equipment with high 
energetic efficiency, plantwide control for managing the key factors affecting the plant dynamics and 
operation, health, safety and environment issues, as well as sustainability analysis for achieving high 
environmental performance. All chapters are completely rewritten or have been revised. This new 
edition is suitable as teaching material for Chemical Process and Product Design courses for graduate 
MSc students, being compatible with academic requirements world-wide. The inclusion of the newest 
design methods will be of great value to professional chemical engineers. Systematic approach to 
developing innovative and sustainable chemical processes Presents generic principles of process 
simulation for analysis, creation and assessment Emphasis on sustainable development for the future 
of process industries

Process Modelling and Simulation in Chemical, Biochemical and Environmental Engineering

The Definitive, Learner-Friendly Guide to Chemical Engineering Separations--Extensively Updated, 
Including a New Chapter on Melt Crystallization Efficient separation processes are crucial to addressing 
many societal problems, from developing new medicines to improving energy efficiency and reducing 
emissions. Separation Process Engineering, Fifth Edition, is the most comprehensive, accessible 
guide to modern separation processes and the fundamentals of mass transfer. In this completely 
updated edition, Phillip C. Wankat teaches each key concept through detailed, realistic examples using 
actual data--with up-to-date simulation practice, spreadsheet-based exercises, and references. Wankat 
thoroughly covers each separation process, including flash, column, and batch distillation; exact 
calculations and shortcut methods for multicomponent distillation; staged and packed column design; 
absorption; stripping; and more. His extensive discussions of mass transfer and diffusion enable faculty 
to teach separations and mass transfer in a single course. And detailed material on liquid-liquid extrac-
tion, adsorption, chromatography, and ion exchange prepares students for advanced work. New and 
updated content includes melt crystallization, steam distillation, residue curve analysis, batch washing, 
the Shanks system for percolation leaching, eutectic systems, forward osmosis, microfiltration, and 
hybrid separations. A full chapter discusses economics and energy conservation, including updated 
equipment costs. Over 300 new and updated homework problems are presented, all extensively tested 



in undergraduate courses at Purdue University. New chapter on melt crystallization: solid-liquid phase 
equilibrium, suspension, static and falling film layer approaches, and 34 questions and problems New 
binary VLE equations and updated content on simultaneous solutions New coverage of safety and 
fire hazards New material on steam distillation, simple multi-component batch distillation, and residue 
curve analysis Expanded discussion of tray efficiencies, packed column design, and energy reduction in 
distillation New coverage of two hybrid extraction with distillation, and the Kremser equation in fractional 
extraction Added sections on deicing with eutectic systems, eutectic freeze concentration, and scale-up 
New sections on forward osmosis and microfiltration Expanded advanced content on adsorption and 
ion exchange including updated instructions for eight detailed Aspen Chromatography labs Discussion 
of membrane separations, including gas permeation, reverse osmosis, ultrafiltration, pervaporation, 
and applications Thirteen up-to-date Aspen Plus process simulation labs, adaptable to any simulator 
This guide reflects an up-to-date understanding of how modern students learn: designed, organized, 
and written to be exceptionally clear and easy to use. It presents detailed examples in a clear, standard 
format, using real data to solve actual engineering problems, preparing students for their future careers.

Integrated Design and Simulation of Chemical Processes

Introduction to Chemical Engineering Thermodynamics, Fifth Edition presents a thorough exposition 
of the principles of thermodynamics and details their application to chemical processes. Newly revised 
and completely up-to-date, this best-selling book also equips the reader with an adequate foundation for 
subsequent self-instruction. Learner-friendly, the fifth edition of Introduction to Chemical Engineering 
Thermodynamics includes over 115 worked examples, as well as 8 helpful appendices. This classic 
textbook is written not only for students, but also for practicing engineers.

Separation Process Engineering

Thermodynamics is fundamental to university and college curricula in chemistry, physics, engineering 
and many life sciences around the world. It is also notoriously difficult for students to understand, learn 
and apply. What makes this book different, and special, is the clarity of the text. The writing style is fluid, 
natural and lucid, and everything is explained in a logical and transparent manner. Thermodynamics 
is a deep, and important, branch of science, and this book does not make it "easy". But it does 
make it intelligible. This book introduces a new, 'Fourth Law' of Thermodynamics' based on the notion 
of Gibbs free energy, which underpins almost every application of thermodynamics and which the 
authors claim is worthy of recognition as a 'law'. The last four chapters bring thermodynamics into 
the twenty-first century, dealing with bioenergetics (how living systems capture and use free energy), 
macromolecule assembly (how proteins fold), and macromolecular aggregation (how, for example, 
virus capsids assemble). This is of great current relevance to students of biochemistry, biochemical 
engineering and pharmacy, and is covered in very few other texts on thermodynamics. The book also 
contains many novel and effective examples, such as the explanation of why friction is irreversible, the 
proof of the depression of the freezing point, and the explanation of the biochemical standard state.

