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Abstract—In this study, nano-emulsions were prepared by phase inversion temperature within the system
liquid paraffin /Span80-Tween80/—water and also the effect of NaCl concentrations on phase inversion
temperature (PIT) system and droplet sizes of liquid paraffin were studied. The changes in electrical
conductivity with temperature for emulsions with 10 wt % liquid paraffin, 12 wt % surfactant mixture of
Span80 and Tween80 and 0.01 to 0.5 M NaCl aqueous solution were measured by conductivity meter, and
middle temperature within the range of extra reduction in conductivity as PIT in each case was considered. The
results show that, with increasing concentration of NaCl from 0.01 to 0.5 M, PIT decreased logarithmically
from 62 to 53°C, and also the mean droplet size of paraffin increased from 21.1 to 30.3 nm respectively.

Nano-emulsions also are transparent.
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INTRODUCTION
Nano-emulsions are transparent or semi-
transparent systems which, approximately, cover

droplet size of 50 to 200 nm [1, 2]. They also mentioned
as mini-emulsion nano-emulsion [3, 4]. Nano-
emulsions are kinetically stable. Despite of this fact,
long-term physical stability of nano-emulsions (without
aggregation or coagulation) has made them unique and
sometimes as near to thermodynamic stability, may
be attributed to them. Three methods is also wont to
produce nano-emulsions, employing a high-pressure
homogenizer (with appropriate selection of surfactants
and co-surfactants), using low-energy emulsification at
a constant temperature or the applying of the principle
of phase inversion temperature (PIT)[5, 6].

The phase inversion temperature method (PIT) is
particularly interesting because it’s a low energy method
and without organic solvent. The last two experimental
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conditions essentially for application within the field of
nanomedicine, cosmetics and pharmaceutical sciences,
drug encapsulation to prevent damage during the pro-
cess are appropriate. As an example, because the pro-
cess is comparatively simple and low energy consump-
tion may be easily performed on an industrial scale. The
PIT method is provided by Shinoda and Saito. Using
the special ability of surfactants, usually nonionic (NS)
like polyethoxylated surfactants, by modifying the ten-
dency for water and oil as a function of temperature, they
undergo phase inversion. Furthermore, it is called transi-
tive emulsion phase inversion that it happens within the
fixed combination when the surfactant relative tendency
changes for the varied phases due to temperature grad-
ual modification. As an example, when the temperature
rises, oil in water emulsion (O/W) are going to be ex-
posed to the phase inversion during which water-in-oil
(W/O) emulsion are going to be produced. Within the
transition zone between macro-emulsions, namely for
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temperatures that non-ionic surfactants show an identi-
cal tendency for two mixture phase, the ternary system
represented a really low surface tension and curvature;
for example, micro-emulsions produce bicontinuous
and nano-scale systems [7]. Thus, the PIT method in-
volves the sudden separation of microemulsion bicon-
tinuous within the PIT by cooling rapidly [8—10] or by
sudden diluting in water or oil [11-14] that the nano-
emulsions are immediately produced [15]. The nano-
emulsion is attracted for applying in various industrial
fields, for instance, for polymerization reaction me-
dium, personal health and cosmetics, health, and ag-
ricultural chemicals, as a result of following reasons:
firstly, a really small droplet sizes cause much lower
weight and influence of Brownian forces may prevent
any coagulation or sedimentation of the droplets. Sec-
ondly, dimensions tiny droplets and high kinetic stabil-
ity make nano-emulsion suitable for effective delivery
of the active agents (due to high surface area) and pen-
etrating the skin uneven tissue [16]. In contrast with
the micro-emulsions which for their production need
the high surfactant concentration (usually within the
range of 10-30 wt %), nano-emulsions may be made
at the typical surfactant concentration (in weight range
of 4-8%) [8].

MATERIALS AND METHODS

Material. Span 80 and Tween 80 surfactants, liquid
paraffin (extra pure), NaCl (purity 99.999%) were
obtained from the German Merck company. Double
distilled water was used for the preparation of NaCl
aqueous solutions.

Determination of phase inversion temperature.
Phase inversion temperature was determined through
the electrical conductivity method [6, 9, 17, 18] by
the conductivity meter Elementor-CP501 model. The
emulsion contains 10 wt % paraffin, 12 wt % surfactant
mixture of Span80 (0.44) and Tween80 (0.56) [19], and
aqueous solutions of 0.01-0.5 M NaCl were prepared
at the laboratory temperature. Emulsions were heated
gradually and so the conduction was measured as
a function of temperature. The center temperature
within the range of sharp reduction in conductivity was
designated as a phase inversion temperature of O/W to
W/O emulsion.

