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The book is about non-equilibrium thermodynamics of diffuse multicompo-
nent, chemically reacting, polarized, multiphase mixtures in local equilibrium.
The authors consider several phases, and the phase boundaries (surfaces and
lines) are treated as separate, autonomous thermodynamic systems. The word
heterogeneous in the title is related to phases and phase boundaries and not to
material heterogeneity. Mostly one-dimensional stationary systems are con-
sidered in the book and the transport is assumed to be perpendicular to the
surfaces. Molecular dynamic simulations, kinetic theory calculations, and
weakly nonlocal continuum calculations are used to provide a deeper insight
and a justification of the applied basic hypotheses: local equilibrium, On-
sager reciprocity, and the autonomous description of the surface in terms of
the excess quantities. The application examples consider the technical de-
tails of the measurement of the necessary physical quantities (e.g., transport
coefficients); moreover, they give complex and real examples of important
industrial applications. Elaborated exercises help the understanding of the
material.

The book is divided into two main parts after the introductory chapters: Part
A deals with the general theory and Part B with applications. There are three
introductory chapters. The first one presents the scope and the context of
the book, giving a general motivation. The second introductory chapter moti-
vates the use of non-equilibrium thermodynamics in scientific and engineering
problems. The third introductory section shortly explains the basic concepts
and the thermodynamic relations for discrete multiphase systems, introducing
the boundaries as autonomous thermodynamic bodies.

In Part A, the governing equations and the constitutive theory are intro-
duced. The entropy production for homogeneous systems, for surfaces, and
for a three-phase contact line are developed in separate sections. The flux
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equations and the Onsager relations are treated, and finally the character-
istics of pairwise coupled systems – thermal-diffusive, thermal-conducting,
diffusive-conducting – are given in separate chapters. There the emphasis
is on the experimental and theoretical determination of the transport coeffi-
cients.

In Part B, the authors develop a mixture of applications: evaporation and
condensation, multicomponent diffusion and heat transfer, different electro-
chemical applications (electrode reactions, junction potential, impedance of
an electrode surface) show the power of the thermodynamic theory. The com-
plex examples of the formation cell or the thermodynamic model of the poly-
mer electrolyte fuel cell are based on the previous results. Some important
non-trivial questions are treated in separate chapters, like the question of
transported entropy or the measurement of membrane transport properties.
The section about the salt power plant may be the best example of the di-
rect engineering applications. Finally, two chapters deal with the justification
of the most important hypothesis of the model. Molecular dynamic simula-
tions demonstrate the validity range of the local equilibrium and the Onsager
symmetry relations. The final chapter introduces the classical Van der Waals
capillarity model – a continuous, moreover weakly nonlocal extension of
the classical phase boundary model – and applies to one-dimensional phase
boundary calculations, as a justification of the autonomous surface hypothe-
ses.

The authors of the book are well known in the thermodynamic community
as representatives of the theory of Classical Irreversible Thermodynamics
(CIT) based on local equilibrium hypothesis and linear flux–force relations.
This book is a result of at least two decades of research and demonstrates the
capabilities of this theory. The detailed theoretical and experimental study
of the investigated systems shows very well the deep insight that one can get
from clear theoretical approaches.This unity of theory and experiments is one
of the most important virtues of the book. Non-equilibrium thermodynamics
– as a frame theory of classical physics – is a foundation of several parts of
engineering and can give a unified treatment of complex systems. The book is
a great example of how new theoretical ideas – in this case, the idea of surfaces
as autonomous thermodynamic systems – and clever experimental work can
lead to the understanding and development of industrial technologies. The
rigorous and conservative approach of CIT is an advantage of the book – a
clear and solid foundation with clean-cut ranges of validity. The broad range
of different applications demonstrates the enormous unification power of non-
equilibrium thermodynamics.

However, at the same time, this conservative point of view can become a dis-
advantage, too. The chapters and remarks dealing with the important general
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questions and problems of non-equilibrium thermodynamics are sometimes
misleading. First of all, the local equilibrium theory is not omnipotent. The
authors practically do not mention any theories beyond equilibrium and do
not classify the different concepts of non-equilibrium. The sparse examples
are not in a proper context. For example, the book of H. C. Öttinger is cited as
something related to the “non-linear regime”. However, that book is related to
internal variables together with a particular weakly-nonlocal extension of the
classical framework. The authors demonstrate by molecular dynamic simula-
tions that local equilibrium is valid under unexpected circumstances, under
large thermodynamic forces (high temperature gradients). However, they do
not mention systems where local equilibrium is clearly violated and the rea-
son of violation lies in the material properties – complicated microscopic
or mesoscopic structure – not in the magnitude of thermodynamic forces.
Similar reservations can be given toward the argumentation regarding the
second pillar of Classical Irreversible Thermodynamics: the validity of the
Onsager reciprocity relations. They are not related directly to the relaxation
to equilibrium (Section 7.3). E.g., the asymptotic stability of the equilibrium
of the simple example system is a consequence of the Second Law, indepen-
dently of the reciprocity. Oscillating solutions can tend to equilibrium. The
pure skewsymmetry or symmetry of the flux–force relations are not the only
possibilities. It is worth mentioning that frame indifference of the flux–force
system plays an important role throughout the book, but the authors do not
mention that the particular simplicity – not triviality! – of their treatment is
due to the mechanical equilibrium. Considering the motion of the continuum
is a different matter, and leads to the conceptual difficulties of material frame
indifference. In the last chapter, a particular system that is not in local equilib-
rium is treated. The classical Van der Waals fluid is a beautiful example that
theories beyond local equilibrium – in this case, a weakly nonlocal extension
of the fluid equations – can lead to important applications. Here they are used
to justify the basic assumption of the book – the existence of surfaces as au-
tonomous thermodynamic systems. We can get important information about
theories of local equilibrium, understanding them from the point of view of a
more general theory.

Non-equilibrium thermodynamics, as the frame theory of the dissipative phe-
nomena in macroscopic physics, has an inevitable conceptual power treating
complex systems. Moreover, the potential of the simplicity of this approach
is not yet explored in engineering. The ambitious goal of this book is to
demonstrate these possibilities by giving a treatment that is accessible to ev-
erybody who is interested in applications and, at the same time, by giving
the necessary details to everybody who is interested in the foundations, too.
This is a very good book, maybe the best in non-equilibrium thermodynam-
ics in the past few years. As the book is restricted mostly to homogeneous
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systems and assumes preliminary knowledge of equilibrium thermodynam-
ics and the basic balances of continuum physics, it is comprehensible and
recommended to everybody who is interested in the application areas of the
book or in non-equilibrium thermodynamics in general, both for engineers
and researchers.
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