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Preface

In recent years microemulsions have attracted a great deal of attention not
only because of their importance in industrial applications but also because
of their intrinsic interest. They optimize the performance of a wide spec-
trum of industrial and consumer products and processes.

Microemulsions are isotropic and thermodynamically stable multicom-
ponent fluids composed of water, oil, and amphiphile(s). The characteristic
properties of microemulsions include spontaneous formation, optically
clear appearance, large interfacial area, low interfacial tension, large so-
lubilization capability, and low viscosity—properties that render these or-
ganized solutions unique.

Practical applications of microemulsions preceded their scientific rec-
ognition. But the related industrial development was limited for many years
due to a lack of basic knowledge of these colloidal solutions. However,
the rapid and continuous progress achieved over the past decade has stim-
ulated many novel applications ranging from lubricating fluids to agricul-
tural sprays, drug delivery systems, and reaction media. At present, indus-
trial applications of microemulsions are under active and growing
development.

The literature on microemulsions is extensive, and the field has recently
experienced rapid progress. In early volumes of the Surfactant Science
series, information on microemulsions was scattered throughout a chapter
or parts of chapters, whereas more recently whole volumes have been de-
voted to the exploitation of their basic aspects. Nevertheless, there is still
a shortage of information on their applications. An exhaustive review did
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appear in 1984, in Volume 6 of this series. But in view of the enormous
advances in the field of microemulsions in the past few years, there has
developed a need for a book devoted to their industrial applications. This
publication satisfies that need.

The main objective of this book is to provide a comprehensive descrip-
tion of the most useful industrial applications of microemulsions. It is
aimed at scientists, engineers, and students with either industrial or aca-
demic interests. It will also stimulate the interest of managers in industry.

The contributors are leading experts from industry and academia. They
have been actively engaged in the research and development of various
technological applications of microemulsions.

The two introductory chapters focus on basic concepts of microemul-
sions, which are essential to understanding their industrial significance.
These chapters are followed by a comprehensive discussion of relevant
technological and industrial applications. The scope of the coverage reflects
the state of development and availability of the published material on the
subject. Some of the applications (e.g., enhanced oil recovery) are well
known and have been extensively reviewed in many previous publications.
In such cases, only the major recent developments have been considered.
Other well-established applications (e.g., pharmaceuticals, cosmetics, agro-
chemicals, and lubricants) for which there is not an extensive literature are
explored in considerably more depth. This book also contains chapters on
the relatively new areas of applications such as biotechnology, foods, tex-
tile dyeing, extraction processes, analytical determinations, and preparation
of nanostructured materials.

We wish to thank all the contributors for their efforts. We also wish to
thank Dr. Martin J. Schick, the editor of this series, for his encouragement
in undertaking this task, and production editors, Mr. J. Stubenrauch and
Mr. H. Boehm, for their help during the preparation of this volume. We
are especially indebted to Mr. and Mrs. Guruswamy and to Mrs. Lidia
Beltran, who provided considerable assistance in helping to edit the book.

Conxita Solans
Hironobu Kunieda
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INTRODUCTION

It is now well established that large amounts of two immiscible liquids
(i.e., water and oil) can be brought into a single phase, macroscopically
homogeneous but microscopically heterogeneous, by addition of an appro-
priate surfactant or surfactant mixture. This unique class of optically clear
solutions called microemulsions comprises the colloidal systems that have

1
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attracted much scientific and technological interest over the past decade.
This wide interest stems from their characteristic properties, namely ultra-
low interfacial tension, large interfacial area, and solubilization capacity
for both water- and oil-soluble compounds. These and other properties
render microemulsions intriguing from a fundamental point of view and
versatile for industrial applications.

Microemulsions had already been used in technological and household
applications well before they were scientifically described for the first time
as special colloidal dispersions by Hoar and Schulman in 1943 [1]. These
authors reported the spontaneous formation of a transport or translucent
solution upon mixing of oil, water, and an ionic surfactant combined with
a cosurfactant (i.e., a medium chain length alcohol). At first, Hoar and
Schulman [1] referred to this new type of colloidal dispersion as an oleo-
phatic hydromicelle, and Bowcott and Schulman [2] referred to it with
other names, such as transparent emulsions, at later stages of their studies.
In 1959, about 15 years after Schulman’s first publication on the subject,
Schulman et al. [3] introduced the term microemulsion, the term that has
prevailed for these systems.

Microemulsions form under a wide range of surfactant concentrations,
water-to-oil ratios, temperature, etc.; this is an indication of the occurrence
of diverse structural organizations. The picture that emerged from the ear-
lier work on microemulsions [1-3] was that of spherical water or oil drop-
lets dispersed in either oil (W/O) or water (O/W) with radii of the order
of 100 to 1000 A. In addition to droplet-type structures, the existence of
microemulsions with bicontinuous structures in which the surfactant forms
interfaces of rapidly fluctuating curvature and both the water and oil do-
mains are continuous was later established [4].

