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ABSTRACT: One of the most important tools in enhanced oil recovery (EOR) is microemulsion flooding to recover residual oil
trapped in the reservoir after water flooding. The solubilization and phase equilibria of oil�water microemulsion have been studied
with special attention on the role of alkane carbon number (ACN) of hydrocarbon, surfactant, and cosurfactant concentration on the
formation of microemulsion. The ability of anionic and cationic microemulsion systems to solubilize alcohol has been investigated
for different hydrocarbons. The effect of additives (NaCl salt with different concentrations) on electrical conductivity was studied by
dropwise addition of brine in different concentrations to justify percolation of the microemulsion systems. The temperature effect
on conductivity of microemulsions was also studied. Different aliphatic hydrocarbons (C6 to C12) and aromatic hydrocarbons such
as benzene and toluene were used as synthetic oils. For the preparation of microemulsions, propan-2-ol and 3-methyl-1-butanol
were selected as cosurfactants. The dependence of concentrations of the cosurfactant and surfactant on the boundary phase
separation was also investigated.

’ INTRODUCTION

Microemulsion in enhanced oil recovery (EOR) is an efficient
tool because of its high level of extraction efficiency.1The formation
and stability of a microemulsion are driven by a very low water�oil
interfacial tension to compensate for the large increase in the
dispersion entropy.2 In this process, a microemulsion containing
surfactant, alcohol, oil, and brine is used as injection fluid. The
interfacial tension between the microemulsion and the reservoir oil
or brine is as low as 10�3 mN 3m

�1 or less, which increases the
displacement efficiency.3 Under suitable conditions, a microemul-
sion slug is miscible with both oil and brine.4 However, depending
on the salinity, the microemulsion slug may partitions into three
phases, namely, a surfactant rich middle phase microemulsion,
surfactant lean brine, and oil phase.5,6 Complete studies on phase
behavior, interfacial tension, rheological properties, and solubiliza-
tion are the primary determinants of the potential success of a
microemulsion flooding for EOR.

In the past several years, it has been shown that the phase
behavior of a surfactant-oil�brine/water system is of immense
importance in the interpretation and forecasting the scopes of
applications in the field of EOR.7 Microemulsion flooding has
been gaining its importance in the various projects on EOR
because of the ability of microemulsion to solubilize oil and water
simultaneously which in turn reduces the interfacial tensions
between oil and water significantly.8 In this connection, the phase
behavior of oil�water�surfactant�cosurfactant systems plays an
important role in the subject of intensive studies.9�12 At present,
it is common that the formulation of surfactant-brine-oil systems
that exhibit desirable phase behavior is an important stage in
optimizing performance of microemulsion systems for EOR.13,14

Microemulsions are transparent and translucent homogeneous
mixtures of hydrocarbons and water with large amounts of
surfactants.15,16 Alkanols (medium chain alcohols) are generally
used as cosurfactants for the preparation of microemulsions. The
solubility of alkanols inwater depends on the alcohol chain length.

Short chain alcohols such as methanol, ethanol, and propanol are
able to undergomiscibility process with water. On the other hand,
long chain alcohols (from butanol) show a lower solubility in
water. Microemulsions actually contain a cosurfactant such as a
medium chain alcohol (viz., propan-2-ol, butanol, 3-methyl-1-
butanol, etc.) in combination with a primary surfactant.17,18 The
water solubilization capacity of microemulsions decreases with
increasing chain length of the alkane, and it decreases with the
increase of temperature. The water solubilization capacity and
phase equilibria of microemulsion systems are determined by two
phenomenological parameters such as the spontaneous curvature
and the elasticity of the interfacial film.19 The addition of
electrolytes can enhance the water solubilization capacity of
microemulsions, and the solubilization limit reaches to a max-
imum by changing the electrolytes.20,21 The measurement of
electrical conductivity of ionic microemulsions has become a
standard technique for percolation study.22�24 In ionic micro-
emulsions the formation of a system-spanning (or “infinite”)
cluster can be noticed by a sharp increase of the conductivity. The
increase in conductivity of the microemulsion system is due to
“Stoke Process” in which the hopping of charged surfactants from
one droplet of cluster to another takes place.25 When middle-
phase microemulsions equilibrate with excess water and oil phase,
then the maximum solubilization power of mixed surfactant is
obtained.7,26,27 In the case of middle-phase microemulsions
(three-phase system), ultralow interfacial tensions are attained,
and microemulsions are changed from Winsor type I to Winsor
type II through Winsor type III phase behavior.7,28 In general the
middle-phase microemulsion system has a bicontinuous structure
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made by an equal mixture of water-in-oil and oil-in-water type
microemulsions.15,16 Glover et al.29 demonstrated that the dis-
torted phase boundaries are formed with the variation of alcohol
concentration when the concentration of total surfactant is varied
and because of the direction that the phase boundaries twist or
deform is totally controlled by the nature of the alcohol used.

