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Two Views of Non-equilibrium Thermodynamics

Over the past few months two closely related but strongly
contrasting books on non-equilibrium thermodynamics
have been received for review, both from Wiley and from The
Netherlands, where so much good work in this area has been
done. The earlier of the two, by Ross Taylor and R. Krishna,
puts the greater emphasis on applications and is focused on
mass transfer, where the most useful applications of this
somewhat esoteric subject have been found. The second, by
G. C. D. Kuiken, is much more fundamental in its approach,
and includes rheology as well as the more familiar mass
transfer. Each is a worthwhile contribution and of particular
interest to the readers of Chemical Engineering Science.

Multicomponent Mass Transfer. By Ross TAYLOR and R.
KRIsHNA, Wiley Series in Chemical Engineering, 1993, 579
pages, ISBN #0-471-57417-1

This is an important book in bringing together a wealth of
information about a poorly understood field in a style under-
standable to those familiar with diffusional processes at the
senior-graduate level of American universities. The book is
divided into three parts entitled Molecular Diffusion, Inter-
phase Transfer and Design, and it comes with a 3.5 in. diskette
for IBM compatible machines to aid in solving the examples
in Chaps 1-13. However, this diskette must be used in
conjunction with the commercial package Mathcad, which is
of course not supplied. A separate software package, Chem-
sep, is needed for some of the exercises in Chap. 14, and the
reader is referred to Prof. Taylor, who teaches at Clarkson
University, Potsdam, New York, for further information on
it. Also included is an extensive and well-organized nomen-
clature list, compatible with standard references to a surpris-
ing degree considering the wide range of topics covered.

Part I contains six chapters, entitled Preliminary Con-
cepts, The Maxwell-Stefan Relations, Fick’s Law, Estima-
tion of Diffusion Coefficients, Solution of Multicomponent
Diffusion Problems: the Linearized Theory and Solution of
Multicomponent Diffusion Problems: the Effective Diffus-
ivity Method. Chapter 1 presents the conventions, measures
of concentration and mass fluxes, and the differential conser-
vation equations to be used throughout the text as well as
general references for more specialized treatments. Chapters
2-6 present the primary results of diffusion theory and
provide a quantitative basis for describing diffusional pro-
cesses. They compare the respective merits of the Max-
well-Stefan equations with generalizations of Fick’s law and
the Onsager formulations in Chaps 3 and 4, and they provide
means for converting from one set of flux expressions to
another. They also compare multicomponent and binary
diffusion and provide a surprising amount of data for the
latter. Chapter 4 is a useful critical survey of estimation
methods for multicomponent diffusivities of gases and
liquids. Finally, in Chaps 5 and 6 they contrast two widely
used approximate methods for describing diffusion processes
and show that linearization of the Maxwell-Stefan equations
is generally much more reliable than the pseudo-binary
effective diffusivity method

This section is very useful and well done. It updates the
prior literature and collects a great deal of useful information
previously unavailable in such compact and well-organized
form. It is the real heart of this text.

The second section of this book deals with the modifica-
tion of the familiar binary mass transfer models to provide
estimates of mass transfer rates in complex flow systems.
Chapter 7 provides basic definitions of mass-transfer coeffi-
cients, and Chap. 8, almost half of this section, is devoted to
the classic stagnant-film model. Chapters 9 and 10 deal with
elementary penetration and laminar sublayer models which
are not the most realistic available, and these discussions are
of somewhat limited utility. Chapter 11 provides a thorough
and authoritative introduction to combined heat and mass
transfer and is well done.

The third section is devoted largely to distillation, and it is
an ambitious effort quite different in emphasis than the rest
of the text. It contains four chapters devoted, respectively, to
mass-transfer models already treated in section two, efficien-
cy models, a non-equilibrium stage model and condensation
of mixed vapors. Each chapter contains extensive examples,
and the last two include design studies and comparisons with
experiment.

The book concludes with appendices on matrix algebra,
equation solving and estimation of the thermodynamic
matrix I' = [#Ina/éd1n x]r

This is a major contribution notable for a wealth of detail,
numerous carefully worked examples and a great deal of
actual data. It should prove the definitive reference for some
years to come and a valuable reference for anyone seriously
interested in multicomponent diffusion.

Thermodynamics of Irreversible Processes. By GERARD D. C.
KUIKEN, Wiley Tutorial Series in Theoretical Chemistry,
1994, 426 pages, $54.95, ISBN # 0-471-94844-6

This is a serious major work in a series designed for those
who are engaged in practical research, in teaching and those
who wish to learn about the role of theory in chemistry
today. It is less accessible than the Taylor and Krishna text
reviewed above and does not concern itself with applications
at the unit operations level. However, it goes much deeper
into underlying theory and provides a basis for describing
a wider range of phenomena: the author defines the thermo-
dynamics of irreversible processes (TIP) as describing within
the framework of a continuum point of view all systems
obeying linear constitutive equations of state. It thus unifies
formulations of continuum theory used in many branches of
physics and chemistry such as mechanics, fluid dynamics,
magnetohydrodynamics, mass transport and thermo-
dynamics. Moreover, the results often apply to quasi-linear
systems.

After a short introduction to continuum theory and its
place in the description of natural phenomean the author
recapitulates the primary results of classical continuum
theromdynamics in Chap. 2: the zeroth through third laws.
This chapter, which also includes an elegant discussion of
modeling theory and orders of magnitude, is accessible to
undergraduate students, and it is unusually lucid and easy to
follow.

