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Preface

“The man who has ceased to learn ought not to be
allowed to wander around loose in these danger-
ous days.”

M. M. Coady
(ca. 1870)

A. The Audience

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. Most problems requiring significant numerical computations can be
solved with a personal computer using either POLYMATH or MATLAB.

B. The Goals

B.1. To Develop a Fundamental Understanding
of Reaction Engineering

The first goal of this book is to enable the reader to develop a clear
understanding of the fundamentals of chemical reaction engineering. This goal
will be achieved by presenting a structure that allows the reader to solve reac-
tion engineering problems through reasoning rather than through memorization
and recall of numerous equations and the restrictions and conditions under
which each equation applies. To accomplish this, we use (1) conventional
problems that reinforce the student’s understanding of the basic concepts and
principles (included at the end of each chapter); (2) problems whose solution
requires reading the literature, handbooks, or other textbooks on chemical
engineering kinetics; and (3) problems that give students practice in problem
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definition and alternative pathways to solutions. The algorithms presented in
the text for reactor design provide a framework through which one can develop
confidence through reasoning rather than memorization.

To give a reference point as to the level of understanding required in the
profession, a number of reaction engineering problems from the California
Board of Registration for Civil and Professional Engineers—Chemical Engi-
neering Examinations (PECEE) are included. Typically, each problem should
require approximately one-half hour to solve. Hints on how to work the Califor-
nia exam problems can be found in the Summary Notes and in the Thoughts on
Problem Solving on the CD-ROM.

The sccond and third goals of this book are to increase the student’s critical
thinking skills and creative thinking skills by presenting heuristics and problems
that encourage the student to practice these skills.

B.2. To Develop Critical Thinking Skills

Due to the rapid addition of new information and the advancement of sci-
ence and technology that occur almost daily, an engineer must constantly expand
his or her horizons beyond simply gathering information and relying on the basic
engineering principles.

A number of homework problems have been included that are designed to
enhance critical thinking skills. Socratic questioning is at the heart of critical
thinking and a number of homework problems draw from R. W. Paul’s six types
of Socratic questions: !

(1) Questions for clarification: Why do you say that? How does this
relate to our discussion?

(2) Questions that probe assumptions: What could we assume instead?
How can you verify or disprove that assumption?

(3) Questions that probe reasons and evidence: What would be an
example?

(4) Questions about viewpoints and perspectives: What would be an
alternative?

(5) Questions that probe implications and consequences: What generali-
zations can you make? What are the consequences of that assumption?

(6) Questions about the question: What was the point of this question?
Why do you think I asked this question?

Practice in critical thinking can be achieved by assigning additional parts to the
problems at the end of each chapter that utilize R. W. Paul’s approach. Most of
these problems have more than one part to them. The instructor may wish to
assign all or some of the parts. In addition, the instructor could add the following

parts to any of the problems:

e Describe how you went about solving this problem.
e How reasonable is each assumption you made in solving this problem?

U Paul, R. W., Critical Thinking (Published by the Foundation for Critical Thinking,
Santa Rosa, CA, 1992).
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e Ask another question or suggest another calculation that can be made
for this problem.

e Write a few sentences about what you learned from working this
homework problem and what you think the point of the problem is.

Another important exercise in this text that fosters critical thinking is the
critiquing of journal articles. For the last 20 years, students in the graduate reac-
tion engineering 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, finding an error made the
whole assignment much more fun and interesting. Consequently, a select number
of problems at the end of chapters involve the critique of journal articles on reac-
tion 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.

B.3. To Develop Creative Thinking Skills

To help develop creative thinking skills, a number of problems are
open-ended to various degrees. Beginning with Chapter 4, the first problem in
each chapter provides students the opportunity to practice their creative skills by
making up and solving an original problem. Problem 4-1 gives some guidelines
for developing original problems. A number of techniques that can aid the stu-
dents in practicing their creativity (e.g., lateral thinking and brainstorming) can
be found in Fogler and LeBlanc.?