In the present study, experiments have been carried out to
verify and illustrate the proposed theory of chain length compat-
ibility of oil and interfacial film phenomena. The solubilization
behavior is discussed in terms of partitioning of alcohol among
oil, water, and the interface depending upon the nature of alcohol
and chain length of hydrocarbon, as well as in terms of molecular
packing at the interface in relation to the disorder produced by
the chain length compatibility effects. The ability of anionic and
cationic microemulsion systems to solubilize alcohol was inves-
tigated for different hydrocarbons. The influence of the hydro-
carbon chain length on the molecular structure of the water�oil
microemulsions was also discussed. Moreover, the solubilization
of water in microemulsions was studied in detail as a function of
alkane carbon number (ACN) of hydrocarbon as well as
cosurfactants. The effect of alcohol concentration and nature
of alcohol on the phase boundaries has been studied. Besides, the
effect of salinity in the formation of microemulsions was also
discussed. Along with these, the effect of salt concentration on
electrical conductivity was studied by dropwise addition of brine
in different concentrations to justify percolation of the micro-
emulsion systems. The temperature effect on conductivity of
microemulsions was also studied.

’EXPERIMENTAL SECTION

Materials. Sodium dodecyl sulfate (SDS) (0.96 mole fraction)
procured from Fisher Scientific, India and cetyl trimethylammo-
nium bromide (CTAB) of mole fraction purity 0.98 procured
from Merck, India were used as anionic and cationic surfactants
in the present study. Different alkanes and aromatic compounds
were used as synthetic oils. Two lower alkanes, namely, hexane
(0.98 mole fraction) and heptane (0.98 mole fraction), were
purchased fromLobaChemie Pvt. Ltd., India. Other alkanes such
as octane, decane, and dodecane with a mole fraction purity
0.99 each were analytical reagent grade products of Otto-Kemi
Pvt. Ltd., India. The aromatic compounds benzene and toluene
(0.98 mole fraction) were purchased from Nice Chemical Pvt.
Ltd., India. 3-Methyl-1-butanol and propan-2-ol with 0.98 mole
fraction each (CDH Pvt. Ltd., India) were used as the cosurfac-
tant. Sodium chloride (NaCl) (0.98 mole fraction), procured
from Qualigens Fine Chemicals, India, was used for brine.
Reverse osmosis water from Millipore water system (Millipore
SA, 67120 Molshein, France) was used for the preparation of
solutions.
Methods. Conductivity Measurements. For the preparation of

microemulsions, oil (5 3 10
�3 kg heptane) was added in the

mixture SDS (0.5 3 10
�3 kg) and propan-2-ol (2 3 10

�3 kg),
followed by the addition of brine with different concentrations
at 298 K until just turbid or phase separation takes place. The
conductivity of microemulsion was measured by using a digital
conductometer (Biocraft Scientific Systems (P) Ltd.; model no.
CEI-13). In all cases measurements were made after homoge-
neous mixing by magnetic stirrer. The conductivity of the
selected microemulsions was measured as a function of weight
fraction of water. The error limit of conductance measurements
was ( 1 %.

Measurement of Alcohol Solubilization Capacity. Typical
microemulsions were made by mixing 0.8 3 10

�3 kg surfactant
(SDS or CTAB separately), desired amount of alcohol (3-methyl-
1-butanol), oil (different hydrocarbons), and water. The mixture
obtained was clear and transparent. After reaching equilibrium
(room temperature, 298 K), alcohol solubilization capacity was
measured by further addition of alcohol until a turbid, cloudy
solution results.
Measurement of Water Solubilization Capacity. The solubi-

lization of water in the microemulsion region was determined by
a conventional titration method of microemulsion with brine or
water under satisfied conditions until the opaqueness of the
microemulsions was obtained. Here the opaqueness is especially
defined as the turbid, densed milky appearance of that system
through which nothing can be seen. For different cases a different
colored translucent mixture was not considered the required
opaqueness of the system. However, the end point of the titration
was considered the actual transition point of the clear, transpar-
ent, and isotropic microemulsions to a birefringent phase where
the boundary was determined as the onset of the cloudiness due
to a lack of a strong turbidity. For the determination of the effect
of surfactant concentration on the solubilization of water in
microemulsion, a different amount of surfactant was added in the
microemulsion systems and then titrated with water until the
turbidity appeared. In all cases, more than three successive
measurements were carried out, and the standard deviation did
not exceed ( 0.1 3 10