The basic axioms of TIP, the concept of conservation
relations and the pehnomenological equations, are intro-
duced and thoroughly discussed in chap. 3, which concludes
with examples of anisotropic heat conduction and the
Kedem-Katchalsky equations for macroscopic description
of membrane transport. In Chap. 4, the conservation equa-
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tions for mass, momentum, angular momentum, energy and
entropy for multicomponent systems are formulated.

The Onsager, or Onsager~Casimir relations as the author
prefers to call them, are intoduced in Chap. 5. To this
reviewer, who started examination of Dr. Kuiken’s mono-
graph with only a very limited grasp of the origin of these
famous relations, this chapter is the most interesting of the
book. The author’s development does not take Boltzmann’s
entropy identification for granted but derives the probability
distribution from the Fokker—Planck equation for aged sys-
tems. In this way he shows that microscopic reversibility
only yields the Onsager reciprocal relations if one starts with
the Boltzmann distribution. This is the most lucid and auth-
oritative treatment I have seen.

The second half of the book deals with application of the
general theory of the TIP, to multicomponent diffusion in
Chap. 6 and to rheology in Chap. 7. Chapter 6 overlaps to
a considerable degree with the Taylor and Krishna book
reviewed above, and, on balance, it is the less useable and less
complete from such practical standpoints as estimating diffu-
sion coefficients or converting from one set of fiux equations
to another. This reviewer had particular problems with the
nomenclature which make it difficult to differentiate between
velocities and molar volumes: both lower and upper case v’s
are used for both, and the various subscripts, superscripts
and overlines are not easy to remember. Chapter seven is the
longest chapter in the book and includes extensive general
discussions of relaxation phenomena as well specific
examples on linear viscoelasticity. These discussions are
clearly for the specialists, and they are not readily accessible
to others.

Book Reviews

Chapter 6 is on balance not very helpful since the primary
results are already known and presented more conveniently
elsewhere. I suspect that Chap. 7 would provide some useful
insights to the theoretical rheologist but no specific new
means for describing the behavior of non-Newtonian fluids.
However, Chap. 7 is unique in bringing together in an
organized way material which to date has been scattered in
the periodical literature. This monograph is a scholarly tour
de force and helpful to those wishing more insight into the
origins and applicability of well-known equations. It does
not seem to present any new and practically significant
results. These characteristics are in keeping with the view-
points of both the author and the editors of the tutorial
series, but they are somehwat disappointing to the practical
researcher, identified by the author as a significant part of his
audience. This negative aspect is perhaps inevitable as TIP
has always been a bit disappointing from a purely practical
standpoint. On the other hand, it should prove quite satisfy-
ing to the theoretician interested in the basic nature of TIP.

The typography and figures are of high quality, and the
secondary features are quite impressive. There are two exten-
sive appendices, the first deriving Maxwell’s electromagnetic
field equations and the second summarizing vector and ten-
sor notation. The nomenclature list is very helpful, and there
are both author and subject indexes.

E. N. LIGHTFOOT
Department of Chemical Engineering
University of Wisconsin
Madison, W1, U.S.A.
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This is followed by a qualitative discussion of when to use
chemical solvents, on the thermal effects found in absorption
and desorption, and on the differences between simulations
for design and for operating purposes. Packed columns have
their own chapter with brief discussions of the different types
of packing, of liquid maldistribution, liquid hold-up, pressure
drop relations and relations for the different mass transfer
parameters. This part is very empirical, but the authors have
made choices out of the many available correlations. It may
be auseful quick reference. This chapter contains a discussion
on the shooting method for solving countercurrent multicom-
ponent problems. This is a method which, unfortunately, sel-
dom converges because it is so sensitive to initial estimates.
The chapter on plate columns is similar, with discussions on
flooding, weeping and operating regimes, mixing in the liquid
and gas phase and a small collection of empirical equations
for all mass transfer parameters. It also contains a fairly exten-
sive derivation of the Kremser equation and a discussion of
the matrix method for solving equilibrium stage problems.
Unfortunately, I found the discussion of the most important
problem rather superficial. That is on how to include multi-
component mass transfer and chemical reactions in computer
calculations. The book ends with a short (again mainly empir-
ical) chapter on bubble columns.

I found this book unbalanced. The first part is a good
starting point for an advanced course on multicomponent
mass transfer, but the rest is introductory and very much in
the conventional fragmented style of treating separation proc-
esses. One strong point is the large number of worked exam-
ples. Teachers may find the the book a treasury for
assignments.

Multicomponent Mass Transfer

by Ross Taylor and R. Krishna, John Wiley and Sons, 1993, ISBN 0-
471-57417-1, price £58.00, xxxiv +579 pp.

This book also consists of three, roughly equal, parts. The
first covers the theory of multicomponent, molecular diffu-
sion. The second deals with the description of multicompo-
nent mass transfer in the thin layers or ‘films’ next to phase
boundaries. The third part deals with multicomponent non-
equilibrium design methods for distillation, absorption and
condensation equipment.