“What if...” problems can serve to develop both critical and creative think-
ing skills. The second problem of each chapter (e.g., 4-2) contains “What if...”
questions that encourage the student to think beyond a single answer or operating
condition. These problems can be used in conjunction with the living example
problems on the CD to explore the problem. Here, questioning can be carried out
by varying the parameters in the problems.

One of the major goals at the undergraduate level is to bring the students to
the point where they can solve complex reaction systems, such as multiple reac-
tions with heat effects, and then ask “What if...”” questions and look for opti-
mum operating conditions. One problem whose solution exemplifies this goal is
the Manufacture of Styrene, Problem 8-30.

(1) Ethylbenzene — Styrene + Hydrogen: Endothermic
(2) Ethylbenzene — Benzene + Ethylene: Endothermic
(3) Ethylbenzene + Hydrogen — Toluene + Methane: Exothermic

In this problem, the students can find a number of operating conditions which

maximize the yield and selectivity.
The parameters can also be easily varied in the example problems by load-
ing the POLYMATH or MATLAB programs from the CD onto a computer to

explore and answer “Whar if...” questions.

2 Fogler, H. S. and S. E. LeBlanc, Strategies for Creative Problem Solving (Upper Sad-
die River, NJ: Prentice Hall, 1995).
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C. The Structure

The strategy behind the presentation of material is to continually build on a
few 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 applications rest. The pillars holding up the
application of chemical reaction engineering are shown in Figure P-1.
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[MASS TRANSFER OPERATIONS ]
__[NONISOTHERMAL OPERATION, MULTIPLE STEADY STATES]
[MODELING REAL REACTORS, RTD, DISPERSION, SEGREGATION]
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Figure P-1 Pillars of Chemical Reaction Engineering.

z

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 virtually any order
after the first four chapters, with few restrictions. A flow diagram showing possi-
ble paths is shown in Figure P-2.

In a three-hour undergraduate course at the University of Michigan, approx-
imately eight chapters are covered in the following order: Chapters 1, 2, 3, 4, and
6, Sections 5.1-5.3, and Chapters 8, 10, and parts of either 7 or 13. Complete sam-
ple syllabi for a 3-credit-hour course and a 4-credit-hour course can be found on
the CD-ROM.

The reader will observe that although metric units are used primarily in this
text (e.g., kmol/m3, J/mol), a variety of other units are also employed (e.g.,
Ib/ft3). 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 graduat-
ing over the next ten years will be caught in the transition 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 units, and they should be equally at ease with both.

The notes in the margins are meant to serve two purposes. First, they act as
guides or as commentary as one reads through the material. Second, they identify
key equations and relationships that are used to solve chemical reaction engi-
neering problems.

Finally, in addition to developing the intellectual skills discussed above,
this is a book for the professional bookshelf. It is a “how to” book with numerous
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Figure P-2 Sequences for Studying the Text.

examples and clear explanations, rather than an outline of the principles and the
philosophy of chemical reaction engineering. There are many other applications
described in the text.

D. The Applications

Important applications of chemical reaction engineering (CRE) of all kinds can
be found both inside and outside the chemical process industries (CPI). In this
text, examples from the chemical process industries include the manufacture of
ethylene oxide, phthalic anhydride, ethylene glycol, metaxylene, styrene, sul-
fur trioxide, propylene glycol, ketene, and i-butane just to name a few. Also,
plant safety in the CPI is addressed in both example problems and homework
problems. These are real industrial reactions with actual data and reaction rate
law parameters.

