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Preface

This book describes recent developments in basic and applied science and engineering of finely
dispersed particles and related systems. Written by a team of outstanding scientists, this book
takes an interdisciplinary approach to the elucidation of the heat, mass, and momentum transfer
phenomena as well as the electron transfer phenomenon, at well-characterized interfaces. The
considered scales are milli-, micro-, nano-, and atto-, using both coherence and decoherence theor-
etical approaches. Milli- and microscales may cover more or less classical chemical engineering
insight, while nano- and attoscales focus on modern molecular and atomic engineering. In this
context, “atomic engineering” recalls the ancient idea of interplay of particles that are small, indi-
visible, and integer (Greek “aropo{”). In the recent scientific literature, terms such as nanoscience
and nanotechnology, functional artificial nanoarchitectures, nanosystems and molecular machin-
ery, once considered merely futuristic, have become focuses of attention. The aim of this book
is to provide the readers with recent concepts in the physics and chemistry of well-studied interfaces
of rigid and deformable particles in homo- and hetero-aggregate dispersed systems. As many such
systems are non-Newtonian, apart from classical momentum, heat, and mass transfer phenomena,
the electron transfer phenomenon is also introduced into their description. Examples of such
systems are: emulsions, dispersoids, suspensions, nanopowders, foams, fluosols, polymer
membranes, biocolloids, and plasmas. Thus, the central themes of this book are the hydrodynamic,
electrodynamic, and thermodynamic instabilities that occur at interfaces and the rheological
properties of the interfacial layers responsible for the existence of droplets, particles, and
droplet—particle—film structures in finely dispersed systems.

Part I, Introduction, written by Spasic, Mitrovic, and Krstic, gives a brief overview of the finely
dispersed systems through their classification considering surface and line continua and point
discontinua, states of aggregation, homo and hetero, and their shape, rigid or deformable.

In Part II, General, several overviews are presented, beginning with Ohshima’s chapter on
electrokinetic behavior of charged particles and droplets, then Delgado and Gonzélez-Caballero
present a chapter on electrokinetic phenomena in suspensions, followed by Schramm and Stasiuk’s
overview of emulsions, and finally Saboni and Alexandrova close this section with heat and mass
transfer in finely dispersed systems.

Part II continues with a section on various approaches and transitions. Chapter 6 covers
polymer networks and transitions from nano- to macroscale by Plavsic. The following chapter is
on the atomic scale imaging of oscillation and chemical waves at catalytic surface reactions by
Elokhin and Gorodetskii. Then next chapter relates the characterization of catalysts by means of
an oscillatory reaction written by Kolar-Ani¢, Anié, and Cupié. Then Dugié, Rakovié, and
Plavsic address polymer conformational stability and transitions based on a quantum decoherence
theory approach. Chapter 10 of this section, by Jari¢ and Kuzmanovié, presents a perspective of the
physics of interfaces from a standpoint of continuum physics.

Finally, Part II ends with a section on tools. The first chapter, written by Petkovska, discusses
nonlinear dynamics methods for estimation of equilibrium and kinetics in heterogeneous solid—
fluid systems. Then Oldshue discusses current principles of mixing related to the scale up and
scale down. This section ends with Jovanié¢’s chapter on quantification of visual information.

Part III deals with homo-aggregate finely dispersed systems and contains chapters about
emulsions, dispersoids, and liquid-liquid dispersions. Oldshue presents a brief chapter on non-
Newtonian aspects of emulsification. The following chapter by Spasic, Lazarevic, and Krstic dis-
cusses a new theory of electroviscoelasticity using different mathematical tools. Then, a review of



experimental results on the production of mono-dispersed emulsions using Shirasu membranes is
presented by Vladisavljevic, Shimizu, Nakashima, Schubert, and Nakajima. The Dispersoids
section contains a single chapter by Zduji¢ who gives a short account of the main aspects of the
mechanical treatment of inorganic solids. Part III concludes with a chapter by Bart on Liquid—
Liquid Dispersions introducing reactive extraction in electric fields.

Part TV covers hetero-aggregate finely dispersed systems and includes four chapters. The first
section Foams contains a chapter written by Creux, Lachaise, and Graciaa on gas bubbles within
electric fields. In the chapter on section Fluosols, Jokanovic presents nano-designing of structures
and substructures in spray pyrolysis processes. Further on, Alexandrova, Amang, Garcia, Rollet,
and Saboni address transfer phenomena through polymer membranes. The chapter on Multiphase
Dispersed Systems, written by Dudukovié¢ and Nikacevié, is concerned with gas-flowing solids-
fixed bed contactors. The following chapter discusses reaction and capillary condensation in
dispersed porous particles by Ostrovskii and Wood. This section ends with a chapter by Skala
and Orlovic on particle production using supercritical fluids.

The book closes with Part V “Hetero-Aggregate Finely Dispersed Systems of Biological
Interest” and contains eight chapters under the one section head of Biocolloids. Kuo and Hsu
begin this section by discussing the effects of electrical field on the behavior of biological cells.
Then Dzwinel, Boryczko, and Yuen present methods, algorithms, and results of modeling meso-
scopic fluids with discrete particles. That is followed by a chapter discussing nonlinear dynamics
of a DNA chain presented by Zdravkovié. The next chapter, written by Partch, Powell, Lee,
Varshney, Shah, Baney, Lee, Dennis, Morey, and Flint, discusses surface modification of dispersed
phases designed for in vivo removal of overdosed toxins. Following on, Pasqualini and
Lopez present their chapter on carbon nanocapsules and their nuclear application. In chapter 30,
Markvicheva presents methods of bioencapsulation in polymer micro- and nanocarriers and
their application in biomedical fields. The penultimate chapter by Bugarski, Obradovic,
Nedovic, and Goosen describes a method of electrostatic droplet generation for cell immobiliz-
ation. The final chapter of the book, written by Mojovic and Jovanovic, is dedicated to a micro-
biosensor based on immobilized cells.

The intended audience of this book includes: chemical engineers — researchers in fundamen-
tals of finely dispersed particles — separation, sorption, membrane processes, nanoscience and
nanotechnology; physical chemists — researchers in colloid, biocolloid and interface science;
theoretical and applied mechanicians — rheologists; biologists and medicine researchers —
hematology, genetics and electroneurophysiology; researchers in food, pharmaceutical, petro-
chemical, and metallurgical science.

Applications and implications of the material presented in the book are supposed to contribute
to the advanced fundamentals of interfacial and colloidal phenomena. Related subject
examples are:

« Entrainment problems in solvent extraction

« Colloid and interface science

» Chemical and biochemical sensors

« Electroanalytical methods

+ Biology and biomedicine (hematology, genetics, electroneurophysiology)

« Interface surface, line, point and overall barriers-symmetries (surface — bilipid membrane
cells, free bubbles of surfactants, Langmuir Blodgett films; line — genes, liquid crystals,
microtubules; point — fullerenes, micro-emulsions; overall — dry foams, polymer
elastic and rigid foams)
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