�3 kg. All of the experiments were per-
formed at 298 K.
Phase Behavior. During the water solubilization study, the

phase behavior of the system SDS/propan-2-ol/hydrocarbons/
water or brine was investigated as function of ACN, amount of
propan-2-ol, and salinity. For the determination of phase bound-
aries, a mixture of SDS/hydrocarbons/propan-2-ol system was
titrated with water and brine for different studies. Phase behavior
of different systems were drawn by visual observation of phase
changes and corresponding readings.

’RESULTS AND DISCUSSION

Conductivity Behavior of Microemulsion Systems. The
structure of oil�water microemulsion can be characterized by
conductivity measurements (Liu et al., 1998). The conductivity
of a microemulsion is a strong function of its water content, salt
concentration, molar ratio of water to surfactant (W), and
temperature. Figure 1 shows the variation of conductivity as a
function of W for different systems with varying NaCl concen-
tration. The conductivity behavior of surfactant-rich microemul-
sion is due to the presence of Naþ ions released from SDS. In all
cases, conductivity increases with an increase in molar ratio of
water to surfactant. The rate of increase is vary fast up to a certain
values ofW and then varies asymtodically on further increase of
W with constant SDS in the solution. This is due to the fact that
when water content increases there would exist a more open
structure, which could cause less hindrance to the mobility of the
Naþ ions. At higher W when practically there is no hindrance the
conductivity remains almost constant. NaCl is a strong electro-
lyte, which can contribute conductivity in its aqueous solution. It
may also be found from the figure that conductivity increases
with an increase in concentration of NaCl in the microemulsion
as expected. The conductance changes due to interdroplet
interaction leading to the transfer of the charge carriers from
one droplet to another. However, it has been found that the



4424 dx.doi.org/10.1021/je200291v |J. Chem. Eng. Data 2011, 56, 4422–4429

Journal of Chemical & Engineering Data ARTICLE

relative changes in conductivity gradually decreases with increase
in NaCl concentration. This phenomenon is due to the fact that
NaCl diminishes the effective polar area of SDS and decreases the
attraction between the droplets, which leads to the very small
increase in conductance of the systems.30�32

Effect of Temperature on Conductivity of Microemulsion
Systems. The influence of temperature on the conductivity of
microemulsion systems at different salinity is plotted in Figure 2.
The conductivity of water/oil microemulsions was found to

increase with the increase in temperature of the system. The
interaction of microemulsion droplets during the percolation33�36

process is sometimes very specifically described by the “transient
fusion-mass transfer-fission” process.37�39 During the percolation
process Naþ ions transfer through the interfacial membrane. The
activation energy associated with this process may be the sum of
energies required for the mass transfer of Naþ ions and that
required for separating the droplets in the “transient fusion-mass
transfer-fission” process. Its value can be estimated by using
Einstein's law and self-diffusion coefficient (D).37,40 So using the
Einstein's law and self-diffusion coefficient, we get the following
relationships:

k ¼ neμ ¼ ne2D=kBT ð1Þ

D ¼ 4l2kBT=h expð�E=RTÞ ð2Þ
where k is the conductivity (S 3m

�1); n is the number of the charge
carriers per unit volume (m�3); e is the elementary charge or
electronic charge (C); μ is the mobility (m2

3V
�1

3 s
�1); D is the

self-diffusion coefficient (m2
3 s
�1); l is the thickness of the surfactant

monolayer (m); T is the temperature (K); kB is the Boltzmann
constant (J 3K

�1); E is the activation energy (J 3mol
�1);