PartI of the book covers ‘Molecular Diffusion’. The weak-
est chapter of the book is the first: ‘Preliminary Concepts’. It
contains a dour and dry summary of the different forms of
the balance equations for multicomponent mass transport.
Run through it quickly; the book really begins with ‘The
Maxwell-Stefan Relations’. This starts with a qualitative, but
instructive derivation of the multicomponent diffusion rela-
tions from an ideal gas mixture, then extends these by analogy
to liquid mixtures. It ends with extensions of the Maxwell—
Stefan (MS) equations to include driving forces such as

centrifugal and electrical gradients. ‘Fick’s Law’ introduces
an alternative description of multicomponent mass transfer.
Italso describes a few aspects of the behaviour of diffusivities
in non-ideal solutions. This subject is pursued further in ‘Esti-
mation of Diffusion Coefficients’. This shows how MS-dif-
fusivities behave much more simply than Fick diffusivities,
especially in non-ideal and in multicomponent mixtures. It
briefly describes how diffusivities can be estimated in dilute
solutions. These values are then used with interpolation to
estimate MS-diffusivities in concentrated mixtures, as from
these the Fick diffusivities. We now know the transport equa-
tions and have values of the diffusivities. So we progress to
‘The Linearized Theory’, which deals with various methods
for solving the multicomponent Fick equations. Here we also
see some ‘strange’ effects that may be expected in multicom-
ponent diffusion problems. One of these is ‘reverse diffu-
sion’, where a component diffuses against its concentration
gradient. Surprisingly, the elegant explanation that the MS-
equations provide for these phenomena is hardly discussed.
The last section of this part, ‘Effective Diffusivity Models’,
shows that these methods are not good. These methods, which
have been popular, consider the mixture to behave as a pseudo
binary. They often give acceptable results, but unfortunately
it is difficult to see when and where they will fail.

Part IT discusses ‘Interphase Mass Transfer’. In most parts
of engineering equipment, convection dominates transport.
However, in thin layers near phase boundaries, much of the
flow normal to the boundary dies out. There, diffusion
becomes the dominant transport mechanism. This part of the
book analyses multicomponent mass transfer in such bound-
ary layers or ‘films’. Chapter 7 defines Fick mass transfer
coefficients in multicomponent systems, showing how their
behaviour parallels that of the Fick diffusivities. It then dis-
cusses the problem that diffusion equations only describe
relative motion within a mixture, and that an extra ‘bootstrap’
relation is required to determine the problem. Such relations
can be obtained from the special behaviour of one component
(for example if the component cannot traverse the phase
boundary because it is insoluble). They can also be obtained
from mass or energy balances, or from the stoichiometry of
chemical reactions. ‘Film Theory’ is one of the longest chap-
ters of the book. It begins with the binary form of the theory
including flux corrections. This is worked out for several
different cases which are important in distillation, absorption,
condensation and in chemical reactors. The multicomponent
equations are ‘just’ matrix generalisations of the binary
forms. Different schemes for solving these equations are dis-
cussed, including linearisation and effective diffusivity
approximations. Then the effects of thermodynamic non-ide-
alities are taken into account. The chapter finishes on making
estimations of multicomponent mass transfer coefficients
from dilute binary data. (We usually do not have any better
data available.) This chapter parallels the developments on
molecular diffusion in Part I. “‘Unsteady State Mass Transfer
Models’ summarises the various binary surface renewal mod-
els and show which extensions have been made so far to
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multicomponent systems. The chapter ends with multicom-
ponent versions of the penetration model for spheres and
cylinders; these are rough models for mass transfer to bubbles
and drops and to jets. ‘Mass Transfer in Turbulent Flow’,
contains a description of turbulence models of boundary lay-
ers. It shows how molecular and turbulent diffusivities are
combined in binary models and extended to multicomponent
mixtures with analogous matrix equations. The chapter also
contains a discussion of the estimation of mass transfer coef-
ficients fluid/solid boundaries. ‘Simultaneous Mass and
Energy Transfer’ covers a partial form of the transport equa-
tions for energy, which includes conduction and convection.
The diffusion equation for non-isothermal diffusion is pre-
sented, but otherwise not used in the text. For different mass
transfer models, the influence of heat and mass transfer on
each other, are then worked out. These effects are primarily
convective contributions of mass transfer to heat transfer and
thermal effects on phase equilibria.

Part ITI, ‘Design’, takes up almost 40 percent of the book.
It deals with the non-equilibrium or ‘rate based’ multicom-
ponent models of the classical chemical engineering opera-
tions of distillation, absorption and condensation. This part
of the book brings the reader to the state of the art in this
subject. Chapter 12 deals with multicomponent distillation in
tray and packed columns. It starts with binary models, dis-
cussing conventional concepts such as overall mass transfer
coefficients and numbers of mass transfer stages, which lead
to efficiency models. This part ends with a model of a tray
which describes both the bubble and the spray regimes, with
their transition. (I find the mathematics a little detailed, com-
pared with the rough way that two phase flow is modelled.
Also, the model parameters cannot be easily predicted.) The
extension of the model equations to multicomponent systems
is then worked out. This involves a lot of matrix algebra. The
chapter ends with a parallel development of design equations
for packed columns. ‘Efficiency Models’ deals with the com-
mon method of designing distillation columns using equilib-
rium stages, corrected with an ‘efficiency’. In binary mixtures
such a Murphree efficiency is well behaved. It often has a
value of around 0.7 for both components and varies little over
the length of the column. No such simple behaviour is
observed in multicomponent distillation. The chapter con-
tains many examples, showing how efficiencies vary wildly,
even in distillation of ideal mixtures. They can be anywhere
between plus and minus infinity! The ‘efficiency’ in multi-
component systems is shown to be a confusing concept,
which is probably best avoided altogether. ‘A Non-equilib-
rium Stage Model” develops a complete multicomponent
model of a distillation column. This includes heat and mass
transfer resistances in both phases, but only simple models
of two phase flow in the column. Solving this model on a
computer is discussed and the results of many design simu-
lations are presented. These include distillation of simple
ideal mixtures, extractive distillation with strong nonideali-
ties, vacuum distillation with pronounced pressure variations
and an absorber with large heat effects. A comparison with

