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Abstract The study and modeling of physical properties such as surface tension and
interfacial tension are important factors in the formation and stability of fluid sys-
tems such as emulsions. The present work shows the experimental results for surface
tension and interfacial tension measurements in water and/or oils systems in the pres-
ence of surfactants, using the pendant drop technique. Distilled water and straight-
chain alkanes such as hexane, dodecane and hexadecane were used. The surfactants
employed were sodium dodecyl sulphate (SDS) and sorbitan monooleate (SPAN 80),
which are hydrophilic and lipophilic surfactants respectively. Some results show the
dependence of surface tension or interfacial tension with respect to the surfactant
concentration, other results were obtained by varying the temperature in a range
from 20 to 60 °C.

1 Introduction

Research in surface physics is of relevance to many scientific areas such as Chem-
ical Engineering, Materials Sciences, Physics, Electronics, among others. Surface
Tension is one of the most widely used thermophysic property for surface character-
ization. Moreover, many industrial applications require (as part of their technological
developments) the surface characterization of water—oil interfaces in the presence of
other additives; this is the case of some processes in the Paint, Agrochemical, Oil
and Cosmetics industries.

Several investigations have been carried out in the field of surface and
interfacial tension of fluid systems. It is worth mentioning the work of Goebel and
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Lunkenheimer (1997), where surface tension between water and a series of n-alkanes
(from pentane to hexadecane) were presented for a single temperature (22 °C). In
Zeppieri et al. (2001), surface tension between water and different alcanes (from
hexane to dodecane) for a range of temperatures between 10 — 60 °C were reported.
In turn, Rolo et al. (2002) reported surface tension for different kind of oils and
binary mixtures of them.

The objective of this work is to analyse the experimental results obtained from
surface tension measurements on different alcanes such as hexane, dodecane and
hexadecane at different temperatures, as well as interfacial tension results between
the aforementioned alcanes and water for different surfactant concentrations. The
main purpose is to provide information that contribute to the study of emulsion type
fluid systems, in particular, the surfactants SDS and Span 80 were selected due to
their wide applicability in emulsions.

2 Methodology

In order to obtain surface and interfacial tension measurements an optical tensiometer
was used. Image analysis of an emerging (pending) droplet was carried out so the
determination of the surface parameters was achieved through the geometry of the
drop and its relationship with surface.

The pendant drop technique allows for the determination of the surface or inter-
facial tension from distinct characteristics of the droplet profile. This calculation
requires the solution of the Young-Laplace equation, which for the case of a pending
drop can be expressed as:

where y is the vertical coordinate, A p is the density difference between both fluid
phases, R is the curvature radius of the drop bottom, H refers to its average curvature
(which is a function of y) (Zeppieri et al. 2009). Figure I shows a sketch of the
experimental setup used to obtain the measurements under controlled temperature
conditions.

Different configurations for the dispersed phase injection may be used depending
on the type of measurement, as shown in Fig. 2. For surface tension measurements a
straight needle was used, while a curved “U” shaped immersed needle was selected
for the interfacial tension measurements.

Once the droplet is fully developed for each case, Image Analysis was carried
over in order to determine the curvature parameters, which complemented with the
density differences determine the interfacial and surface tension. The fluid phases
were deionized water, three types of oils: hexane, dodecane and hexadecane. The
selected surfactants were: Sodium Dodecil Sulfate (SDS), which is a hydrophilic
(affinity for water, i.e. soluble in water) surfactant; Sorbitan Monooleate (Span 80),
which is a lipophilic (affinity for oil, i.e. soluble in oil) surfactant.
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Fig. 1 Experimental setup for the surface and interfacial tension measurement using the pending
drop technique
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Fig. 2 Sketch of the drop (a) (b)
injection depending on

the type of measurement:

a surface tension, b interfacial
tension

Next, Table 1 shows the corresponding values for density P, surface tension
o and interfacial tension between water—oil Y reported in the literature for the dif-
ferent systems studied here Pardo et al. (2001); Vargaftik et al. (1983); Giner et al.
(2007); Rolo et al. (2002) and Zeppieri et al. (2001).

For the experiments under different controlled temperatures, the fluid densities
were selected from Pardo et al. (2001), as well as the corresponding values of the
surface and interfacial tension were compared from Giner et al. (2007); Rolo et al.
(2002); Zeppieri et al. (2009); Goebel and Lunkenheimer (1997).
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Table 1 Physical properties for the selected fluids at 20 °C

Fluid p(gr/cm?) o (mN/m) y (mN/m)
‘Water 0.99823 71.8 -
Hexane 0.6616 18.40 50.80
Dodecane 0.7680 24.47 52.87
Hexadecane 0.7750 28.12 53.10
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Fig. 3 Graph of surface tension (o) versus temperature (T) for the oils: hexane, dodecane and
hexadecane

The experimental results are presented in the next section. The values shown in
the different figures correspond to averages of five independent experiments carried
out under the same conditions. The error bars were determined from the sample
standard deviation divided by the square root of the sample size.