Because of the wide versatility of the principles of CRE, a number of
examples outside the CPI are included, such as the use of wetlands to degrade
toxic chemicals, smog formation, longevity of motor oils, oil recovery, and phar-
macokinetics (cobra bites, SADD-MADD, drug delivery). A sampling of the
applications is shown graphically in the following figures.
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E. The Components of the CD-ROM

The primary purpose of the CD-ROM is to serve as an enrichment resource. Its
objectives are fourfold: (1) To provide the option/opportunity for further study or
clarification on a particular concept or topic through Summary Notes, additionat
examples, interactive computing modules and web modules, (2) To provide the
opportunity to practice critical thinking skills, creative thinking skills, and prob-
lem solving skills through the use of “What if...”” questions and “living example
problems,” (3) To provide additional technical material for the professional refer-
ence shelf, (4) To provide other tutorial information, such as additional home-
work problems, thoughts on problem solving, how to use computational software
in chemical reaction engineering, and representative course structures. The fol-
lowing components are listed at the end of most chapters and can be accessed, by

chapter, on the CD.

¢ Learning Resources
These resources give an overview of the material in each chapter and
provide extra explanations, examples, and applications to reinforce
the basic concepts of chemical reaction engineering. The learning
resources on the CD-ROM include:

1. Summary Notes
These are Summary Notes that will give an overview of each
chapter, and are taken from lecture notes from an undergraduate
class at Michigan.

2. Web Modules
These modules which apply key concepts to both standard and non-
standard reaction engineering problems (e.g., the use of wetlands
to degrade toxic chemicals, cobra bites) can be loaded directly from
the CD-ROM. Additional Web Modules are expected to be added
over the next several years. (http://www.engin.umich.edu/~cre)

3. Interactive Computer Modules
Students can use the corresponding Interactive Computer Modules
to review the important chapter concepts and then apply them to
real problems in a unique and entertaining fashion. The Murder Mys-
tery module has long been a favorite with students across the nation.

4. Solved Problems
A number of solved problems are presented along with prob-
lem-solving heuristics. Problem-solving strategies and additional
worked example problems are available in the Thoughts on
Problem Solving section of the CD-ROM.

e Living Example Problems
A copy of POLYMATH is provided on the CD-ROM for the students
to use to solve the homework problems. The example problems that
use an ODE solver (e.g., POLYMATH) are referred to as “living exam-
ple problems” because the students can load the POLYMATH program
directly onto their own computer in order to study the problem. Stu-
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dents are encouraged to change parameter values and to “play with”
the key variables and assumptions. Using the living example problems
to explore the problem and asking “What if...” questions provides the
opportunity to practice critical and creative thinking skills.

Professional Reference Shelf

This section of the CD-ROM contains:

1. material that is important to the practicing engineer, although it is
typically not included in the majority of chemical reaction engi-
neering courses.

2. material that gives a more detailed explanation of derivations that
were abbreviated in the text. The intermediate steps to these der-
ivations are given on the CD-ROM.

Additional Homework Problems
New problems were developed for this edition that provide a greater
opportunity to use today’s computing power to solve realistic problems.

Other CD-ROM Material
In addition to the components listed at the end of each chapter the
following components are included on the CD-ROM:

1. Software ToolBox
Instructions on how to use the different software packages (POLY-
MATH, MATLAB, and ASPEN PLUS) to solve examples.

2. Representative Syllabi for a 3- and a 4-Credit Course
The syllabi give a sample pace at which the course could be
taught as well as suggested homework problems.

3. Virtual Reality Module
This module provides an opportunity to move inside a catalyst
pellet to observe surface reactions and coking.

F. The Integration of the Text and the CD-ROM

There are a number of ways one can use the CD in conjunction with the text. The
CD provides enrichment resources for the reader in the form of interactive tutori-
als. Pathways on how to use the materials to learn chemical reaction engineering
are shown in Figure P-3 and P-4. The keys to the CRE learning flowsheets are

Primary resources

Enrichment resources
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F.1. For the University Student

In developing a fundamental understanding of the material, the student
may wish to use only the primary resources without using the CD-ROM, (i.e.,
using only the boxes shown in Figure P-3) or the student may use a few or all
of the interactive tutorials in the CD-ROM (i.e., the circles shown in Figure
P-3). However, to practice the skills that enhance critical and creative thinking,
the students are strongly encouraged to use the Living Example Problems and
vary the model parameters to ask and answer “What if...”” questions.