experimental studies show that the non-equilibrium multi-
component model is superior to the combination of the equi-
librium model with efficiencies, although the differences are
usually not dramatic. The last chapter deals with ‘Conden-
sation of Vapor Mixtures’. In multicomponent condensers
heat and mass transfer interact strongly. Here the difference
between ‘simple’ conventional models and the more funda-
mental multicomponent nonequilibrium models can be sub-
stantial. Occasionally the conventional models even predict
a wrong direction of the transport of certain components in
the condenser.

The book contains a large number of worked examples
throughout the text. Most are given as Mathcad files on a
separate disk, so you can play with them. (The column sim-
ulations are not on the disk).

The book has been written by two men with long experi-
ence both in multicomponent mass transfer and in computa-
tion. This shows. Even so, the book does have a few
weaknesses:

1. It is not as general as the title suggests. The book is
primarily on mass transfer in distillation and condensation. It
does set up the multicomponent mass transfer relations
clearly and generally, but the general form of the equations
is only used in a few examples.

2. The book treats multicomponent mass transfer with a
mix of two methods: the Maxwell-Stefan and the multicom-
ponent Fick descriptions. The MS-equations usually give the
clearest description of what is going on. The Fick equations
are more convenient numerically, but difficult to understand.
I'would have preferred to have more of the explanations using
the MS equations.

3. I find the authors defensive in their position against
conventional descriptions of mass transfer. The ideas in the
equations of multicomponent diffusion are simple and
straightforward (which does not mean that subject is easy!).
They form a much better base, than the mess of (pseudo)
binary models with empirical modifications, efficiencies,
numbers of mass transfer units and HETPs that we engineers
are still using.

4. In the comparison between the different models, only a
little is said about the effects of transport parameters in the
models. These parameters (such as mass transfer coefficients
and interfacial areas) are very unpredictable, and the values
used will certainly have an influence on the outcome of cal-
culations, ‘ '

Having said this, I must say that I found this a very good
book. Anyone seriously involved in research or development
of multicomponent separation processes should read it. Even
designers (who may be using the techniques of the book in
their programs without knowing), can learn a lot. They can
probably best start in the last part of the book to see what the
results of the ‘new’ way of modelling are.

A final word of warning. The authors say that they think
the content of the book can be covered in a single semester
of a graduate course. I think this is optimistic (although it
does depend on the length of your semester...). Mastering
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multicomponent mass transfer, may take a few years. For a
young chemical engineer it is worth the trouble.

J.A. Wesselingh
University of Groningen, The Netherlands

Experiments in Heat Transfer and Thermodynamics
edited by R.A. Granger, Cambridge University Press, 1994, ISBN 0-
521-44925-1 Hardback, £35.00, ISBN 0-521-45115-9 Paperback,
£14.95.

The preface states that ‘‘we learn by doing’” and suggests
that engineering students will gain a better understanding of
the principles of thermodynamics and heat transfer by per-
forming well-designed experiments. The editor has collected
together 32 experiments from well-known figures in the heat
transfer literature and produced a very readable volume which
should be useful to anyone interested in teaching heat transfer
at the graduate or undergraduate level.

The chapters are organized into sections on heat transfer
(conduction (six experiments), convection (ten), boiling
(four), diffusion (two), radiation (one), heat exchange
(two) and thermodynamics (seven)). The book is aimed at
heat transfer so the thermodynamics section covers topics
related to heat transfer (water superheat, vapour pressure,
latent heat and multiphase flow volume fractions) rather than
heat engines or other areas of engineering thermodynamics.
The book is intended as a resource to supplement taught
courses and this is reflected in the appendices, which include
comprehensive lists of other experiments and demonstrations
in heat transfer and thermodynamics as well as films illus-
trating heat transfer phenomena.

Each chapter describes an experiment and follows a gen-
eral format. The principle, objective and theoretical back-
ground are followed by descriptions of the experimental
apparatus and procedure. The experimental section is supple-
mented by questions for the student, samples of results and
references for further reading. The description of experimen-
tal apparatus and procedure is generally very good but the
references are likely to be required reading for some of the
more complicated experiments. Each chapter finishes with a
brief pen portrait of the contributor.

The experiments cover a range of difficulty and complex-
ity. Several are ideally suited for lecture demonstrations while
others require space, apparatus or conditions in a suitably
equipped laboratory. Few of the experiments involve expen-
sive pieces of equipment and most feature water or air as the
transfer medium. The most evident trend in the book is that
the experiments from Japanese contributors tend to involve
more complex apparatus and analysis. There is a notable lack
of reference to safety in a book of this nature; there is more
discussion of burnout of heaters rather than potential sources
of injury to personnel. One experiment involves evaporation

of drops of benzene or tetrachloromethane, which is unlikely
to comply with the reviewer’s departmental safety guidelines.
The mixture of US, Japanese and European authors is also
evident from the mixing of ST and US units. The editor refers
to other texts for a description of error analysis.