R is the gas constant (J 3K
�1

3mol
�1); and h is the Planck's constant

(J 3 s). The combination of eqs 1 and 2 yields

k ¼ 4ne2l2=h expð � E=RTÞ ð3Þ

k ¼ A expð � E=RTÞ ð4Þ
whereA = 4ne2l2/h. Equation 4 seems to be the Arrhenius equation.
Now eq 4 can be written as:

ln k ¼ ln A� E=RT ð5Þ
The activation energies can be estimated by plotting ln k vs 1/T and
are listed in Table 1.
From Table 1 it is observed that the estimated activation

energies of the systems do not follow any general trends. This can
be described on the basis of optimum salinity. The optimum
salinity decreases with increasing temperature, due to lower
hydrophilicity of surfactant system, until an equilibrium value
is reached.41 It is very common that at optimum salinity an equal
volume of oil and water undergo solubilization. So solubilization
of both oil and water does not take place at higher salinity equally.
That is why activation energy is high at a particular salinity;
rather, it does not obey the increasing salinity trend.
Alcohol Solubilization. The presence of alcohol and surfa-

ctant at the interface influence the solubilization behavior of

Figure 1. Dependence of conductivity (k/S 3m
�1) on the molar ratio of

water to surfactant (W) inmicroemulsion systems containing 5 3 10
�3 kg

of heptane, 0.5 3 10
�3 kg of SDS, and 2 3 10

�3 kg of propan-2-ol. Symbols:
9, 0.0 mass fraction of NaCl; b, 0.005 mass fraction of NaCl; 2,
0.01mass fraction ofNaCl;1, 0.015mass fraction of NaCl;[, 0.02mass
fraction of NaCl; left-pointing triangle, 0.025 mass fraction of NaCl;
right-pointing triangle, 0.03 mass fraction of NaCl.

Figure 2. Effect of temperature (T/K) on conductivity (k/S 3m
�1) of

microemulsion systems containing 5 3 10
�3 kg of heptane, 0.5 3 10

�3 kg
of SDS, and 2 3 10

�3 kg of propan-2-ol. Symbols: 9, 0.0 mass fraction of
NaCl;b, 0.005 mass fraction of NaCl;2, 0.01 mass fraction of NaCl;1,
0.015mass fraction of NaCl;[, 0.02mass fraction of NaCl; left-pointing
triangle, 0.025 mass fraction of NaCl; right-pointing triangle, 0.03 mass
fraction of NaCl.

Table 1. Activation Energy (E/kJ 3mol�1) and Correction
Factor (r) Determined from the Arrhenius Type Equation
(eq 4) by Plotting ln k vs 1/T for the SDS Microemulsion
Systems at Different Mass Fractions of NaCl (Mf)

Mf E/kJ 3mol�1 r

0.0 13.172 0.987

0.005 13.689 0.986

0.01 14.182 0.998

0.015 15.427 0.998

0.02 14.825 0.999

0.025 13.668 0.996

0.03 11.821 0.997
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microemulsions significantly. The higher the amount of surfac-
tant and alcohol at the interface, the higher the solubilization
capacity of microemulsion.42 The solubilization of alcohol (3-
methyl-1-butanol) was studied by the titration method for
different hydrocarbon�water�SDS and hydrocarbon�water�
CTAB systems separately. The weight ratio of alcohol
(cosurfactant) to surfactant and oil to surfactant for the forma-
tion of microemulsion have been plotted in Figures 3 and 4 for
two different surfactants, respectively. The data for a particular
system are fitted in a straight line. The slope of the line represents
the number of mole of alcohol per mole of oil in the continuous
phase. The amount of alcohol required for the formation of
microemulsion increases with the increase in chain length of

hydrocarbons. On the other hand, the intercept which represents
the molar ratio of alcohol to surfactant at the interface43

increased as the oil chain length increased. The values of slope
(m) and intercept (c) were calculated and shown in Table 2. The
values of slope and intercept for SDS-based microemulsion
system are higher than those of CTAB because of higher
hydrophobicity of CTAB with higher chain length.
Water Solubilization and Phase Behavior Study. Effect of

Alkane Carbon Number (ACN) of Oil.The solubilization of water in
oil�water microemulsions depends upon oil chain length or ACN
of oil. The effects of ACN on the water solubilization
in SDS-based microemulsion systems have been shown for
two different systems with different alcohol concentrations in
Figure 5. When 4 3 10

�3 kg of alcohol was used as cosurfactant,
the amount of water solubilized in the microemulsions increases
with increasing ACN of oils up to octane and then decreases upon
further increasing the oil chain length. But when 2 3 10

