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Introduction

Asphaltenes are the most important components of oil,
and they have been studied extensively in the literature
[1-7]. Among the crude oil compounds, asphaltenes are
the most important surface active agents and the main
polar components in crude oil [7-9]. Asphaltenes are
defined as a component of crude oil that is insoluble
in n-alkanes and soluble in aromatic solvents. They
are also known as natural surfactants in crude oil
[1,2]. Since The interfacial phenomenon is considered
very important in plays an important role in the oil
industry, and thus the study of the interfacial property
of asphaltenes at thein crude oil/brine systems has
received more attention in the last few years [10-11].
Measurement of interfacial tension (IFT) is one of the
methods that can be used to understand the adsorption
of asphaltene on the interface of crude oil/brine. The
effect of asphaltene on interfacial property is typically
studied using asphaltene extracted from crude oil
and dissolving in a mixture of aromatic and aliphatic
solvents (e.g. n-heptane/toluene or so-called heptol).
Several studies have been performed on the effect
of different parameters on the interfacial property of
crude oil/brine [2,8,10]. In this study, the effect of
asphaltene concentrations and water-soluble divalent
ions on IFT of heptol/saline was investigated. The
pendant drop method was used to measure the dynamic
IFT (DIFT). Finally, the results were modeled using
a mathematical equation. The results of this study
can lead to a better understanding of the effect of the
mentioned parameters on the IFT of crude oil/brine.

Accepted: November/23/2021

Materials and Methods
Materials

In this study, seawater with a salinity of 40,000 ppm
(SW) was chosen as the base aquouesaqueous phase.
Moreover, the aqueous phase with salinities of
4000 ppm (0.1SW) and of 80,000 ppm (2SW) were
prepared to mimic the low salinity (LSW) and high
salinity water (HSW) conditions. The oleic phase was
simplified in the form of a miscible mixture of toluene
and n-heptane (heptol) with a volume ratio of 1:1
while having asphaltene with different concentrations
of 0.1, 0.5, 1 and 3 wt.%. The asphaltene used in
this study was obtained from one of the Iranian oil
reservoirs. The standard IP-143 method was used to
extract asphaltene from the crude oil. The pendant
drop method was used to measure IFT. Also, each IFT
measurement was repeated at least two times with an
accuracy of 0.3 mN/m.

Experimental Set-Up

In this study, IFT was measured by the pendant drop
technique, which it is illustrated schematically in
Figure 1. The system was calibrated with n-heptane/
deionized water and toluene/deionized water at 30 °C.

Results and Discussion

Effect of Asphaltene Concentration on IFT

In this section, the effect of asphaltene with
concentrations of 0.1, 0.5, 1 and 3 wt.% on IFT of the
heptol/brine system is discussed.
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Fig. 1 Schematic of Pendant drop set-up.

In general, the equilibrium IFT of heptol/SW in the
presence of similar asphaltene concentration is lower
than the equilibrium IFT of heptol/0.1 SW. This
could happen due to the presence of ions in SW that
accelerates the migration of asphaltene molecules into
the interface of heptol/SW. But, this positive effect is
not observed, when the salinity increases, i.e., for the
case of 2 SW, as seen in Figure 2.
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30 — 40,000ppm/Heptol/0.5%Asphaltene
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Fig. 2 IFT profile of SW (40000 ppm)/heptol at different as-

phaltenes concentrations.

The Effect of Divalent Ions on IFT

The effect of the increase in calcium ion, magnesium ion or
sulfate ion in SW (40,000 ppm) was also studied. Results
showed that when ions increased twice IFT increased a bit.
This can be attributed to the fact that the interface of heptol/
brine was partially discharged from asphaltene molecules,
which increased IFT [6]. However, when the concentration
of'ions increased four times, IFT reduced to a smaller value
compared to the base case. It is also important to note
that the change of calcium concentration led to a larger
reduction in IFT in comparison to magnesium and sulfate,
as seen in Figure 3. It was also found out that calcium ions
desire to keep a close contact with asphaltene molecules,
so the synergy of calcium ion and asphaltenes molecule
at the heptol/brine interface could further reduce IFT than
other ions [12].
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Fig. 3 IFT profile of SW (Calcium ion)/heptol in the pres-
ence of 1wt.% asphaltene.

Conclusions

Results show that the presence of asphaltene mol-
ecules in the heptol/brine system leads to a significant
reduction in IFT. Moreover, the increase in the asphal-
tene concentration from 0.1 to 0.5 wt.% has a positive
effect on reducing the IFT of the heptol/brine system,
but beyond 0.5 wt.%, there is a slight decrease in the
value of IFT. The study of the effect of divalent ions
such as calcium, magnesium and sulfate showed that
only in the presence of four times the calcium ion, the
IFT was obtained less than the base case IFT.
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