CD
Interactive
Computer
Modules

CD
Summary
Notes

Homework
Problems

S T Class
tart i ext | Lectures

CD
Living
Example

CcD CD
Web Solved
Modules Problems

Figure P-3 A Student Pathway to Integrate the Class Text and CD.

One notes that while the author recommends studying the living examples before
working home problems, they may be bypassed, as is the case with all the enrich-
ment resources if time is not available. However, class testing of the enrichment
resources reveals that they not only greatly aid in learning the material but they
may also serve to motivate students through the novel use of CRE principles.

F.2. For the Practicing Engineer

Practicing engineers may want to first review the CD summary notes or
the summaries at the end of each chapter to refresh their memories as to what
they have previously studied. They can then focus on the topics that they want
to study in the text using the web modules, solved problems, and interactive
computer modules as tutorials. They can also learn more about specialty topics
by using the CD reference shelf. The flow diagram is shown in Figure P-4.
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CD

cbh Interactive
MV\cljeT Computer
odules
Chapter Modules
Summary
Notes

D
c Homework

Text «—»| Solved Problems
Problems
CD
SL:\lmmary cD .
otes Professional Livi
Reference ving
Shelf Example
Problems
Figure P-4 A Problem-Solving Pathway to Integrate the text and the CD.
G. The Web

The Web site (http://www.engin.umich.edu/~cre) will be used to update the text
and the CD-ROM. It will identify typographical and other errors in the 1st and
2nd printings of the 3rd edition of the text. In the near future, additional mate-
rial will be added to include more solved problems as well as additional Web

Modules.

H. What's New

The main thrust of the new edition is to enable the student to solve Digital
Age? reaction engineering problems. Consequently the content, example prob-
lems, and homework problems focus on achieving this goal. These problems
provide the students an opportunity to practice their critical and creative think-
ing skills by “playing with” the problems through parameter variations. Conse-
quently, some of the text material, e.g., control of chemical reactors and safety,
was added because it provides opportunities to formulate and solve problems.
For example, in the Case Study on safety, the student can use the CD-ROM to
carry out a post-mortem on the nitroanaline explosion in Example 9-2 to find
out what would have happened if the cooling had failed for 5 minutes instead

3 Fogler, H. S., “Teaching Critical Thinking, Creative Thinking, and Problem Solving in
the Digital Age” (Phillips Lecture, Oklahoma State University Press, April 25, 1997).
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of 10 minutes. Significant effort has been devoted to developing example and
homework problems that foster critical and creative thinking.

The use of mole balances in terms of concentrations and flow rates rather
than conversions is introduced early in the text so they can be easily applied to
membrane reactors and multiple reactions. The 3rd edition contains more
industrial chemistry with real reactors and real reactions and extends the wide
range of applications to which chemical reaction engineering principles can be
applied (i.e., cobra bites, drug medication, ecological engineering). New mate-
rial includes spherical reactors, recycle reactors, trickle bed reactors, fluidized
bed reactors, regression of rate data, etching of semiconductors, multiple reac-
tions in RTD models, the application of process control to CSTRs, safety, col-
lision theory, transition state theory, and an example using computational
chemistry to calculate an activation energy. The material that has been greatly
expanded includes polymerization, heat effects in batch reactors and in multi-
ple reactions, catalysts and catalytic reactions, experimental design, and reactor
staging. The living example problems on the CD-ROM are in both POLY-
MATH and MATLAB.

A large number of enrichment resources are provided on the CD-ROM
that can help the student over difficult spots. However, if there is a time con-
straint, or the reader’s computer breaks down, the reader need only read the
text and proceed along the pathway of the boxes shown in Figures P-3 and P-4.
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