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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 1 l 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 F = [d In a/d In x]r  

This is a major contributi0~n 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. 
KU1KEN, 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 flux 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 
dearly for the specialists, and they are not readily accessible 
to others. 

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 Maxwelrs 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. 
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