This book does not provide a template for a heat transfer
teaching laboratory. It does, however, represent a readable
and thought-provoking resource for anyone involved in
teaching heat transfer to students in chemical or mechanical
engineering.

Dr. D.I. Wilson
University of Cambridge, UK

Thermodynamics of Irreversible Processes: Applications to

Diffusion and Rheology
by G.D.C. Kuiken, Wiley, 1994, ISBN 0-471-94844-6, xxxii +425pp,
£29.95.

This book is a thorough and clear exposition of the under-
lying principles of the linear thermodynamics of irreversible
processes (TIP). The monograph admirably satisfies the
goals of the Wiley tutorial series in theoretical chemistry and
although it is primarily aimed at undergraduate students it
should also serve as an excellent reference textbook for
research as well as teaching.

Introductory concepts are provided by the author in Chap-
ters 1 and 2. The first chapter clearly defines the scope to
which macroscopic (continuum) theory is restricted and
those topics which are of primary concern in the monograph.
The concept of local equilibrium is discussed at length and
the author rationalizes how truly equilibrium intensive meas-
ures can be considered to be useful definitions for non-equi-
librium systems. In Chapter 2 the fundamental concepts and
laws of classical equilibrium thermodynamics are introduced
and an interesting method of heat engine representation is
provided via vector diagrams. I am also pleased to see the
inclusion of Caratheodory’s statement with the Clausius and
Kelvin-Planck statements of the second law.

Chapters 3, 4, and § are, in sum, an important prelude to
the major emphasis of the book which is to appear later in
Chapters 6 and 7. In Chapter 3 the axioms of TIP are carefully
enumerated and described, with preliminary comments on
entropy dissipation and the phenomenological equations, the
Onsager—Casimir reciprocal relations, and axioms which
specify invariance of the TIP equations to various transfor-
mations. A clear mathematical development of the symmetry
principles for both isotropic and anisotropic materials is also
provided.

In Chapter 4 the author extends the topics of classical
equilibrium and non-equilibrium thermodynamics to multi-
component fluids which do not possess internal ‘‘hidden’’
variables. The material balance, diffusion equations, and elec-



Multicomponent Mass Transier

by Ross Teyvlor and R. Krizhna, Wiley, New
York, 993, 579 pp.

This is an important book on multi-
component mass transfer, written by two
leading investigators in the field. It is
meant for readers already acquainted
with the theory of mass transfer and the
fundamentals of transport phenomena at
the undergraduate level. The book is not-
able for its wealth of examples, including
real data and useful comparisons of al-
ternate models and methods for muiti-
component problems. It is attractively
printed and illustrated, with numerous
graphs and schematic drawings.

Part I, entitled Molecunlar Diffusion,
contains the following chapters:

1. Preliminary Concepts
2. The Maxwell-Stefan Relations
3. Fick’s Law

4. Estimation of lefusnon Coeffi-
cients

5. Solution of Multicomponent
Diffusion Problems: The Line-
arized Theory

6. Sohition of Multicomponent
Diffusion Problems: Effective
Diffusivity Methods

Chapters 2-6 are very useful and well
done, Nonideal mixtures and electrolytes
are treated in the latter part of Chapter
2. The relative merits of the Maxwell-
Stefan and generalized Fick diffusion
coefficients are well treated in Chapters
3 and 4, Chapter 4 is a useful survey of
diffusivity estimation methods for gases
and liguids. Chapters 5 and 6 compare
two popular approaches for solving mul-
ticomponent diffusion problems and
should be required reading for workers
in this field. The pitfalls of effective dif-
fusivity approaches are thoroughly dem-
onstrated in Chapter 6.
Part 11, entitled Interphase Transfer

contains the following chapters:

7. Mass-Transfer Coefficients
8. Film Theory
9. Unsteady-State Mass-Transfer
Models
10. Mass Transfer in Turbulent Flow

11. Simultaneous Mass and Energy
Trangfer.

These chapters review selected mass-
transfer models for binary systems and
develop analogous methods for multi-
component systems. Chapter 7 deals with
definitions, starting from a binary mass-
transfer coefficient and generalizing the
definition to multicomponent systems.
Chapter 8 is a thorough treatment of the
authors’ multicomponent film model,
with many examples. Chapters 9 and 10
are less complete; the surface-renewal
maodel and laminar sublayer model given
there are historically important, but more
realistic models are available. Chapter 11
is extensive and well done, including de-
tailed numerical examples on distillation
and stripping in binary and ternary sys-
tems.

Part III, entitled Design, contains the
following chapters:

12. Multicomponent Distillation:
Mass-Transfer Models

13. Multicomponent Distillation:
Efficiency Models

14. Multicomponent Distillation: A
Nonequilibrizm Stage Model

15. Condensation of Vapor Mixtures

Chapters 12 and 14 treat selected none-
quilibrium models, and Chapter 13 treats
equilibrium-stage models modified by
stage efficiencies. Each chapter has ex-
tensive examples, and the last two in-
clude design studies and compansons
with experiments.

Appendices are provided on matrix al-
gebra, equation-solving and estimation

of the thermodynamic derivative matnx

I=[3Ina/d In xire.