�3 kg of
alcohol was used as the cosurfactant, water solubilization increased
up to decane and then decreased for higher chain alkanes. Similar
variations were also observed in other studies with different
surfactants and cosurfactants.42,44 Thus, the phase separation of
microemulsions has been found to be a strong function of oil chain
length. Birefringent liquid crystalline phases44 were observed in
both cases of different alcohol concentration. In case of higher
alcohol concentration, the birefringent phase “b” was observed for

Figure 3. Plot of wt ratio of cosurfactant (3-methyl-1-butanol) to
surfactant (Wcs/Ws) vs wt ratio of oil to surfactant (Wo/Ws) for SDS
microemulsion systems. Symbols:9, hexane;b, heptane;2, decane;1,
dodecane.

Figure 4. Plot of wt. ratio of cosurfactant (3-methyl-1-butanol) to
surfactant (Wcs/Ws) vs wt ratio of oil to surfactant (Wo/Ws) for CTAB
microemulsion systems. Symbols:9, hexane;b, heptane;2, decane;1,
dodecane.

Table 2. Values of Slopes (for SDS, ms and for CTAB, mc),
Intercepts (for SDS, cs and for CTAB, cc), and Correction
Factors (for SDS, rs and for CTAB, rc) in Microemulsion
Systems with Different Hydrocarbons (HC) (Hexane, C6;
Heptane, C7; Decane, C10; Dodecane, C12)

HC ms cs rs mc cc rc

C6 0.378 5.632 0.997 0.203 2.143 0.997

C7 0.445 5.812 0.999 0.232 2.327 0.984

C10 0.462 5.969 0.997 0.263 2.497 0.998

C12 0.464 6.199 0.996 0.326 2.530 0.985

Figure 5. Solubilization of the amount of water (Ww/kg) as a function
of ACN of oil in the microemulsion. Symbols: 9, containing 5 3 10

�3 kg
of oil, 0.7 3 10

�3 kg of SDS, and 4 3 10
�3 kg of propan-2-ol;b, containing

5 3 10
�3 kg of oil, 0.7 3 10

�3 kg of SDS, and 2 3 10
�3 kg of propan-2-ol.
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oils with chain length up to octane. Beyond the C8 hydrocarbon,
theWinsor type-II phasewas obtained and designated as “eo” in the
figure, whereas in case of lower alcohol concentration, the bi-
refringent liquid crystalline phases were observed up to dodecane.
The decrease in water solubilization in microemulsions with
increasing ACN of oil after a critical chain length of hydrocarbon
is due to the enhanced interdroplet attraction.45�47 Water solubi-
lization in microemulsions regarding the chain length compatibility
can be considered a result of counterbalanced effects of interdroplet
interactions and intradroplet interactions.48

Effect of Cosurfactant Concentration. Cosurfactants play a
significant role on solubilization of water in microemulsions by
promoting the interfacial fluidity. The water solubilization as a
function of propan-2-ol concentration for two different systems
have been shown in Figure 6 and 7, respectively. The solubilization
curves pass through a maxima for all hydrocarbons, though the
maxima is more prominent for octane and dodecane due to the
chain length compatibility effect.42 For aliphatic hydrocarbons, the
solubilization of water increases with increasing alcohol concentra-
tion up to a certain limit showing the birefringent phase “b”. This is
due to increased concentration of alcohol, which can increase the
alcohol partitioning at the interface that leads to the enhanced
interfacial area for the solubilization of water. At sufficiently high
concentrations, the fluidity of the interface increases49,50 to the
extent that attractive interdroplet interaction starts dominating the
system, and hence the solubilization of water decreases. For high
concentrations of alcohol, a gel-like state of microemulsion “g” was
observed for aliphatic hydrocarbons. From Figure 7, it is clear that
aromatic hydrocarbons (benzene and toluene) do not exhibit
birefringent phase at any concentration of alcohol; rather, the
end point shows a gel-like state of microemulsion “g” as shown in
the figure. This probably due to the fact that aromatic hydrocarbon
has an electron cloud around the nucleus, and hence the alcohol
does not penetrate into the interfacial film effectively. Water�oil
microemulsions consisting of aromatic hydrocarbons generally
show less tendency of water solubilization than that of aliphatic
hydrocarbons.51�53 It has also been found that water solubilization

for both the systems pass through a maxima aroundWcs/Ws equals
40. The maximum water solubilization for benzene is greater than
toluene. It was early stated that the water solubilization of nonpolar
alkanes microemulsion is larger than polar aromatic hydrocarbon.
Since benzene is considered to be nonpolar (dipole moment = 0
Cm) and toluene is polar (dipole moment = 0.4 Cm), then
maximum water solubilization for benzene is higher than toluene
at any concentration of cosurfactant.
Effect of Surfactant Concentration on Solubilization of Water.

