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BUILDING THE LITERATURE OF A PROFESSION

Fifteen prominent chemical engineers first met in New York more than 50 years ago to
plan a continuing literature for their rapidly growing profession. From industry came
such pioneer practitioners as Leo H. Baekeland, Arthur D. Little, Charles L. Reese,
John V. N. Dorr, M. C. Whitaker, and R. S. McBride. From the universities came such
eminent educators as William H. Walker, Alfred H. White, D. D. Jackson, J. H. James,
Warren K. Lewis, and Harry A. Curtis. H. C. Parmelee, then editor of Chemical and
Metallurgical Engineering, served as chairman and was joined subsequently by S. D.
Kirkpatrick as consulting editor.

After several meetings, this committee submitted its report to the McGraw-Hill Book
Company in September 1925. In the report were detailed specifications for a correlated
series of more than a dozen texts and reference books which have since become the
McGraw-Hill Series in Chemical Engineering and which became the cornerstone of the
chemical engineering curriculum.

From this beginning there has evolved a series of texts surpassing by far the scope and
longevity envisioned by the founding Editorial Board. The McGraw-Hill Series in Chemical
Engineering stands as a unique historical record of the development of chemical engineering
education and practice. In the series one finds the milestones of the subject’s evolution:
industrial chemistry, stoichiometry, unit operations and processes, thermodynamics,
kinetics, and transfer operations.

Chemical engineering is a dynamic profession, and its literature continues to evolve.
McGraw-Hill and its consulting editors remain committed to a publishing policy that
will serve, and indeed lead, the needs of the chemical engineering profession during the
years to come.
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PREFACE

Significant changes have taken place in chemical engineering education during
the past two decades. The dominant factor in most university chemical engineering
departments is the study of engineering sciences, and only limited time is
available for the application of this theoretical and fundamental material to the
practical problems of chemical processing. In their classroom work students of
chemical engineering are usually presented with reasonably well-defined situations
and problems. In addition, they usually are expected to deal with only one aspect
of a problem at a time, e.g., the calculation of a distillation column for a given
separation, the volume of a reactor required for a reaction of specified kinetics,
or the power required to pump a fluid through a defined piping system. The
limited time available in the usual curriculum has resulted in a decrease in the
study of process design and analysis and of economics and financial evaluations.

As a result of these factors, the young graduate frequently finds it difficult
to acclimatize to the industrial environment. In practice, the engineer will deal
with poorly defined situations in which the problems to be solved will not be
precisely stated, in which the data available will be incomplete and probably
inaccurate, in which the decisions made with regard to one factor can reflect
through an entire processing system, and in which the economic considerations
will have an importance that may not have been sufficiently stressed in the
student’s classroom exposure.

This book attempts to help the chemical engineering student and the
practicing engineer sharpen their skills and apply them to the problem of
analyzing a number of the factors that can affect the design, operation, and
commercial success of chemical processing systems.

In the first two chapters some of the characteristics of the chemical industry
are detailed, and the role of the chemical engineer in this dynamic industry is
briefly presented. Some of the factors involved in the generation and screening of
alternatives are considered, along with the roles of analysis and synthesis in design.

One of the shocks young chemical engineers receive as they enter upon their

xiii



Xiv PREFACE

industrial careers comes from the realization that for practically any process or
compound with which they must contend either there are very few or no physical
and thermodynamic data available or there is an abundance of conflicting data.
Chapter 3 is therefore devoted to methods of estimating data. These methods
can also be used to interpolate and extrapolate with existing data and to serve
as a guide in the evaluation of their reliability.

Several chapters are devoted to the analysis of reaction equilibrium, to
nonreacting process analysis, to chemical kinetics, and to reactor design and
analysis. Although no attempt is made to cover chemical engineering thermo-
dynamics and chemical reactor design exhaustively, the presentation is sufficiently
broad to show, with little or no need for recourse to other sources, how these
fundamental tools can be and are used in the analysis of processing systems.

Chapters 7 to 9 are devoted to economic evaluation, forecasting and
prediction, and dealing with uncertainty. No process analysis can be complete
or well founded without a well-based economic evaluation, and to be realistic
this evaluation requires that projections into the future be made. The chemical
engineer should therefore be aware of some of the principles and procedures
involved in forecasting and predicting such factors as markets, prices, costs, and
productivity. The effects of inflation and how to account for erosion in the
purchasing power of currency are also considered. The practicing chemical
engineer is always confronted with uncectainty, and some analytical methods
and procedures for quantifying and dealing with uncertainty are presented.