A computer diskette is provided with
the book; the examples in Chapters 1—
13 are solvable using this diskette and
the commercial package Mathcad which
the user must obtain. A separate soft-
ware package, Chemsep, is needed for
some of the exercises in Chapter 14; in-

formation on it is available from Ross
Taylor. With these ‘computational aids
and the extensive examples provided, this
book is a very useful resource for chem-
ical engineers in academia and industry,

Warren E, Stewart

D""h k. Chmlﬂeb Fnslnmﬂna
Umvm'suy of Wisconsin
Madison, WI 53706
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Multicomponent
mass transfer

R Taylor and R Krishnoe, John
Wiley & Sona 1993, 57%p,
ERe ML, TSBN 0471 R7417 3

Reviewed by Michael Biddulph,
Lniyersity of Nottingham

In processes which have been
studied and applied for
cesrturies, for example
disTill2Ton, T2ATCNs of
ralculation and approach
becarne very firmly established.
The approach of most
designers is still to produce an
equilinrium-stage simnudation 1o
provide an estimate of the
number of ideal stages
required, followed by 2
carrection involving tha use of
an estimated overall column
efficiency, or raybe 2
Murphree Tray effidency.

The first of these
cakulations, the ideal stage
simulation, has been the
subject of intense developanent
for thirty years or sp, resulting
in the availability of many
sophisticated remputer
packages. The second part of

the calculation, the eanversioh ™

of the ideal stage solution to
actual trays required, is still
difficult, in spite of much study.
However, designers stil feel
comfortable with this
approach, accepting the
limitations and inaccuracies.
This book brings tagether
the results of the efforts of the
authors to change the
approach 1o the design of
process equipment for
multicampaonant mixtures.
has been known for more than
fifty years that mixtures
containing three or more
components, known as
multicompanent systems, can
behave differently fram binary
systems. However, it is really
onlyin the last twenty years
that e theary has developed,
supported by experimental
observations in iray columns
and packed columns.
Consideration is given fo the
testicn of whether the
addilion ol an exira species to a
binary mixlure influences 1he
process af mass transfer, Thisis
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accepled to be the case. The
authors then consider the
nature of the influences in
detail.

The baok is divided mto three
mair parts. Part | intmduces the
basin of maons, momantum ase
energy transfer in

considers mass-transier models
and mass-transfer coefficiants.
Both mofecular and eddy
diffusian mechanisms are
covered, tugather with the
effects of simultaneous mass
and energy transfer. Part Il
tfeals with the applications to
process design. Distillation tray
colurmns are covered in detail
induding the significance of
point efficiencies In
mukicomponent systems.
Absorption columns and
candensers for
multicompaonent mixtures are
also included, Appendices
expiain the mathematical
techniques in detail. Mary
prablems are userd as
iflustrations.

The textbook is intended for
Lse in high-level academic
courses, and by design englnears
and reseaichers interested in the
complications intreduced by
multicompenent mixlures. it s
intended as a sequel 10 basic
terts on mass transter,

“Hikicempon it Sﬁﬁtéﬁﬁ%f'é'ﬁd %
aspects of diffusion. Part Il

The grest value of this book
is that it brings tagether all the
work that has been directed
towards a different, and more
satisfactory, approach io the
simulation of modern
distitiatinm calummna_ it s videly

aecepled that cinentiy-used
guilibrium-stage models have

sevare deficiencies, These can
be ovarcorme but this bock, in
my view, paints the way to a
better approach. It will be many
years before the familiar
methads are replaced but for
non-ideal mixtures and
mixtures containing trace
components this agproach is
demonstrated as being bedier
Considerable computer power
is required fgr the malx
formulations, but this becomes
less and less of a problem as
time goes by,

This i5 an excellent addition
1o the literature on mass
transter, and one i recommend
highly.

Books recetved
industrial energy

-management

V' Kaiser, Edifions Technip 1993,
18y, FF220 {appx (2720,
{SBN I 71080625 2

ihis book presents the latest
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Cstalysis of Organic Reaetions

I R. Kosak and T. A. Johnson {(Editars)
Afarcel Dekker Inz., New Tork, 1993
608 pp, FI85 18

1SBN 0-8247-5140-1

This work arises in a series of reference and text books
relating (o the Chemical Industries, It is a coliection
of the tschnical papers end short poster synopsss given
at the 14th Conference on Catalyzes of Organic Reac-
tions. The majority of coniributicns are from the USA
with a smaller number from Evrope slthough no one
contribution arless from the United Kingdom. Several of
the cotrtributors are from major iadustrial companies Ay
well as from academia, -
Tha variety of catalysed orgamic reactions covered is
wids and includes hydrogenation, amination, oxidation,
¢, Neow catalyst materiale are mentioned iocluding
copper exchanged zeolites and copper aluminium bor-
ates, titamum based mixed mctal oxides and zeolifes,
Some papers give detafl which might enabie further
scale-up af a proposed process but these are few and far
between, As one might imagine, a book baszd upon
papers from industeial and academic chemists is full of

et gnd the rexded will havetosearch through-the-

work to find that panicviar paper which is of interest
and af use. {ndeed, this is not an easy read bt is mare
& referenre book covering same updo-date developments
in catatysis ehemistry, The papers very in guality and
length.