The dependency of water solubilization in microemulsion on
surfactant concentrationhas been shown inFigure 8 for twodifferent
weight percentages of cosurfactant in the system. From the figure it
has been found that solubilization of water inmicroemulsion steadily
increases with increase in concentration of surfactant. Water solubi-
lization is also enhanced with higher cosurfactant concentration
because of increasing interfacial fluidity. The plots can provide the
information about solubilization efficiency from the slope and the
amount of surfactant not partitioning at the interface from the
intercept on the surfactant concentration axis.54�56

Effect of Salinity on Solubilization of Water in Water�Oil
Microemulsion. Water solubilization in microemulsions also de-
pends on salinity of the system. Typical plots of water solubilization
as a function ofNaClmass fraction in themicroemulsions consisting
heptane and SDS along with propan-2-ol and 3-methyl-1-butanol
are shown in Figure 9. In case of propan-2-ol maximum brine
solubilization was observed at NaCl mass fraction of 0.015, whereas
for the 3-methyl-1-butanol it was 0.01. These salinities are generally
referred as “optimal salinity” for microemulsion systems.57 So
optimal salinity for microemulsion systems containing alcohol
increases as alcohol chain length decreases. At optimum salinity
the middle-phase microemulsion has the ability to solubilize equal
amounts of oil and brine.5,58 After optimum salinity the water
solubilization decreases with the increase in concentration of brine.
As salinity increases, themicroemulsion phase changes fromWinsor
type-I (designated as “eo”) to Winsor type-II (designated as “ew”).
These phenomena can be illustrated on the basis of attractive

Figure 6. Solubilization of an amount of water (Ww/kg) as a function of
propan-2-ol concentration (Wcs/Ws) in themicroemulsion consisting of
0.8 3 10

�3 kg. SDS, 8 3 10
�3 kg oil (hexane, heptane, octane, and

dodecane separately) and propan-2-ol. Symbols:9, hexane;b, heptane;
2, octane; 1, dodecane.

Figure 7. Solubilization of amount of water (Ww/kg) as a function of
propan-2-ol concentration (Wcs/Ws) in themicroemulsion. Symbols:9,
consisting of 0.2 3 10

�3 of kg SDS, 8 3 10
�3 kg of benzene and propan-

2-ol; b, consisting of 0.2 3 10
�3 kg of SDS, 8 3 10

�3 kg of toluene and
propan-2-ol.
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interdroplet interaction and interfacial bending stress. The decreas-
ing solubilization of brine with increasing salinity caused by an
increase in interfacial rigidity. At the low salinity region alcohol can
partition at the interface so the solubilization of brine was large.

’CONCLUSIONS

The structure of oil�water microemulsion has been character-
ized by conductivity measurements. The conductivity of a micro-
emulsion was found to be a strong function of its water content,
salt concentration, molar ratio of water to surfactant, and tem-
perature. The presence of alcohol and surfactant at the interface

influence the solubilization behavior of microemulsions. The
amount of alcohol required for formation of microemulsion
increases with an increase in chain length of hydrocarbons. Water
solubilization in microemulsion depends upon oil chain length.
The phase behavior studies show that a birefringent liquid
crystalline phase boundary up to a certain chain length of
hydrocarbon which subsequently forms a Winsor type-II phase
for a higher hydrocarbon chain. The presence of alcohol as
cosurfactant plays a significant role on water solubilization in
microemulsion for aliphatic and aromatic hydrocarbons. With the
increase in alcohol concentration the phase boundary passes
through birefringent phase to a gel-like microemulsion for
aliphatic hydrocarbons. Surprisingly the aromatic hydrocarbon
shows only a phase boundary for gel-like microemulsion without
any birefringent phase. The solubilization of water in microemul-
sion was found to increase steadily with the increase in concen-
tration of surfactant. The water solubilization shows amaxima at a
particular salinity known as “optimum salinity”. At optimal salinity
themiddle-phasemicroemulsion has the ability to solubilize equal
amounts of oil and brine.
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