3 Results

The first measurements correspond to surface tension in the range of temperature
from 20 to 60 °C. Figure 3 shows the graph of surface tension versus temperature for
three different types of oil, such as hexane, dodecane, and hexadecane.

In Fig.3 it can be seen that as the temperature increases, the surface tension
decreases. The rate of change of surface tension with respect to the temperature
is different for the three different types of oils that were studied. In the case of
hexane a rate of change of —0.058 mN/m °C was obtained, while for dodecane the
rate of change was —0.081 mN/m °C, and for hexadecane the rate of change was
—0.092 mN/m °C. These results indicate that as the linear chain length increases, a
larger slope in the surface tension is obtained as a function of temperature.
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Fig. 4 Graph of interfacial tension (y) versus temperature (T) for water—hexane interface

Giner et al. (2007) reported surface tension values only for the case of hexane,
which are in good agreement with the results presented in this work. Values reported
of surface tension with temperature for dodecane and hexadecane oils are limited.

Next, some results for the measurements of interfacial tension both in pure phases
and also in the presence of hydrophilic and lipophilic surfactants are presented.

Figure4 shows the graph of interfacial tension for variations in temperature, in
this case for a water—hexane system. The range of temperature was from 22 to 40 °C.
As already mentioned in the preceding paragraphs, as the temperature increases the
system tends to reduce its interfacial tension.

According to the results obtained the interfacial tension for the system hexane/
water in the region studied here, it shows a dependence with the temperature as fol-
lows: Y = —0.10665 (mN/m °C)T + 53.2363 (mN/m). Constructing the prediction
interval (Walpole et al. 2012) that has a probability of 95 % for the interfacial tension
measurements in a range from 22 to 40 °C, in this region the interfacial tension data
reported by Zeppieri et al. (2001) are contained into the prediction limits (see Fig.4).
For example, estimating the 95 % prediction interval for the interfacial tension in the
case of 30°C is 49.8047 < yY(30°C) < 50.2689 in units of mN/m. For the same
temperature, a value for interfacial tension of 49.96 mN/m £0.04 was reported by
Zeppieri.

Now comparing both results obtained for the surface tension and interfacial ten-
sion in the case of hexane, the rate of change of interfacial tension with temperature
is greater than the one obtained for surface tension. This result shows a greater
sensitivity of the interfacial tension to temperature changes.

Next, let us present the results obtained from introducing surfactant molecules
as a third component in the system. Figures5 and 6 show the results of interfacial
tension with hexadecane as the organic phase with a temperature set to 25 °C.

Figure 5 shows the results when an hydrophilic surfactant was used, in this case
the SDS concentration was dissolved in water. Interfacial tension measurements were
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Fig.5 Graph of the interfacial tension of water—hexadecane () versus the surfactant concentration
[SDS] dissolved in water
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Fig. 6 Graph of the interfacial tension (¥) of water—hexadecane versus the surfactant concentration
[Span 80] dissolved in oil

obtained for different SDS concentrations in a water—hexadecane system. The surfac-
tant concentration of SDS was measured in terms of the critical micelle concentration
(cmc) of SDS in water, which has a value of 8 x 10~3 mol/L. The SDS concentration
values that were used in this investigation were: 0.05,0.1,0.5, 1,2, 3,4,5,6,7,8,9
and 10 all in units of cmc. The first result in the graph corresponds to the interfacial
tension value without surfactant.

Itis known that the main function of surfactant molecules is to decrease the surface
tension or the interfacial tension in a fluid system, this is clearly showed in the graph.
Also it can be noted that the greater variations in the interfacial tension occur at
the lower surfactant concentrations. Thereafter, the interfacial tension values remain
unchanged when a certain surfactant concentration is reached. This can be explained
from the fact that these molecules saturate the interface once a given surfactant
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concentration is reached, and the surfactant excess no longer modifies the properties
of the interface. The intersection value can be determined by the trend lines in the two
regions of the interfacial tension, this point shows a threshold-value of approximately
0.18 cmc.

Figure 6 shows the results for the interfacial tension of water—hexadecane system
at different concentrations of a lipophilic surfactant, in this case different concen-
trations of Span 80 were dissolved in oil. Due to the high viscosity of Span 80, the
corresponding surfactant concentrations are usually reported in weight fraction or
weight percent in the organic or continuous phase (% w/w). The values used for the
interfacial tension measurements were as follows: 0.0 01, 0.005, 0.01, 0.05, 0.1, 0.5,
1, 1.5, 2, 2.5 all in units of % w/w.

Again the effect of surfactant in the oil-water systems lowers the interfacial ten-
sion. The lower values for surfactant concentration produce greater variations in the
interfacial tension measurements up to a given threshold value, and then the interfa-
cial tension maintains a constant value. The intersection of the trend lines in the two
regions of the interfacial tension, shows a threshold value of approximately 0.06 %
w/w.

4 Conclusions

The technique of the pending drop was used to obtain surface and interfacial tension
for water—oil systems at different temperatures in pure phase and in the present of
surfactants. The threshold value that corresponds to the saturation was established,
when an increase in surfactant concentration no longer causes a significant decrease
in interfacial tension, both for the hydrophilic as well as the lipophilic surfactant.
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