in great detail are also mentioned: the
mean solute velocity, the Taylor/Aris
dispersivity, and the effective volumet-
ric reaction rate. Among the applica-
tions mentioned here we need to un-
derline is that of the chromatographic
separation. The key message that this
textbook brings is eloquently empha-
sized in the preface: a systematic ap-
proach to derive macrotransport coeffi-
cients in terms of the solution of a cor-
responding microscale boundary-value
problem. The authors consider it “one
of the more physically self-consistent
coarse graining theories existing in the
transport phenomena literature.” From
a theoretical perspective, it is noted with
respect to the system’s macrotransport
description that “(it) possesses a similar
dual Lagrangian/Eulerian interpreta-
tion as that of the system’s microtrans-
port description.” This duality is valid at
the macro as well as at the micro level.

The book has three parts. The first
(Chapters 1-9) deals with material dis-
persion theory, the second {Chapters 10
and 11) with nonmaterial (energy and
momentum) dispersion theory, and the
last one, the smallest (Chapters 12 and
13), with a short description of the
foundations of macrotransport proc-
esses. Several applications are exam-
ined in detail throughout the book,
starting in the first chapter with the
original Taylor-Aris dispersion theory of
a solute in the flow through a tube
(Taylor, 1953, Proc. Roy. Soc., A219,
186; Aris, 1956, Proc. Roy. Soc., A235,
67) and progressively moving to more
complicated ones in the subsequent
chapters. Chapter 1 also provides an in-
formal, nonmathematical overview of
the key principles and primary applica-
tions of the macrotransport theory of-
fering a good, clear description of the
phenomena. After a brief literature sur-
vey, the key concepts/prerequisites for
the theory are laid down. Both material
and nonmaterial dispersion theory (ex-
emplified through the discussion of mo-
mentum dispersion in porous media and
suspensions) is introduced here. The
Taylor dispersion emerges as the key
concept resulting from the influence of
external fields, rotation, velocity sam-
pling due to differences in charges,
sizes, shapes, and so on.

In all cases, the material is presented
in a highly organized manner. First, the
layout of the chapters is established ac-
cording to criteria based on the princi-
pal characteristics of the problems un-
der investigation. Prominent among
those is the distinction between contin-
uous (for example, capillary tube) and
discontinuous (for example, porous me-
dia) applications discussed in Chapters
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2-3 and 4, respectively. Other criteria
include transport at the material inter-
face separating two material media
(Chapter 5), time periodicity in the flow
(Chapter 6), the presence of coupling
between the local- and global-space
driving forces as realized by the hydro-
dynamic interaction between a particle
and the wall or another particle in sus-
pensions (Chapter 7), the presence of
particle sources or sinks caused, for ex-
ample, by chemical reactions (Chapter
8), and the presence of spatial periodic-
ity (Chapter 9). This systematic presen-
tation serves a dual role: it demon-
strates potential applications more
clearly and helps direct the reader to the
appropriate location. In principle, after
reading the introductory material in
Chapters 1-4, the reader shall be able
to read any other chapter in any order
as needed.

In each chapter, the relevant system
of partial differential equations, en-
abling the calculation of the macro-
scopic transport coefficients, is first sys-
tematically developed in the abstract lo-
cal-global coordinate formalism for the
specific class of macrotransport proc-
esses considered. The formal spatial ax-
ial-moment formulation originally de-
veloped by Aris (above citation) suitably
modified is used for that purpose. The
resulting equations are neatly summa-
rized and the involved generic abstract
variables tabulated for the benefit of the
reader who is interested in solving the
equations for a particular application
rather than in their detailed mathemat-
ical derivation. This reader is especially
further facilitated by meticulously going
through the remainder of the chapter
which deals with specific example appli-
cations where the before-mentioned
theory is applied. Numerous figures,
boxes, and each application equivalence
table connecting the generic and the
specific to that application variables
further facilitate the understanding of
the material. In this respect, the exer-
cises at the end of every chapter be-
come an integral part of the book di-
recting and simultaneously helping the
reader better understand the involved
mathematical manipulations.

In conclusion, despite the mathemat-
ical complexity of the subject which is
the biggest drawback of a more
widespread use of the proposed theory,
the authors, obviously very much aware
of this fact, tried their best to overcome
it through the exposition style (figures,
boxes, and summaries), the organiza-
tion of the material, a gradual introduc-
tion of the most difficult concepts, and
many examples and exercises. They have
admirably succeeded in this effort, and
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I therefore wholeheartedly recommend
this textbook to anyone who is inter-
ested in transport phenomena in het-
erogeneous media.

Antony N. Beris

Chemical Engineering Dept.
Colburn Laboratory
University of Delaware
Newark, DE 19716

Surface and Colloid Science

Edited by Egon Matijevic, Vol. 15, Plenum,
New York, 1993, 276 pp.