Some papers review the Geld rather than give specific
detalls of a new syufhesis route. The review paper in
“Mew techoology for olefin production® is a particu-
larly worthwlale contribution. In contrast, 2 paper on
*The catalytic oxidation of hydrocarbons’, whilst wide
renging in oature, reeded some impoctant examples
to be cited,

The catalysts and their preparation are described in
some instances. Zeolites are detailed for the synthesis of
pharmaceutical intermediates, Titanium mixed metal ox-
ides are prepared and vsed in a variety of reagtions, The
recently discovered titaniwm silicate molecalar sieves ate
described. The pore openings in (hege structures arc at
least § A, they have moderate acidity and their cetaiytic
behaviour is consistent with large-pors zoolites,

Interestingly, the development of polymer supparted
catalysts can lead to advantages in the areas of process-
fng snd the environment. A new family of copper ale-
mintum borate catalysts san be ueed for dehydrogenation
and dehydrocycization reactions. In this last case cetaly-
tic activity is well controlled by sol/gel synthesis techni-
ques. ) :

In this werk i follows that only seme topics will
appeal to this reader’s persoaal interests. A most in-
teresting papir on 'Catalysis of organic reagtion by

Trans IChemE, Vel 72, Part A, September 1994

inorganic solide' canght the readers eyz. The authkor
of this paper addresaez & thodern theme, Le, the challengn
for chemistty to fid celatysis which help o pysid
covirotuments! pollation rezolhting from some: caliitytic
processes. Clays aod their derivatives might be just those
catalyasts to achieve the above goal This Iast paper
revisws the Tole of clays as catulysts and hightights somo
important effects. Thus montmetiltonite madified by zinc
chloride becomes an efective catalyst for Friedeld
reactions which can be ussd in place of & conventional
material such as aluminium chioride, but in emaller
quantities. Cowld this be nne of the first environmentally
friendly catalysts?

This wotk is nicely presented with clzer print apd
diagrams and the index is vsual. However, i 5188 the
boak is likely to end up a8 a usaful refercnes book in 2
library rather than in one’s personal collection.

M. A, Hughes

Muiticomponent Mass Transfer
Ross Taylor znd R Krishon
Jolgy Wiley & Sens Lid, 1993
616 pp, ESB.OG
IEBN-G471-57417-1.

This is & splendid book: timely, scholarly, well-written
and imporsnt, T you ever have ic deal with mass
transfer problems, then it is probably worth your while
to familiariss vourself with the concepts and technigues
which the authoss lay bhefore you (and whick they have
thetnselves done miuch to develop). The ideas may look
unfamilizr, the maths unappetising, for not sveryone has
acquired a taste for eigenvalues, but the effort will prove
worthwhfle for two profound reasons, First, multicompo-
nent mixtures have characteristics fundamentally differ-
nt from thos of two component mixtures, such as fluxes
that po up conceniration gradients. So if vour educstion
in these matters is restricted fo the usual vndergraduate
account of binary diffission, you will learn ahout new,
interesting and important phenomena, Secondly, that
paual undergraduste aceount is peculiarly deficlent In
that it yields o tool with which to assess its Jimitaticns:
For example, is the diffusion of acetone vapour in air &
binery prablem, acetonesair, or is it a multicomponent
problem acetone/nitrogenfosygen ... ? The theory of bi-
nary diffusion gives you go help in answering the gues-
tion whilst the mullicomponent theory immediately ex-
plains the circumstances in which the binary approxima-
tion i good while also explaining what fo do when it
feils. ;

it anthors lead we 23 foltowa. After carefyl definitions
of concentrations, Auxes, reforence velocities and bal-
ancas, we meet the Maxwell-Stefan relationy, the funda-
menisl Jaws of multicomponent and binary diffusion.
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These relations are deduced from gas kinetic theory by
momentim transfer arguments. (The ceader should be-
ware of any book which approaches diffusion through
mezn [ree path arguments from kinetic theory: they Jead
1o expressions for diffusion coefficients that are strongly
composition-dependent, in Jefiance of experiment. Or,
they provide attempts to correst the grror with claborae
implausibilities about persisience of velocities) We are
resiricied {0 cases whers eystem peessure i¢ uniform over
the diffusion path so that, for mstance, many tases of
diffusion in porouws salids are excluded, Fick's law, its
generglisation 1o multicomponent mixtyres and its de-
fects are introduced {the browser will find & helpful
discussion on pages 934}, A chapter is devoled to the
estimstion of diffusion coefficients, the material on liguid
mixiures requiring familiarity with activity coefclent
madeis of liquid noaideatity. Chapter 5 iv the keystone
of the baok: the linearized theory of multicomponent
diffusian {5 explained. Chapter € is devoted to robustly
disparaging the alternative ‘effective diffusivity’ ap.
proech. .

Before the concluding section on design iz reached,
with its chapters on multicomponent distillation {using
three diffzremt approaches) and condensation of vapoar
mixtures, it is necessary o extend Lhe diffusion theory to
cover convective mass transfer. Chapter T on mass trans-
fer cocfficients starts usefully by distinguishing betwesn
eosfhcinits carresponding to finile rates of mass transfer
and the limiting fow-flux coefficients. Even for binary
systems, ot all chemical engineering departments make
this distinction elaar o their students. Ther, in turn, we
ihset e s:ﬁm;ﬁ“ﬁﬁ&ﬁﬁ%mﬁfﬁﬂéﬁ"ﬁ*ﬁ?:"s'"ﬁ"ffii?“.:‘“
renewall, mass transfer Jn torbulent flow and simulia-
gmus mass and energy transfer. And then, a3 advertised,

aigh,

praper
“iiads fran

BOOK REVIEWS

The book comet complete with a Roppy disk holding
Mathead files for the meny worked examples in chapters
1-13. Yonr reviewer lost by having no access to Math-
cad, but perhaps gained by being familiar with the simple
agprovimate solution methods discussed in the shon,
Joily, informal volumse Mass Transfer, J. A. Wessstingh
and R. Krishna, (Ellis Horwood, 1999). He certainly
pained in understanding and snthusiase by reading most
of the 579 pages of Taylor and Krishna, It brought
together rnuch that he did know in an organised and
clarifying way (which of his far-sighted teachers exposed
him 10 Toor-Stewart-Praber in the late 6057 andd taught
him a geod deal more that he did not know.

