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Preface

The 539th Colloid and Surface Science Symposium and the 5th Inter-
national Conference on Surface and Colloid Science were held on the
campus of the Clarkson College of Technology in Potsdam, New York.
June 24-28, 1985. The meeting was organized by the Clarkson's
Institute of Colloid and Surface Science. Among the eighteen special
topics discussed was one entitled. Microemulsion Systems; this mono-
graph reports most of the papers presented at that symposium,

where the discussions ranged from fundamental research to develop-
ment efforts. The latest developments in the fields of the mechan-
isms of formation and stability of microemulsions, characterization,
relation between phase behavior and structure, dynamic processes,
interfacial properties, theoretical modeling, gas solubility, water-

less microemulsions, diffusion phenomena between phases, and

many more studies, are reported in this collection of twenty-five
chapters on microemulsion systems.

We would like to express our appreciation to all those who par-
ticipated in preparing this volume, especially the contributors. We
would also like to thank Evelyn Cropper for her patience while we
were gathering and editing the twenty-five chapters by scientists
from the four corners of tHe world; without her collaboration these
proceedings could not have been published. We feel that this uni-
versal interest in microemulsion systems, initially in the field of ter-
tiary oil recovery, is starting to find more and more industrial appli-
caticns, such as in pharmaceuticals, chemical manufacturing, deter-
gents, personal care products, pesticides, herbicides, food pro-
ducts, and in many other important fields.

Henri L.. Rosano
Marc Clausse
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Introduction

In reporting the proceedings concerned with "Microemulsion Systems”
at the 59th Colloid and Surface Science Symposium and the 5th Inter-
national Conference on Surface and Colloid Science (Potsdam, New
York, June 24-28, 1985), this book also reflects the difficulty experi-
enced by the participants in reaching a common ground on the defi-
nition of the term "microemulsions.” Over 20 definitions were pro-
posed, but no clear-cut definition emerged. The only common defini-
tion described these clear (or sometimes lactescent) systems as con-
taining one polar liquid (generally water or saline), a hydrophobic
liquid (the "oil phase"), and a selected (one or several) surface

active agent. ,

The word "microemulsion" was originally proposed by Jack H.

Schulman and co-workers in 1959, although the first paper on the

topic dates from 1943. They prepared a quaternary solution of water,
benzene, hexanol, and K oleate, which was stable, homogeneous, and
slightly opalescent. These systems became clear as soon as a short
chain alcohol was added. In the years between 1943 and 1965, Schulman
and co-workers described how to prepare these transparent systems.
Basically, a coarse (or macro) emulsion was prepared, and the system
was then titrated to clarity by adding a cosurfactant (second surface
active substance). When the comoination of the four components was
right, the system cleared spontaneously. Most of the work reported by
Schulman dealt with four-component systems: hydrocarbons (aliphatic
or aromatic); ionic surfactants; the cosurfactant, generally 4- to 8-
carbon chain aliphatic alcohol; and an aqueous phase. Schulman had
previously published extensively in the field of monolayers, and applied
what he had learned in that field to explain the formation of a microemul-
"sion. He proposed that the surfactant and the cosurfactant, when prop-
erly selected, forin a mixed film at the oil/water interface, resulting in an

XV



xvi Introduction

interfacial pressure exceeding the initial positive interfacial tension.
The concept of a negative interfacial tension was suggested by
Schulman. Rosano and co-workers showed that transitory zero (or
very low) interfacial tensions obtained during the redistribution of
the cosurfactant often play a major role in the spontaneous formation
of these systems. This conclusion was based on the differences in
the observed results when the order of mixing the components was
changed.

To summarize, the basic observation made by Schulman and co-
workers was this: when a cosurfactant is titrated into a coarse
emulsion (composed of a mixture of water/surfactant in sufficient
quantity to obtain microdroplets/oil), the result may be a system
which is low in viscosity, transparent, isotropic, and very stable.
The transition from opaque emulsion to transparent solution is
spontaneous and well defined. It was found that these systems are
made of spherical microdroplets with a diameter between 60 to 800
angstroms. It was only in 1959 that Schulman proposed to call these
systems microemulsions: previously, he used terms such as trans-
parent water and oil dispersion, oleopathic hydromicelles, or hydro-
pathic oleomicelles.

In 1943, T. P. Hoar and Jack H. Schulman describing an oil/water
system wrote: "The disperse phase consists of submicroscopic mi-
celles having a core of soap-in-water solution and a surface mono-
layer of soap ionic-pairs, interspersed with nonionized amphipathic
molecules, with the hydrocarbon portions orientated outwards. The
high soap/water ratio ensures that the soap is undissociated. The
presence of the water/oil interface containing orientated nonionized
amphipatic molecules allows undissociated soap ion-pairs also to ori-
entate there, as an alternative to association in curd filers. The
nonionized amphiphatic molecules separate the soap ion-pairs suffi-
ciently to prevent the repulsion between them that would otherwise
occur, and indeed convert the repulsion in the monolayers into an
attraction by forming complexes with the soap."

In order to explain the "spontaneous" formation of these micro-
droplets and their stability, the following explanation was advanced
by Schulman: recall that 7-surface pressures can be obtained spon-
taneously by the monolayer penetration of an alkyl alcohol or choles-
terol monolayer with ionic surface active agents such as salts of
alkylsulfate and alkylamines and substituted amines injected into the
underlying solution (at constant area of the insoluble monolayer).
The value of T-surface pressures at the air/water interface can reach
values of more than 60 dynes/cm (although the collapse m-pressure
for single component monolayers on their own are below 35 dynes/cm).
If the surface pressure is held constant, or below the 60 dynes/cm
but above the 35 dynes/cm, immediate expansion of the interfacial
area takes place as the molecules of ionic surfactant penetrate the
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monolayer at the air/water interface. The analogous penetration of
the mixed film by oil molecules at the oil/water interface increasing
the surface area is the basis for the formation of microemulsions.
However, the penetrating pressure in this case must be greater than
the oil/water surface tension y o/w, which is always less than v a/w
tension of 72 dynes/cm, which is approximately 50 dynes/em for hy-
drocarbon and 35 dynes/em for aromatic hydrocarbon compounds.