Introduction to Chemical Engineering Thermodynamics

A fresh new treatment written by industry insiders, this work gives readers a remarkably clear view into 
the world of chemical separation. The authors review distillation, extraction, adsorption, crystallization, 
and the use of membranes – providing historical perspective, explaining key features, and offering 
insights from personal experience. The book is for engineers and chemists with current or future 
responsibility for chemical separation on a commercial scale – in its design, operation, or improvement 
– or for anyone wanting to learn more about chemical separation from an industrial point of view. The 
result is a compelling survey of popular technologies and the profession, one that brings the art and 
craft of chemical separation to life. Ever wonder how popular separation technologies came about, how 
a particular process functions, or how mass transfer units differ from theoretical stages? Or perhaps 
you want some pointers on how to begin solving a separation problem. You will find clear explanations 
and valuable insights into these and other aspects of industrial practice in this refreshing new survey.

Modern Thermodynamics for Chemists and Biochemists

Completely revised and updated, Elements of Environmental Engineering: Thermodynamics and Kinet-
ics, Second Edition covers the applications of chemical thermodynamics and kinetics in environmental 
processes. Each chapter has been rewritten and includes new examples that better illuminate the 
theories discussed. An excellent introduction to environmental engineering, this reference stands alone 



in its multimedia approach to fate and transport modeling and in pollution control design options. Clearly 
and lucidly written, it provides extensive tables, figures, and data that make it the reference to have on 
this subject.

Industrial Chemical Separation

Have you ever had a question that keeps persisting and for which you cannot find a clear answer? Is 
the question seemingly so “simple” that the problem is glossed over in most resources, or skipped 
entirely? CRC Press/Taylor and Francis is pleased to introduce Commonly Asked Questions in 
Thermodynamics, the first in a new series of books that address the questions that frequently arise 
in today’s major scientific and technical disciplines. Designed for a wide audience, from students and 
researchers to practicing professionals in related areas, the books are organized in a user friendly 
Question & Answer format. Presented questions become increasingly specific throughout the book, 
with clear and concise answers, as well as illustrations, diagrams, and tables are incorporated wherever 
helpful. Thermodynamics is a core discipline associated with the theoretical principles and practical 
applications underlying almost every area of science, from nanoscale biochemical engineering to 
astrophysics. Highlighting chemical thermodynamics in particular, this book is written in an easy-to-un-
derstand style and provides a wealth of fundamental information, simple illustrations, and extensive 
references for further research and collection of specific data. Designed for an audience that ranges 
from undergraduate students to scientists and engineers at the forefront of research, this indispensible 
guide presents clear explanations for topics with wide applicability. It reflects the fact that, very often, 
the most common questions are also the most profound.

Elements of Environmental Engineering

Problem Solving in Chemical and Biochemical Engineering with POLYMATH\

Chemical and Process Thermodynamics

Thermodynamics of Biochemical Reactions emphasizes the fundamental equations of thermodynam-
ics and the application of these equations to systems of biochemical reactions. This emphasis leads 
to new thermodynamic potentials that provide criteria for spontaneous change and equilibrium under 
the conditions in a living cell.

Commonly Asked Questions in Thermodynamics

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.

Problem Solving in Chemical and Biochemical Engineering with POLYMATH, Excel, and MATLAB

This is the second edition of the text "Bioreaction Engineering Principles" by Jens Nielsen and John 
Villadsen, originally published in 1994 by Plenum Press (now part of Kluwer). Time runs fast in 
Biotechnology, and when Kluwer Plenum stopped reprinting the first edition and asked us to make 
a second, revised edition we happily accepted. A text on bioreactions written in the early 1990's will not 
reflect the enormous development of experimental as well as theoretical aspects of cellular reactions 
during the past decade. In the preface to the first edition we admitted to be newcomers in the field. 



One of us (JV) has had 10 more years of job training in biotechnology, and the younger author (IN) has 
now received international recognition for his work with the hottest topics of "modem" biotechnology. 
Furthermore we are happy to have induced Gunnar Liden, professor of chemical reaction engineering 
at our sister university in Lund, Sweden to join us as co-author of the second edition. His contribution, 
especially on the chemical engineering aspects of "real" bioreactors has been of the greatest value. 
Chapter 8 of the present edition is largely unchanged from the first edition. We wish to thank professor 
Martin Hjortso from LSU for his substantial help with this chapter.

Thermodynamics of Biochemical Reactions

Separation Process Principles with Applications Using Process Simulator, 4th Edition is the most com-
prehensive 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.

PRINCIPLES OF MASS TRANSFER AND SEPERATION PROCESSES

Chemical engineers face the challenge of learning the difficult concept and application of entropy and 
the 2nd Law of Thermodynamics. By following a visual approach and offering qualitative discussions 
of the role of molecular interactions, Koretsky helps them understand and visualize thermodynamics. 
Highlighted examples show how the material is applied in the real world. Expanded coverage includes 
biological content and examples, the Equation of State approach for both liquid and vapor phases in 
VLE, and the practical side of the 2nd Law. Engineers will then be able to use this resource as the 
basis for more advanced concepts.

Bioreaction Engineering Principles

Separation Process Principles
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