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CHEMICAL REACTOR THEORY-A REVIEW 

Edited by Leon Lapidus and Neal R. Amundson 
Prentice-Hall, 1977, ($28). 
Reviewed by Arvind Varma, 
University of Notre Dame 

The preparation of this volume was under­
taken to suitably memorialize the late Professor 
Richard Wilhelm of Princeton University. The 
idea was to publish a state of the art work on 
Chemical Reactor Theory-a subject whose 
rational development in the U. S. was largely initi­
ated by the work of Wilhelm-with the royalties 
contributed to augmenting the Wilhelm Fund in 
Chemical Engineering at Princeton. Although not 
meant to be exhaustive, it is a remarkably compre­
hensive and timely review of most of the important 
topics in chemical and catalytic reactor analysis. 

There are a total of thirteen chapters in the 
volume, each on a different topic, written by 
different authors. The editors selected the topics 
and the authors. Since each chapter was con­
tributed by experts in their subject matter, it is 
difficult to adequately review the entire volume in 
a short space and still do justice to it. However, 
some flavor of the contents can be obtained by 
examining the list of chapters. 

The first chapter, by Feinberg on mathematical 
aspects of mass action kinetics, is a general ex­
position of homogeneous and isothermal complex 
reaction kinetics, mechanisms, equilibria and 
dynamics set in the elegant, though at times tough 
reading, framework of linear algebra. Chapter 2 
by Varma and Aris, deals with a variety of 
problems involving the steady state and dynamic 
behavior of homogeneous CSTR and empty tubular 
reactors. Carberry's Chapter 3 provides an intro­
duction to catalysis and catalytic kinetics, and in­
cludes a good discussion of deriving catalytic 
kinetics from a reaction mechanism. Luss reviews 
the steady state and dynamic behavior of a single 
catalyst pellet in Chapter 4, and examines the 
effects of transport processes on catalyst activity, 
selectivity and dynamics. Chapter 5, by Szekely, 
deals with reactions between porous solids and 
gases, such as those encountered in combustion of 
solid fuels, production of iron from iron ores, and 
the like. Hlavacek and Votruba discusses the 
variety and hierarchy of models for the steady 
state design of fixed-bed and monolithic catalytic 
reactors in Chapter 6. 
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Chapters 7 and 8 deal with biological systems. 
Frederickson and Tsuchiya's Chapter 7 is a com­
prehensive account of microbial kinetics and dy­
namics, while Chapter 8 by Ollis is devoted to 
various aspects in the design of biological reactor 
systems. The area of polymerization reaction engi­
neering, including an introduction to polymeriza­
tion mechanisms and kinetics, is treated by Ray 
and Laurence in Chapter 9. In Chapter 10, the 
longest in this volume, Davidson, Harrison and 
coworkers give a detailed account of the two-phase 
theory of fluidization, and discuss some of its 
applications to the design of chemical reactors. 
These applications themselves are taken up by 
Amundson and co-workers in Chapter 11, wherein 
a systematic treatment of batch and continuous, 
isothermal and non-isothermal fluid-bed reactors 
is presented. Bailey's Chapter 12 on oscillation 
phenomena is the only one in this volume devoted 
entirely to a particular phenomena exhibited by 
chemical reaction systems, and treats both free 
and forced oscillatory operation of reactors involv­
ing conversion or selectivity reactions. The last 
Chapter 13, by Padmanabhan and Lapidus, pre­
sents an excellent qualitative and quantitative de­
scription of various strategies for the control of 
chemical reactors. 

As is apparent from the above mere backbone 
description, the coverage of the volume is · very 
broad indeed, and there is a great deal of useful 
information present. As the title suggests, the 
volume is intended to describe the theory of chemi­
cal reactors, and thus has a theoretical orientation, 
although most chapters include experimental con­
firmation of the theory and concrete examples of 
industrial applications. 

In my view, it should be on the bookshelf of all 
researchers in the field, and is something that is 
ideally suited as text for advanced level courses 
in chemical reaction engineering where the in­
structor might want to select the topics he covers. 
This can be easily done, since each chapter es­
sentially stands by itself, with its own notation 
and references. Incidentally, the Harvard system 
of bibliography-with the title of the paper also 
reported-employed here is very convenient, and 
the book is rich with a healthy bibliography­
there are over twelve hundred references, some 
works of course cited in several chapters. The fact 
that each chapter is essentially complete in itself 
has caused some duplication, but this does not 
happen very much. A minor drawback is that it 
does not contain a cumulative subject or author 
Continued on page 145. 
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index at the end. 
The book is produced by photostat of the typed 

manuscripts; this has kept both the price within 
bounds, and the production relatively error-free. 