Therefore, it is progressively easier to obtain negative inter-

. facial tensions for these systems, provided that the oil molecules can
 penetrate the interfacial film. Rosano et al. measured the change in
the water-oil interfacial tension while alcohol was injected into one of
the phases. It was found that the interfacial tension may be tem-
porarily lowered to zero while the alcohol diffused through the inter-
face and redistributed itself between the water and oil phases. It
would therefore be possible for a dispersion to occur spontaneously
(while vj = 0). It is then possible for the interfacial tension of a
system to drop to zero for a certain period of time due to redistribu-
tion of amphiphatic molecules while the equilibrium y; remains positive.
A sufficiently low positive value of vj is always better for emulsion
(macro- or microemulsion) formation; nevertheless, below a certain
positive small equilibrium value of yj phase separation, sol or gel
formation will be produced but not emulsification.

Finally, stability, in turn, is not deperident on the value of the
interfacial tension, but on the structure of the interfacial film sur-
rounding the individual droplet. Therefore, low interfacial tension
appears to be required for stability to occur at any degree. This
finding is similar to observations of Shinoda and Saito, who first
suggested forming their emulsification process using nonionic surfac-
tants at the phase inversion temperature (PIT) where minimal inter-
facial tension is reached and then lowering it for further stability.
At the PIT, yj is minimum favor to o/w interfacial area formation.

In Rosano's et al. work on microemulsification, the same concept seems
to apply: low interfacial tension is initially produced to lower the
initial work requirement but through transfer and redistribution at
the interface. Eventually the interfacial tension increases while the
o/w interface curls and droplets are formed, allowing a barrier to
form at the interface and preventing coalescence. This observaticn
was also described mathematically by Defay and Sanfeld.

In order to obtain spontaneous microemulsion formation, the selec-
tion of the primary surfactant and cosurfactant and the right proceduyre
capable of favoring redistribution between phases is important. Rosano
et al. have stressed that the spontaneous formation of these dispersed
swollen micelles is not dependent on simple thermodynamic stability,
but rather—at least in part—on the occurrence of kinetic conditions
favorable to the dispersion of the dispersed phase into the o/w
system.,



xviti Introduction

Essentially, the pioneering work of Schulman and later, his
students, was to correlate chemical structure of the various com-
ponents in the microemulsion system to their spontaneous forma-
tion. As was mentioned above, the use of the word "microemulsion"
has been disputed and other labels have been preferred: trans-
parent emulsion micellar emulsion, micellar solution, swollen micellar
solution. Those who prefer to use micellar solution or swollen mi-
cellar solution consider the fact that systems of the same kind are
made of one surfactant with double chain (sodium dioctylsulfosuccin-
ate-Aerosol OT). It is possible to obtain a microemulsion-type system
by either incorporating a hydrocarbon into the aqueous micellar
solution or putting water into an organic solution containing the
surfactant (inverse micelles). For these authors, microemulsion
formation must be considered a micellization or micellar solubilization
process of a macroemulsion when a selected cosurfactant is added.
Winsor has described and studied monophasic media composed of
water/organic salt/additives/hydrocarbon. He has described these
systems as "solubilized.” On the other hand, Friberg et al. and
several others have, from the analysis of phase diagrams, under-
scored the fact that systems studied by Schulman (water/surfactant/
cosurfactant/oil) evolve from ternary monophasic solutions (water/
ionic surfactant/alcohol).

In the firal analysis, there is no real opposition to the concept
of microemulsion versus swollen micellar solution. It seems that the
word "microemulsjon" is used more often to describe any multicompon-
ent fluids made of water (or a saline solution), & hydrophobic liguid (oil),
and one or several surfactanys, these systems being stable, with a
low viscosity, transparent, and isotropic. On the one hand, from
an application point of view, "spontaneous"” formation of these sys-
tems (high energy drinks, Og-carrier, imaging solutions, inks,
household and personal care products, and so on) remains an im-
portant characteristic. On the other hand, from a purely scientific
point of view a so-called microemulsion fluid may exist as one phase
of mutual solubilization of all the components. It may also constitute
one phase of a polyphasic system. The other phases can either be
water or organic phases in excess (Winsor systems), or mesophases
(lytropic liquid crystals). With certain polyphasic systems, two
such phases may be of the microemulsion type. It should be noted
that the word "microemulsion" has been used to describe media with
no strong amphiphile (waterless microemulsions) and also media
where formamide or glycero! were used instead of water. The lack
of discrimination in the use of a precise definition of the word
"microemulsion” may be unacceptable to some but it has not prevent-
ed people from investigating these systems. We must be grateful
to the late Jack H. Schulman for offering such a catchy word to his
tolleagues. Maybe the ambiguity of this word, which is easy to
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remember, has helped to awaken the scientific and industrial world
to consider the fundamental and practical applications of these sys-
tems. To be sure, the word has helped to some degree to stimulate
research on these systems, and it is hoped that this book will en-
courage more.

On June 20, 1967, the announcement of the tragic death of
Jack H, Schulman, Professor at Columbia University, came
as a great shock to his many friends and colleagues. We in the
field of colloid and interface science hold him in high esteem for
his impressive record of important achievements. It is fitting
for us to dedicate this book to his memory.

Henri L. Rosano
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