Surfactant technology is built on a
vast body of scientific literature. The
prospect of mastering even a part of that
literature challenges the process engi-
neer, industrial formulator, and aca-
demic researcher alike. Various text-
books introduce fundamental concepts
and flag key papers, but forego exces-
sive depth. Review chapters, such -as
those in the Surface and Colloid Science
series, provide comprehensive coverage
of more specialized topics.

Earlier volumes in this series in-
cluded a number of chapters related to
surfactants scattered among reviews of
other areas. Volume 15 differs from its
antecedents because it focuses primar-
ily on one topic: association of surfac-
tants or block copolymers as micelles.
By and large, the six chapters in the
volume avoid the well-covered topic of
surfactant association in water; instead,
they treat a variety of subjects of
emerging importance in chemical tech-
nology. Three chapters provide ex-
tended introductions as well as compre-
hensive reviews; these should interest a
wide audience. The other three chap-
ters have more narrow foci and are
highly recommended for specialists.

The first chapter, “Micelles of Block
and Graft Copolymers in Solution” by
Z. Tuzar and P. Kratochvil, stands out
in its depth and breadth of coverage.
The authors restrict their scope to asso-
ciation of diblock and triblock copoly-
mers in dilute solutions, summarizing a
Jarge body of literature and formulating
useful generalizations. After a brief re-
view of characterization techniques, the
chapter describes experimental work
(primarily using radiation scattering) to
determine micellar structure. A parallel
section on theoretical models of copoly-
mer micelles omits details but provides
key predictions for association num-
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bers, core radii, and shell thicknesses as
functions of block molecular weights
and other parameters.

The next section describes the evi-
dence for micellization as a closed asso-
ciation process in which individual
copolymer molecules exist in equilib-
rium with micelles having a large asso-
ciation number and narrow size distri-
bution. This view allows experimental-
ists to quantify the thermodynamic driv-
ing forces for association. Unlike the
entropically-driven process by which
surfactants associate in water, the data
imply that enthalpy changes drive block
copolymer micellization in selective sol-
vents.

The chapter concludes with a review
of experiments on the kinetics of mi-
celle formation and decomposition, hy-
drodynamic properties, photo-initiated
core polymerization, and solubilization
phenomena. The relative immaturity of
these areas prevented the authors from
making many generalizations at the time
the chapter was completed. The inter-
vening three years have brought sub-
stantial progress not documented in this
review; a note added in proof gives a
starting point for exploring the most re-
cent literature.

“Surfactant Association in Non-
aqueous Media,” by A. J. I. Ward and
C. du Reau, successfully reviews this
topic and provides informative con-
trasts with micellization in aqueous me-
dia. The balanced treatment of re-
versed micelle formation recognizes that
the existence of reversed micelles in
some nonpolar solvents is still contro-
versial. Experimental data generally in-
dicate that dipole-dipole attraction be-
tween head groups drives association in
nonpolar solvents, while unfavorable
enthalpic interactions between solvent
and tail groups favor association in po-
lar solvents.

The review notes that, compared to
micelles in water, reversed micelles in
nonaqueous solvents have less well-de-
fined critical micelle concentrations
(CMCs) and take nonspherical forms
more frequently. The suitability of
closed vs. open association models for
reversed micelles has not yet been re-
solved. Some experimental data (vapor
pressure osmometry and dielectric dis-
persion) support open association mod-
els which predict the existence of
dimers, trimers, etc. in addition to
monomers and micelles. However, other
experiments (light scattering, surface
tension, and 'H NMR, for example) de-
tect CMCs and indicate closed associa-
tion involving only monomers in equi-
librium with micelles. Experiments us-
ing positron annihilation conclusively

744

identify CMCs in some systems but not
others.

The chapter ends with a discussion of
relatively scarcec data for liquid crystal
and microemulsion formation in non-
aqueous media. The review classifies the
literature according to solvent: only
ethylene glycol, glycerol, and for-
mamide have been studied to date.

A short chapter entitled “Hydro-
tropes— Recent Developments,” by D.

Balasubramanian and S. Friberg, pro-
vides an excellent introduction to an
area not yet familiar to most chemical
engineers. Hydrotropes are compounds,
normally neutral salts of organic acids,
that increase the solubility of otherwise
insoluble compounds in water. Hydro-
tropes including sodium benzoate, sali-
cylate, and benzenesulfonate have been
frequently studied. The review provides
a clear distinction between solubiliza-
tion by hydrotropes and surfactants:
solubilization requires relatively large
amounts of hydrotrope (20-30 wt. %),
and hydrotropes can solubilize much
greater amounts of solute than surfac-
tants.