Finally, the editors are to be congratulated on 
performing the herculean task of carrying this 
work through to print. It is tragic that Leon 
Lapidus met his untimely death just before the 
volume actually appeared in print-this is a work 
he would be rightly very proud of. • 
THEORETICAL RHEOLOGY 
THERMOCHEMICAL KINETICS, 2nd EDITION 

By Sidney W. Benson, John Wiley, New York, 
1976 ($22.50). 
Reviewed by Robert D. Tanner, 
Vanderbilt University 

The rate constants for 7 out of the 19 most 
important reactions proposed to model the de­
struction of ozone in the stratosphere were not 
accurately known in 1976. [1] The first direct 
measurement of the reaction rate of nitric oxide 
with the hydroperoxyl radical, a critical reaction 
in the chemistry of ozone in the upper atmos­
phere, was not reported until the next year. [2] 
That report, of a rate 10 to 40 times faster than 
had been estimated, led to the conclusion that 
chloroflurocarbon aerosols may by 35 % more de­
structive of the earth's ozone layer than had been 
previously predicted, while supersonic aircraft 
may be only half as destructive. [2] Since under­
standing the estimation techniques for such im­
portant gas-phase reactions are timely, it is ap­
propriate to examine the general status of estimat­
ing rate constants in Benson's revised book on 
Thermochemical Kinetics. How accurate for 
example, are the most recent developments of the 
classical transition-state theory and collision 
theory in predicting rate constants, a priori, from 
thermochemical data? Can we tell beforehand, as 
Levenspiel [3] states, whether the predicted rate 
will "match the experiment by a factor of two" or 
will be off by a factor of 106 ? Unhappily, as the 
hydroperoxyl radical example illustrates, the most 
recent estimation methods still deviate by more 
than a factor of two, and Benson's text doesn't 
help us deal with this problem. 

What seems to be needed, after recognizing 
that the collision theory may generally be used to 
estimate the upper reaction rate bound, [3] is a 
lower bound estimate. When information is avail-
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able to apply the transition state theory, the pre­
dicted rates are generally closer to experimental 
rates than that predicted by the collision theory. 
[3] Nevertheless, the transition state predicted 
rate does not provide the desired lower bound. We 
therefore need to simultaneously develop definite 
upper and lower bounds for predicting rates of 
specified reactions, and sharpen the predicting 
tools for each bound, thereby reducing the pre­
dicted maximum errors. 

A recent review by Rossini [4] aptly covers the 
topics in the five chapters of Benson's book and, 
thus, will not be repeated here. What seems to be 
important in Benson's book, from an engineering 
point of view, is its potential to help us predict 
the behavior of such reactions as pyrolysis, crack­
ing, hydrogenation, oxidation, and polymerization 
in new processes, such as those being developed 
for coal gasification. Extensions of the predictive 
methods covered by Benson to the condensed 
phases (liquids) are beyond the scope of his text, 
but are presently under development. It is hoped 
that Benson's book will be the inspiration for 
one which will eventually cover methods, for not 
only predicting liquid phase reaction rates, but 
for those of reactions governed by both homo­
geneous and heterogeneous catalysts. • 
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PATTERNS OF PROBLEM SOLVING 

By Moshe F. Rubenstein, Englewood Cliffs, N. J. 
Prentice Hall, Inc., 1975 
Reviewed by Richard M. Cyert, 
Carnegie-Mellon University 

This book is, in one sense, misnamed. I looked 
forward to reading it because I thought from the 
title that it would be an application of some of the 
recent research in psychology. In fact, only the 
first chapter attempts that type of approach. The 
rest of the book could best be described as an 
introduction to operations research. Nevertheless, 
the book is an interesting one for the person who 
wants a quick introduction to such diverse topics 
as Boolean algebra, Bayesian analysis, the central 
limit theorem, random walk, utility theory, 
linear programming and sequential analysis. The 
book is a potpourri of techniques. 
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