In Chapter 10 several of the more formal and systematic procedures for the
synthesis of chemical processes are discussed. Some elements of optimization and
chemical process simulation are presented, and a computer-aided process syn-
thesizer is described. In Chapter 11 five case studies are presented, and detailed
analyses are made so that the reader can see how the various principles are
applied and how they work out in practice. Numerous examples are solved
throughout the book, and a large number of problems of varying complexity
are included. Many of them are open-ended and can provide stimulating
challenges to the reader. For the reader’s convenience all the references are
concentrated at the end of the book.

The book is suitable for a one- or two-semester course for advanced under-
graduate or graduate chemical engineers. The recommended sequence of material
is that presented in the book although there are a number of appropriate
sequences. Another suitable sequence would be Chapters 1, 7, 8, 9, 2, 10, 3, 4, 5,
6, and 11. Depending upon the particular department and curriculum, Chapters 4,
5, and 6 may be treated very lightly if the instructor feels that the students have
had sufficient and suitable exposure to this material in their undergraduate
studies. Although in our department the course based on this book is accompanied
by a separate plant design course, this book can be used in the traditional senior
design course with lectures being given as needed in accordance with the progress
of the design project.

It is hoped that this book, which is based on notes used in teaching a course
in process analysis and design for chemical engineers for a number of years, will
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be useful in easing the young chemical engineer’s transition from the academic
world to the world of industrial chemical engineering practice where design deci-
sions must be made. Practicing chemical engineers should find the integrative
presentation of a number of chemical engineering tools and their application to
process analysis and process design of value in their day-to-day confrontation
with practice.

Thanks and acknowledgments are due to many: To my students, from
whom I have learned much, but especially to the class of 79, who not only
taught me much but also scrutinized the final manuscript for typographical
errors and for errors of fact. To P. V. Danckwerts, J. F. Davidson, and
K. Ostergaard, for their hospitality: major parts of the manuscript were written
when I was a visitor at the Shell Department of Chemical Engineering and the
Danmarks Tekniske Hgjskole Instituttet for Kemiteknik. To the Master and
Fellows of Churchill College, for the hospitality of their friendly and stimulating
college during a sabbatical leave. To my departmental colleagues, and especially
to D. Hasson for our many hours of discussion and for his encouragement. To
my learned colleague from the Department of Chemistry, A. Halevi for the
quotations from our Sages and from even earlier sources that he suggested for
the chapters and that are as appropriate and relevant now as they were then.

The typing has been the work of Norma Jacob with an able assist by
Talma Shavit. Some of the earliest parts were typed in Cambridge by Miss
Margaret Sansom and in Lyngby by my wife.

The debt I owe to my wife cannot be measured. Suffice it to say that I
have relied on her for advice, support, and encouragement through all our years
of marriage.

William Resnick
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CHAPTER

ONE
THE CHEMICAL INDUSTRY

Behold, as the clay is in the potter’s hand, so are
you in my hand.

Jeremiah, 18: 6

The products of the chemical industry, the raw materials it uses, and the markets
it serves cover a range so diverse that the chemical industry defies a straight-
forward description. In this chapter we shall attempt to characterize the chemi-
cal industry, to indicate its diversity, and to point out not only its economic
significance but also its importance in our day-to-day lives. The role played by
the chemical engineer in this industry will also be described.

1-1 WHAT IS THE CHEMICAL INDUSTRY?

Because of the diversity of its products, raw materials, and markets, the chemical
industry is one of the most difficult industries in the world to define. Even the
definition of the chemical industry or of its products differs somewhat from
country to country and in some cases even between different groups within the
same country. A descriptive definition is possible, however, by defining
the chemical process industries as those industries in which processes of a chemi-
cal nature predominate or which are closely related to such industries.
Production of chemicals as well as the production of certain raw materials
used by the chemical industry are thus considered to be part of the chemical
process industries. This latter category would include, for example, the produc-
tion and purification of refinery gases and preparation of naphtha feedstocks for

1