Emulsification by phase inversion temperature
method. Oil-in-water nano-emulsions were produced
within the way that the oil phase including Span80
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Fig. 1. (Color online) Conductivity as a function of temperature
in the nano-emulsions with different concentrations of NaCl
solution within the aqueous phase.

and Tween80 surfactants mixture, liquid paraffin, and
solution of 0.01-0.5 M NaCl were heated separately to
15°C above PIT; then, at the mentioned temperature, the
aqueous phase was poured into the oil phase and also
the mixture was taken out of the heating source and
was cooled to the equivalent PIT temperature within the
environmental conditions by a manual mixer [6, 17, 18,
20]. Consequently, the sample was cooled through the
ice bath with a manual mixer. Eventually, the transparent
nano-emulsions were obtained.

Determination of droplets size and distribution
index of the nanoemulsions particle. Brookhaven in-
strument Co. (win32) was applied to measure droplets
size and polydispersity index (PDI) of the nano-emul-
sions. This instrument works based on dynamic light
scattering (DLS). Input laser light with a wavelength of
657 nm and at an angle of 90° is employed. The tests
were administered at 25°C and also the samples were
diluted 20 folded by deionized water.

RESULTS AND DISCUSSION

Effect of NaCl concentration on the phase
inversion temperature of nanoemulsions. The phase
inversion temperature within the emulsions, including
10 wt % paraffin, 12 wt % surfactants mixture Span80
and Tween80, and the solutions of 0.01 to 0.5 M NaCl
was measured employing a conductivity meter. The
graph of conduction vs. temperature is shown in Fig. 1.
According to graphs, the mean temperature within the
range of conduction sharp reducing has been considered
as PIT of that emulsion (Table 1). It’s observed that
by a rise in NaCl concentration within the aqueous
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Fig. 2. PIT nano-emulsions as a function of the logarithm of
NaCl concentration within the aqueous phase.
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phase from 0.01 to 0.5 molar, nano-emulsion PIT
reduces from 62 to 53°C.

The PIT nano-emulsions as a function of the
logarithm of concentration NaCl within the aqueous
phase are plotted in Fig. 2.

As it can seen, the changes are linear, the equation
and the square correlation coefficient will be as
follows:

PIT = 2.1784 In Cyye + 51.379, R2 = 0.9625.

Measurements of droplet sizes of nano-emulsions
with different concentrations of NaCl within the
aqueous phase. The droplet size and PDI of nano-
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Fig. 3. Mean droplet size distribution vs. number of nano-emulsion for emulsions with different concentrations of NaCl solution within
the aqueous phase, M: (a) 0.01, (b) 0.05, (c) 0.1, (d) 0.25 M, and (e) 0.5.
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Table 1. The PIT nano-emulsions with different concentrations
of NaCl within the aqueous phase

Concentrations of NaCl, M In Cy,er | PIT, °C
0.01 —4.61 62
0.05 -3.00 57
0.10 -2.30 56
0.25 -1.39 55
0.50 —0.69 53

Table 2. The droplet size of nano-emulsions with different
concentrations of NaCl solution within the aqueous phase

NaCl concentration, M | Mean droplet sizes, nm | PDI
0.01 21.1 0.282
0.05 26.4 0.298
0.1 242 0.293
0.25 29.0 0.270
0.5 30.3 0.277

emulsions containing 10 wt % paraffin, 12 wt %
surfactants mixture Span80 and Tween80, and the 0.01
to 0.5 M NaCl solutions were measured by Brookhaven
instrument Co. (win32) at 25°C. The results are given in
Table 2 and Fig. 3.

As can be seen according to the results, with in-
creasing concentration of the NaCl solution from 0.01
to 0.5 M, the mean droplet sizes increase from 21.1 to
30.3 nm. Moreover, a rise in NaCl concentration within
the aqueous phase doesn’t have a significant effect on
the PDI of nano-emulsions samples.

CONCLUSIONS

According to the results obtained for emulsions with
10 wt % liquid paraffin, 12 wt % surfactant mixture
of Span80 and Tween80, and the NaCl solution of
different concentrations within the aqueous phase, with
increasing concentration of NaCl from 0.01 to 0.5 M, the
phase inversion temperature nano-emulsions decreased
from 62 to 53°C logarithmically, and therefore the mean
droplet size increased from 21.1 to 30.3 nm respectively,
which suggests negative effects of increasing NaCl
concentrations on the mean droplet size. Also, a rise in
NaCl concentration did not significantly effect on the
PDI of nano-emulsions.
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