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Winsor type | equilibrated surfactant—oil—water (SOW) systems produce o/w emulsions upon stirring.
However, if the surfactant is initially dissolved in the oil phase, the attained type after inmediate
emulsification is usually w/o. If the SOW system is partially equilibrated, it could result in a normal o/w
emulsion, as if it were fully equilibrated. The minimum contact time for that to happen, the so-called
apparent equilibration time tapg, was previously shown (Langmuir 2002, 18, 607) to strongly depend on
formulation, surfactant molecular weight, and oil viscosity. The present report shows that it depends on
alcohol concentration and location in the unequilibrated system.

Introduction

The relationship between the physicochemical formula-
tion and the emulsion type has been known for a cen-
tury as Bancroft's rule and experimentally corroborated
whatever the formulation variable. If the case of com-
plex morphologies is put aside for the sake of sim-
plicity, it can be said that oil-in-water (o/w; respectively
w/0) is associated with Winsor | (respectively Il) phase
behavior, provided that the surfactant—oil—water (SOW)
system is at equilibrium before emulsification takes place
and that the water-to-oil ratio (WOR) is not far from
unity.?

However, if the system is not equilibrated, which is an
important case as far as the applications are concerned,
things can be quite different. Lin® reported a long time
ago that if the surfactant is initially introduced in the oil
phase, the SOW system is likely to produce a w/o emulsion
upon immediate stirring, that is, opposite to the expected
morphology from the corresponding equilibrated system.
This actually resulted in a case of abnormal emulsion, as
reported by many other authors,*~7 but this time out of
equilibrium, as far as the surfactant partitioning is
concerned.

In this case, it can be said that with stirred unequili-
brated SOW systems the external phase of the emulsion
is the one that temporarily contains the surfactant, which
is some kind of transient Bancroft'rule.

During the equilibration, the surfactant transfers from
the oil to the water phase. The question is how long the
unequilibrated SOW system should be left to evolve toward
complete equilibration so that enough surfactant has
transferred in the water phase to produce a normal o/w
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emulsion. The time span after which the emulsion type
is the same as if the SOW system were completely
equilibrated has been called the apparent equilibration
time tape. Thisvalue is quite important in practice because
it is some kind of minimum time the phases have to be
in contact together to attain the expected emulsion in an
industrial process, and it is, thus, directly related with
the cost.

In a previous report,® it was shown that tape strongly
depends on formulation and that it decreases as formula-
tion approaches the boundary between Winsor | and
Winsor 11l phase behavior at equilibrium. In some in-
stances tape Was found to be essentially 0, as if equilibration
had taken place instantly. The apparent equilibration time
tape Was also found to depend on the surfactant molecular
weight and on the oil viscosity. The present paper is
dedicated to the strong effect the presence and location
of alcohol cosurfactant has on tape.

Experimental Procedures

The surfactant is dissolved in the oil phase, although all
studied SOW systems have a physicochemical formulation that
corresponds to a Winsor type | phase behavior at equilibrium.
Hence, the system is originally unequilibrated, because the
surfactant is always introduced in the phase where it will not
be when equilibrium is reached. Alcohol is introduced either in
oil or in water, as indicated. sec-Butanol is selected because it
does not shift the physicochemical formulation, but it tends to
dilute the adsorbed surfactant layer and to speed up transfer
processes.

The physicochemical formulation is changed, either by chang-
ing the salinity of the agueous phase with an anionic sur-
factant system as in the previous paper or by changing the
composition of a mixture of two nonionic surfactants of different
HLB values.

The typical emulsion is prepared according to the following
procedure, which is slightly more simple than the one previously
used.® First, 25 mL of aqueous phase, eventually containing
sodium chloride and alcohol, is introduced in a 250-mL high-
profile beaker. Then, 25 mL of a solution of surfactant dissolved
in oil, eventually containing alcohol, is carefully poured on top
of the aqueous phase. The WOR is unity on a volume basis, and
the overall surfactant contentis 1 wt %. The system is left to rest
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