Who must read this book? Separation process people
and most reaction enginecrs. Who should read this
book? Mozt chemical engineers who retain an intellect-
ual interest in the discipline, plus university ¢eschers,
even if they don't. [ suggest that many university depart-
ments ought to greet the publication of this book by
teviewing their teaching of diffusion and mass trans-
fer. Even if they cannol agree on how much of this
material to teach late in their courses, they maust surely
start thinking furicwsly on how best to modify their
inroductory teaching of diffusion and mass fransfer to
climinate any need for un-teaching unsatisfactory mater-
ials later om. ;

And, dear reader, if you are still Hot convinced that
this beck = worth the sfort 1o stedy, consider this
rernark from the "postface

‘Oar of the most exciting possibilities aTorded by a

ap]f:redgﬁnn of the theory of multicomponent

Bhér 1§ THal we'die aute to et S pRiationy vt

wonld otherwise udt be possible using “simple-minded
binary.like approaches,’

W. R. Paterson

Trans IChemE, Vol. 72, Pirt A, September 1994
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Multilcomponent Mass Transfer

Ross Taylor and R, Krishna .
In Malricomponens Mass Transfer, auchors Ross Taylor
and K. Krishna provide a reference fd ic

engineers wurkmg with mulricompone

The book is dmded into three major sections.
Part One deals w;tﬁ the ba.sl.c equations of dtffusmn %

A mult:component systems such as the MaxwelL _

Stefan relations, Fick's liw fot bmary mixi

mulucomponent systems, anci pro

mlxturcs.
In Part Two, the authcrs show ways to estimat.

rates of mass and energy transport in multicompo-

rent systems. Part Three covers various applications

“of mulricomponent mass transfer models to process

design. 'The bouk’s fifteen chapters include several
dozen detailed, worked-out numerical examples
based On aciual physicochemical data wich direct rel-
evance to equipment design. (A typical example 1s to
compare different methods of estimating effective
diffusivicies in 4 system composed ofH N and
CCl 1 ,-) Several appendices review ncr.f.ssary mathe-
m'lt:cal background in matrix algebra, solving differ-
ential equarions, and solving systems of nonlinear
algebraic equations.

The authors note that most multicomponent mass
transfer calculations are compucationally demanding
and are best done using software. A disketce accom-
panying Multicomponent Mass Transfer contains com-
plete Matehead implemencations of 64 examples
worked-out in detail in the texe, and these same
Mathcad files (both DOS Mathcad 2.5 formar and
Windows Mathcad 3.1 format are provided) can be
easily modified to solve many of the exercises. A
library of FORTRAN 77 routines fot performing
multicompenent mass transfer calculations is also

available. £

Multicomponent Mass Transfer is & vodmme in the
Wiley Series in Chemical Engineeving. Jobn Wiley &
Sons. Inc., New York, 1993. 579 pp. ISBN 0-471-
57417-1. Havdeover. $69.95. To avder, jlone:
1-800-225-5945.

“Visualizaction is critical to dara analysis,

X brushmg, and 45° bankmg, as well as methods tor

Visualizing Data

William §. Cleveland

* begins
William S. Cleveland of AT&T Bell Laboratories in
this visually appealing and accessible discussion of
tools—some well kaown and others on the curting
edge of exploratory data analysis—for visualizing
statistical dara. The tools include graphical methods
such as copiots, 3-D rendering, multiway dot plots,

ifualization tools to an eclectic selecrion of datz set:
from scientific studies: barley yields in Minnesots.
heights of singers in the New Yock Choral Socier
scartering of sunlight in the atmosphere, concentra-

tions of poliutants in automobile exhats., tood chai

lengths in ecosystems, bin packing data, atmospheri
carbon dioxide concentrations, galaxy velocities, ani-
mal physiology daca, and livestock populations in

European countries, just to mame a few. This organi-
zation shows the role each tool plays in data analysis

“and the class of problems it solves. A key element in

the book is its ability to demonscrate the power of
visualization. For many of the dara sers, the tools
show that effects were missed in the original analyse
ar incarcect assumpcions were made abouc the behav
tor of the dara. Throughout, the applications convey
the excitement of discovery chat visualization brings
to daca analysis.

Cleveland's workhorse software tool in performin,
the original visuvalizations of the data that inspired
che soft-
ware system developed by Richard Becker, John
Chambers, and Allan Wiltks of AT&T Bell
Laboratories. Users of MachSoft's 5-PLUS product

will recognize some of the data analysis methods anc

the many illustracions in the book was “8,"

enjoy the book’s exploratory daca analysis Aavor,
Cleveland's visualization tricks are available in che
Trellis Graphics add-on to S-PLUS. Anyone with a
basic knowledge of statistics who needs o visualize
data wil) appreciate Cleveland’s insights in this care
fully produced book.

Visualizing Data is available threagh Hobart Press,
Summit, New Jersey, 1993, 360 pp. ISBN 0-
9634884-0-0, Hardcover. $40.00. To order, phone:
1-800-2538-2235.
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