A great deal of debate about the definition of microemulsions originated
from the different concepts of the nature of these systems. Whereas Schul-
man et al. [1-3] viewed microemulsions as two-phase kinetically stable
emulsions, Shinoda and Kunieda [5] pointed out that microemulsions could
not be considered true emulsions but are one-phase systems with solubi-
lized water or oil, identical to micellar solutions. Phase behavior studies
by Friberg et al. [6—9] and Shinoda et al. [10—13] confirmed that most of
Schulman’s so-called microemulsions fell in the one liquid phase regions
of the phase diagrams of the corresponding systems; that is, they were
solubilized solutions. Adamson [14] suggested calling the microemulsions
“micellar emulsions.” The debate concerning thermodynamic stability of
microemulsions continued in the 1980s. The definition of microemulsions
suggested by Danielsson and Lindman [15] as systems of water, oil, and
an amphiphile(s), which are single-phase and thermodynamically stable
isotropic solutions, is quite widely accepted. However, other authors con-
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sider that the condition of thermodynamic stability is an unnecessary lim-
itation and advocate a definition including, instead, the concept of spon-
taneous formation as more appropriate [16].

Il. HISTORICAL BACKGROUND
A. Applications

The history of the early growth and development of microemulsions of
industrial interest was extensively described by Prince [17], a pioneer in
the study of theoretical and practical aspects of microemulsions. This has
been the source of most of the information given in this section. The in-
dustrial development of microemulsions started in the 1930s, about 30
years before the term microemulsions was proposed by Schulman et al.
[3]. However, applications of microemulsions at a domestic level were
already known earlier. Indeed, it has been reported [18,19] that a very
efficient recipe consisting of an oil-in-water microemulsion was widely
used for washing wool more than a century ago in Australia. The formu-
lation was made of water, soap flakes, methylated spirits, and eucalyptus
oil.

The first marketed microemulsions were dispersions of carnauba wax in
water. They were prepared by adding a soap (i.e., potassium oleate) to
melted wax followed by incorporation of boiling water in small aliquots.
The resulting opalescent formulations were used as a floor polisher and
formed a glossy surface on drying. The opalescence of the dispersion ob-
tained was interpreted as due to the presence of very small droplets (below
140 nm). The effectiveness and stability of the liquid wax formulations
stimulated the development of many other formulations consisting of either
O/W or W/O microemulsions [17]. An example of a particularly success-
ful application of microemulsions of the W/O type was the formulation of
cutting oils. Mineral oil-in-water emulsions had been used as effective
coolants and lubricants for machine tool operations. However, after several
cycles of operation, their efficiency decreased because of emulsion insta-
bility. The development of stable cutting oil formulations represented a
great improvement in this area. The first formulations consisted of mineral
oil (the lubricant), soap, petroleum sulfonate (an emulsifier and corrosion
inhibitor), ethylene glycol (a coupling agent), an antifoam agent, and water
(the coolant). Generally, the water was added by the user and the “soluble
oil,” the rest of the ingredients, was the commercial product [17]. Later,
other formulations to which the user added both the oil and water were
developed.
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Simultaneously with the development of the O/W-type microemulsion
formulations, a cleaning solution that was a microemulsion of the W/O
type was introduced on the market. It consisted of pine oil, wood rosin,
sodium oleate, and about 6% water. These solutions can be regarded as a
precursor of the modern antiredeposition agents. On addition of this W/O
microemulsion formulation to the washing solution, inversion to a microe-
mulsion of the O/W type occurred, provided that the initial concentration
of soap was sufficient. Soon afterward, O/W microemulsions (based on
pine oil) experienced rapid development as fluid cleaning systems for
floors, walls, etc. [17].

In the next decades, the 1940s and 1950s, microemulsion formutations
were introduced in several areas of applications, from foods (flavor oils)
to agrochemicals (pesticides), detergents (dry textile cleaning), and paints
(latex particles). The task of microemulsion formulators was greatly facil-
itated by the commercial availability of nonionic emulsifiers. Previously,
soaps were almost the only emulsifiers used in industry. The high
hydrophile-lipophile balance (HLB) of soaps rendered formulation of mi-
croemulsions difficult, requiring the presence of long-chain alcohols as
cosurfactants.

The application of microemulsions that led to the greatest expectations
was, without doubt, that in tertiary oil recovery [20]. A considerable
amount of oil is trapped in the porous rocks of oil reservoirs after primary
and secondary oil recovery; a surfactant solution is then injected. In order
to remove this residual oil successfully, the interfacial tensions between oil
and water should be lower than 107> mN/m. The main advantage of a
microemulsion over other surfactant solutions is the ultralow interfacial
tension (lower than 107> mN/m) achieved when it coexists with an aqueous
and an oil phase [21,22]. The application of microemulsions in oil recovery
offered a large economic potential that stimulated enormously the devel-
opment of theoretical and experimental research in the field of microe-
mulsions. Even though microemulsions were considered appropriate sys-
tems for oil recovery since the early 1940s, increased interest in this
application developed in the 1960s. This has been reflected in numerous
patents and publications. The early developments of the applications of
microemulsions in the area of enhanced oil recovery have been extensively
reviewed [20,23]. Chapters 14-16 of this volume describe recent
developments.

The main developments of practical applications of microemulsions up
to the mid-1980s are described in a comprehensive review by Gillberg [24].
This area has experienced continuous progress. The abjective of the various
chapters of this book is to provide information about the most significant
advances in the field of microemulsion applications in the past decade.