The chapter continues with an infor-
mative discussion of research that
probes the underlying mechanisms of
hydrotropy. Two mechanisms received
early attention: “salting in,”in which the
hydrotrope dissociates to give ions that
bind with water, thereby facilitating the
dissolution of the solute, and cosol-
vency, wherein the nonpolar part of the
hydrotrope increases the affinity of the
water-hydrotrope mixture for the so-
lute. More recent operational defini-
tions of hydrotropy focus on structure
formation in water-hydrotrope mix-
tures. Although the data show that hy-
drotropes do not micellize in the usual
sense, other evidence supports molecu-
lar association in stack-like aggregates.

The most valuable section of this
chapter discusses applications of hydro-
tropes. Early research focused on phar-
maceutical applications, and hydro-
tropes continue to be used widely for
drug solubilization. Other recent devel-
opments include hydrotrope-mediated
rate enhancement of chemical reactions
involving heterogeneous catalysts and
biocatalysts, and use as agents in ex-
tractive separations and novel deter-
gent formulations.

The chapter’s final section returns to
issues of structure and internal micro-
environment within hydrotrope aggre-
gates. Features similar to surfactant mi-
celles can account for enhanced solubi-
lization and reaction efficiencies, yet
hydrotropy often displays solute selec-
tivity not observed in surfactant solubi-
lization. The authors conclude that “the
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thermodynamics of the aggregation
process of hydrotropes needs to be de-
lineated [before we] interpret hydro-
tropy in terms of the micellar paradigm.”
Three other chapters in this volume
will attract readers with more special-
ized interests. “Microemulsion Forma-
tion with some Typical Surfactants,” by
K. Ogino and M. Abe, reviews the au-
thors’ body of research on microemui-
sions involving sodium alkyl sulfates.
Likewise, “Properties and Applications
of Reversed Micelles,” by K. Kon-no,
focuses on the author’s studies of re-
versed micelles of single- and double-
alkyl tail surfactants. These chapters do
not provide extensive introductions to
their topics, but they do abstract a por-
tion of the literature that may not be
accessible to most readers in the U.S.

Finally, “Study of the Boundary Vis-
cosity of Organic Liquids by the Blow-
Off Method,” by B. V. Derjaguin and
V. V. Karasev, reviews experiments em-
ploying a technique that is much more
elegant than suggested by its name. The
blow-off method measures the distribu-
tion of apparent viscosity across a thin
liquid film that coats one of two paral-
lel planes separated by vapor-filled
channel. Air or nitrogen passes be-
tween the planes and blows the film
down the channel. Under certain condi-
tions, the pressure drop over a given
length of channel is proportional to the
mean shear stress exerted by the gas on
the film, Interferometry or ellipsometry
measures the local thickness of the film;
scanning the length of the film or fol-
lowing the time variation of thickness at
a fixed point provides the film thickness
profile. The liquid velocity profile can
be calculated from the kinematics of the
deformation. Mean shear stress, di-
vided by the local velocity gradient,
yields the local viscosity.

The difference between the liquid’s
“boundary” viscosity and its bulk viscos-
ity reflects surface-induced structure in
the liquid. Although the theoretical sec-
tion of the chapter that produces
boundary viscosity profiles is difficult to
follow, the authors present mostly
thickness profile data that clearly mani-
fest surface structure. The chapter re-
views extensive results for oligomeric
and polymeric liquids including poly-
dimethylesiloxanes, polyisobutene,
organo-silane oligomers, hexadecane,
and various oils. Researchers with in-
terests in jubrication, tribology, and lig-
uid polymer-solid interfaces may find
relevant information in this chapter.

Overall, Volume 15 in the Surface and
Colloid Science series provides a com-
prehensive view of emerging develop-
ments in micellization and solubiliza-
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tion utilizing block copolymers and sur-
factants in nonaqueous solvents. The
volume should find a place in all uni-
versity and industrial research libraries.
Three chapters introduce block copoly-
mer micelles, reversed micelles, and hy-
drotropes in a manner suitable for new-
comers to these areas. Specialists in re-
versed micelles, microemulsions, and
molecular tribology will find valuable
reviews of less-accessible bodies of lit-
erature.

Harry J. Ploehn

Dept. of Chemical Engineering
Texas A&M University
College Station, TX 77843

Protein Purification Process Engi-
neering

Edited by R G. Harrison, Marcel Dekker, New
York, 1993, $155.

Protein separation operations are ex-
pensive. The expanding research and
development resources committed to
the rational design of protein purifica-
tion trains by biotech companies reflect
the need to minimize manufacturing
costs as production scales increase and
market pressures mount. Product dis-
covery efforts often result in the devel-
opment of a small-scale isolation proce-
dure and associated physicochemical
property databases for the target pro-
tein and major contaminating species.
However, the direct scaling of bench
isolation biochemistry to production
levels won’t cut it. The low-cost pro-
ducer will have a purification process
development team with expertise in
bioseparation unit operations, compris-
ing an understanding of the design and
performance of large-scale protein sep-
aration techniques in relation to the
properties of the product and impuri-
ties. Protein Purification Process Engi-
neering should be among the resources
consulted by those looking to develop
or expand such an expertise.

