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Preface

The man who has ceased to learn ought not
to be allowed to wander around loose in these
dangerous days.

M. M. Coady

This book is intended for use as both an undergraduate- and graduate-level
text in chemical reaction engineering. The level of difficulty will depend on
the choice of chapters to be covered and the type and degree of difficulty
of problems assigned from those at the end of each chapter. Most problems
requiring significant numerical computations can be solved with a personal
computer which has at least BASIC as a programming language.

The thrust of this book is to present in a clear and concise manner the
fundamentals of chemical reaction &ngineering. First, a structure is devel-
oped that allows the reader to solve reaction engineering problems through
reasoning rather than through memorization and recall of numerous equa-
tions and the restrictions and conditions under which each equation applies.
In perhaps no other area of engineering is mere formula plugging more haz-
ardous; the number of physical situations in reaction engineering that can
arise appears infinite, and the chances of a simple formula being sufficient
for the adequate design of a real reactor are vanishingly small. However,
the algorithms presented in the text for reactor design provide a framework
with which one can develop confidence through reasoning rather than mem-
orization.

Due to the rapid addition of new information and scientific principles,
a true engineer must constantly expand his or her horizons beyond simple
gathering of information and engineering principles. Thus the second goal
of this book is to increase the student’s lifelong learning skills by presenting
heuristics and problems that encourage the student to practice certain in-
tellectual skills. To accomplish this, we use (1) conventional problems that
reinforce the student’s understanding of the basic concepts and principles

xvii
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(included at the end of each chapter); (2) problems whose solution requires
reading the literature, handbooks, or other textbooks on chemical engi-
neering kinetics; and (3) problems that give students practice in problem
definition and alternative pathways to solutions.

Another important skill fostered in this text is a critical analysis of
journal articles. For the last ten years students in the graduate reactor en-
gineering class at the University of Michigan have been required to carry
out an in-depth critique of a journal article on chemical engineering kinetics.
Although the students were told that choosing an article with erroneous data
or reasoning was not necessary for a successful critique, it was stated that
finding an error made the whole assignment much more fun. Consequently,
a select number of problems at the end of chapters involve the critique of
journal articles on reactor engineering which may or may not have major or
minor inconsistencies. In some cases a small hint is given to guide the student
in his or her analysis.

Many of the problems at the end of the various chapters were selected
from those which have appeared in California Board of Registration for Civil
and Professional Engineers—Chemical Engineering Examinations (PECEE)
over past years. The permission for use of these problems, which, inciden-
tally, may be obtained from the Documents Section, California Board of
Registration for Civil and Professional Engineers—Chemical Engineering,
1004 6th Street, Sacramento, CA 95814, is gratefully acknowledged. (Note:
These problems have been copyrighted by the California Board of Regis-
tration and many not be reproduced without their permission.) Additional
problems are available on diskettes for use with the personal computer.
Information about these interactive programs may be obtained from the au-
thor.

The strategy behind the presentation of material is the application,
modification, or extrapolation of several basic ideas in chemical reaction
engineering to solve a wide variety of problems. These ideas are referred
to as the Pillars of Chemical Reaction Engineering, on which different ap-

plications rest. The pillars holding up the application of chemical reaction’

engineering are shown in Figure P-1.

The architecture and construction of the structure shown in Figure P-
1 had many participants, most notably Professors Amundson, Aris, Smith,
Levenspiel, and Denbigh. The contents of this book may be studied in vir-
tually any order after the first four chapters, with few restrictions. A flow
diagram showing possible paths is shown in Figure P-2.

In a three-hour undergraduate course at the University of Michigan
approximately eight chapters are covered in the following order: Chapters
1, 2, 3, 4, Sections 5.1-5.3, 6.1-6.5, and Chapters 8, 10, 11, and parts of
13.

The reader will observe that although metric units are used primarily
in this text (e.g., kmol/m?, J/mol), a variety of other units are also employed
(e.g., Ib/ft®). This is intentional. It is our feeling that whereas most papers
published in the future will use the metric system, today’s engineers as well
as those graduating over the next ten years will be caught in the transition
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Figure P-1 Pillars of Chemical React v Engineering

between English, SI, and metric units. As a result, engineers will be faced
with extracting information and reaction rate data from older literature which
uses English units, as well as the current literature using metric, and should
be equally at ease with both. :

The notes in the margins are meant to serve two purposes. One is to
act as a guide or commentary as one reads through the material. Second,
they identify key equations and relationships that are used to solve chemical
reaction engineering problems.

[_cH 1 - oL BaLances |
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Figure P-2 Sequences for Studying the Text



XX Preface

I had not anticipated undertaking a revision of the text after only six
years. but a number of major changes have taken place in our profession
since the original manuscript was submitted for publication in 1984. First of
all, there has been a paradigm shift in the solution to reaction engineering
problems as a result of the fantastically user-friendly O.D.E. (Ordinary Dif-
ferential Equation) Solvers. This shift is similar to the shift that came about
when we went from slide rules to hand-held calculators in the mid (970's.

Figure P-3 Puradigm‘Shifls in Chemical Engineering Education

In addition to the advances in computer hardware and software. there
also has been an increase in the computer literacy of our students. Conse-
quently, there is an increased emphasis in the second edition on numerical
solutions to reaction engineering problems. Students are expected to either
write their own programs to solve ordinary differential equations (O.D.E.)
and non-linear algebraic equations, or to use software packages (O.D.E.
Solvers) currently available for this purpose such as POLYMATH and
MATHEMATICA. With the O.D.E. and non-linear algebraic software pack-
ages, a greater emphasis can be placed on having students explore the so-
lutions through a parameter sensitivity analysis. They can carry out small
investigations on the effect of various parameters or variable settings and
then write a paragraph describing their findings. Many of the solutions to
the example problems use both an O.D.E. Solver and a computer program;
however, the use of a software package, such as POLYMATH, has recently
become the author’s strong preference for solving reaction engineering prob-
lems.

POLYMATH has been offered by the CACHE Corporation to all Chem-
ical Engineering Departments in the United States and Canada for unlimited
use by faculty and students. It can also be individually purchased directly
from the CACHE Corporation for a very nominal charge.

CACHE Mathematica for Maple
Corporation Macintosh Waterloo Maple Software
P.O. Box 7939 % Wolfram Research 766884 Ontario, Inc.
Austin, Texas 100 Trade Center Drive 160 Columbia St. West
78713-7379 Champaign, Illinois Waterloo, Ontario
61820-9910 Canada N2L.3L3



Preface XX}

POLYMATH and Maple can be used with an [BM-compatible P.C.: for
Macintosh users, Mathematica and Maple are available. :

In addition to the changes in computer technology. a number of emerg-
ing technologies, namely. microelectronics processing and biotechnology.
have recently found their way into the mainstream of chemical engincering.,
Material in these areas has been included in the second cdition and follows
directly from the basic principles of chemical reaction engineering. In ad-
Jition to these areas, more traditional topics have been added, such as the
shrinking core model, the approach to the steady state itemperature-con-
centration phase-planes), polymerization, along with a complete revision of
the analysis of multiple reactions. Hopefully. all intensive laws tend often
to have exceptions. Very interesting concepts take orderly. responsible
statements. Virtually all laws instinctively are normal thoughts. General ob-
servations become laws under experimentation.
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