In this book, Harrison assembled a
team of experts, largely from the biotech
industry, who discuss current design and
scaleup issues for the major unit opera-
tions of bioseparations. Each chapter is
devoted to a separate unit operation
and is self-contained. The operations
addressed include cell disruption, mem-
brane filtration, liquid-liquid extraction,
precipitation, conventional and affinity
chromatography, and lyophilization, as
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well as associated analytical methods
development and validation. The treat-
ment level is introductory and the style
is practical. The physical bases for the
various techniques and the impact of
key process parameters on performance
are described qualitatively; detailed
quantitative developments are es-
chewed. Several chapters are rich with
examples of industrial applications.
Those interested in delving deeper will
find that the exhaustive referencing
provides multiple entrees into the re-
search literature for each of the opera-
tions discussed.

Clear standouts are the chapters on
analytical considerations, membrane fil-
tration, precipitation, and conventional
chromatography. The chapter on ana-
lytical considerations gives a detailed
listing of the various assay techniques
for purity and bioactivity and describe
how assay procedures are integrated
with a process. Particularly useful is a
discussion of the types of impurities
typically encountered during down-
stream processing and how analytical
methods may be tailored to follow their
fate throughout a process. It also dis-
cusses transforming growth factor beta
and recombinant tissue plasminogen ac-
tivator case studies, as well as the need
for assay validation; however, the actual
mechanics of validation is vaguely
treated just like the FDA has been. This
chapter should be required reading for
anyone contemplating the development
of a commercial protein purification
process.

On membrane filtration filtrate flux
and solute rejection are discussed con-
cisely with respect to concentration po-
larization and fouling phenomena as
well as operating conditions. Numerous
examples are focused on the various ap-
plications of microfiltration, from celi
harvesting to virus removal. Affinity
membrane systems are introduced
briefly as an alternative to chromato-
graphic separations.

The chapter on fractional precipita-
tion describes the protein physical
properties governing protein solubility
and current colloidal solubility theories
against an extensive background of the
forces governing protein-protein inter-
actions. It includes an encyclopedic cat-
alog of who has precipitated what pro-
tein with what reagent. In this regard,
the chapter can be overwhelming since
so many examples and counterexamples
of protein solubility behavior are pro-
vided that one is lead, rightly, to ques-
tion solubility paradigms. General prin-
ciples of precipitate formation in terms
of nucleation, growth and aging phe-
nomena and their relation to the design
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of precipitation equipment are treated
pragmatically with several process flow
diagrams. A must-read for protein pre-
cipitation operations.

An eminently practical guide to con-
ventional chromatographic separations
clearly explains various modes of chro-
matography, including the powerful, yet
oft-neglected displacement mode. Sim-
plified design equations are presented
with key procedural and physical details
such as column packing, clean-in-place,
sterilization, depyrogenation, and inclu-
sion of air traps. These considerations
are usually absent from background de-
scriptions of chromatography. Proce-
dures for the identification of the rate-
controlling mass-transfer step in a given
chromatographic separation are dis-
cussed, with which process optimization
efforts may be aimed in fruitful direc-
tions.

I had a mixed reaction to the chap-
ters on cell breakage, liquid-liquid ex-
traction and lyophilization. The discus-
sion of cell disruption was largely anec-
dotal and circular in nature. Although
important operating parameters for
high-pressure homogenizers and bead
mills are outlined, little information was
given to aid a first-pass design. | would
have welcomed a discussion of the close
coupling between cell disruption and
subsequent centrifugation or microfil-
tration operations for debris removal.
The chapter on liquid-liquid extraction
introduces practical process considera-
tions within the context of several case
studies, leading to a somewhat scat-
tered presentation. However, in the
hepatitis B surface antigen PEG/dex-
tran extraction used as the primary ex-
ample, key process information such as
the temperature, pH and ionic strength
were omitted. No discussion of avail-
able aqueous two-phase systems and di-
agrams was given, nor the theory of
aqueous two-phase partitioning, the ex-
tensive efforts of Blanch’s group at
Berkeley and Hall’s group at N.C. State.
Although the author suggests that lig-
uid-liquid extraction should find wider
application in industry, it’s not clear that
this chapter is enabling. The topic of
lyophilization is usually and unaccount-
ably omitted from most books on pro-
tein separations. This book, however,
discusses qualitative freezing, primary
and secondary drying processes illus-
trated with phase diagrams and repre-
sentative differential scanning calorime-
try thermograms of the product. How-
ever, the apparently conscious avoid-
ance of even simple mass and heat flux
equations made the description of
transport phenomena governing this
process awkward. No reference at all
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