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Introduction

Low salinity or smart water flooding enhances oil
recovery by altering the salinity or ionic composition of
injected water, thereby influencing interactions among
oil, water, and rock [l]. Asphaltenes, due to their
amphiphilic structure, can act like surfactants at the
oil-water interface and significantly reduce interfacial
tension [2,3]. A review of previous studies on low
salinity and smart water injection reveals that most
research has focused on their effects on rock wettability
alteration, while limited attention has been given to the
interactions at the oil-water interface. Additionally,
the role of naphthenic acids has rarely been explored,
with existing studies primarily addressing their
influence on elasticity moduli rather than interfacial
phenomena. Moreover, the effect of contact time
between oil and water on interfacial behavior has often
been overlooked. Previous investigations concerning
asphaltenes have largely focused on their behavior
during miscible and immiscible gas injections. The use
of model oils in laboratory studies offers a systematic
and controlled way to investigate the contribution of
specific components such as naphthenic acids. In light
of these research gaps, the present study focuses on the
oil-water interface involving asphaltene-containing oil
during smart low salinity water injection. The aim is to
evaluate the effects of ion type, water salinity, contact
time, and model oils on the interfacial tension (IFT)
between smart water and asphaltene-bearing oil. The
findings are intended to support enhanced oil recovery
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(EOR) strategies for reservoirs containing asphaltenic
crudes.

Materials and Methods

Interfacial Tension Measurement

A precise droplet of oil was injected into a water phase
using an SP120 syringe pump, and the droplet shape
was captured in real-time using a camera. The images
were analyzed to calculate the IFT using the pendant
drop method.

Water Properties

Synthetic formation water (FW) and seawater (SW)
were prepared by dissolving specific laboratory-
grade salts into deionized water based on the ionic
composition of the Bangestan reservoir and the Persian
Gulf. Moreover, three dilution levels (SW, 2SW,
10SW) were used to evaluate the effect of salinity on
IFT.

Oil Properties and Model Oil Preparation

A crude oil sample from a southern Iranian reservoir
was used. To isolate the effects of asphaltenes and
salinity, model oils were prepared using heptane—
toluene mixtures with dissolved asphaltenes (extracted
via ASTM D6560-12 [4]). Also, naphthenic acid was
added to study its synergistic impact.

Experimental Procedure
Crude oil was filtered to remove solid impurities, and
100 cc of the oil was placed on a magnetic stirrer.



The brine was added gradually over one hour, and
the mixture was sealed and aged on the stirrer for 24
hours. After aging, the samples were kept at room
temperature for further testing. Moreover, for IFT
measurement, samples were carefully taken near the
oil-water interface using a syringe. Furthermore, five
sets of IFT experiments were performed. The first three
evaluated the effect of salinity from different salts
(magnesium chloride, calcium chloride, and sodium
sulfate) at various concentrations (1000 to 45000 ppm)
on IFT between asphaltenic model oil and brine. The
fourth experiment assessed how seawater salinity (FW,
SW, 2SW, and 10SW) and oil aging (fresh, 10 days,
40 days) affect IFT. Moreover, the fifth experiment
examined the influence of seawater salinity on IFT for
two types of model oils after 20 days, considering the
presence or absence of naphthenic acid. Each test was
repeated five times for reliability.

Results and Discussion

Ion Effect

Three salts (MgClz, CaClz, and Na.SO.) were selected
for their strong influence on IFT. To isolate effects,
model oil with only asphaltene was used. For both
MgClz and CaCl,, IFT decreases up to 5000 ppm due
to asphaltenes acting as surfactants, then it increases
as salts displace them from the interface (salting-
out). Na2SO. shows similar trends: IFT drops at low
salinities due to ion—asphaltene interaction, but IFT
rises at higher salinities as asphaltenes desorb and
aggregate.

Effect of Seawater Salinity

Results showed that an increase in salinity generally
reduced IFT. At low salinity, asphaltenes adsorb at the
interface due to electrostatic interactions. At higher
salinities, naphthenic acids migrate to the aqueous
phase and dominate the interface, especially in FW.
Also, 2SW had higher IFT than SW and FW because
NA, more effective in SW and FW, reduce IFT better
than the asphaltenes in 2SW.

Effect of Contact Time (Aging)

After 10 days of contact, in most salinities (except
2SW), aged oil exhibits higher IFT than fresh oil due
to loss of surface-active components (asphaltenes
and NA) to the interface. The increase in IFT is more
significant at higher salinities where NA dominates and
further depletes from the bulk phase. At low salinities,
electrostatic forces dominate, and fewer surfactants
are lost to the interface.

In the case of 2 SW, both asphaltenes and NA compete
for interface adsorption due to moderate ionic strength
and electrostatic interactions, balancing each other.
This results in unchanged IFT after 10 days despite
asphaltene depletion. After 40 days, results show
further IFT increase across all cases. In high-salinity

Petroleum Research, 2025(June-July), Vol. 35, No. 141

waters (SW, FW), more NA adsorbs onto the interface,
further displacing asphaltenes and reducing the
concentration of surface-active components in the
bulk oil, leading to higher IFT. In low salinity (10SW),
electrostatic attraction governs asphaltene adsorption,
but due to weak ionic strength, few asphaltenes reach
the interface, and NA remains mostly inactive. Thus,
IFT increases only slightly. In 2SW, the highest
relative IFT change occurs between 10 and 40 days
due to dynamic competition between asphaltenes and
NA.

Model Oil A

The effect of salinity on IFT after 20 days, with and
without naphthenic acid, shows that despite similar
asphaltene precipitation in twice-diluted seawater, IFT
is lower with NA due to its surface activity. In seawater
and formation water, high ionic strength promotes
NA adsorption at the interface, reducing asphaltene
precipitation and lowering IFT. Moreover, asphaltenes
reduce IFT more effectively than NA.

Model Oil B

Model Oil B uses asphaltenes from a different source.
Two mixtures were tested: 1) Heptol + Asphaltene; 2)
Heptol + Asphaltene + NA.

For IFT results after 20 days, in all salinities, IFT
is lower with both asphaltene and NA due to their
combined surface activity and less precipitation.

In seawater, more surface-active components remain
in the bulk phase, giving the lowest IFT. In diluted
seawater, NA gradually replaces asphaltenes at the
interface, leading to lower IFT compared to using
asphaltene alone.

Conclusions

In this study, based on previous research, three salts
(magnesium chloride, calcium chloride, and sodium
sulfate) were selected for their significant effect on
IFT. Furthermore, the influence of salinity and aging
time on IFT was then examined using different types
of water: seawater, twice-diluted seawater, ten-times
diluted seawater, and formation water. Moreover,
to investigate the effect of naphthenic acids on oil-
water IFT, two model oil systems were prepared.
The impact of salinity on each system was studied,
utilizing asphaltenes from two different crude oils
to assess their influence on IFT. The lowest IFT
was observed for different salts at low salinities. As
salinity increases, more naphthenic acid molecules
partition into the aqueous phase, where they adsorb at
the oil-water interface. This adsorption compensates
for the reduced presence of asphaltenes and prevents
an increase in IFT. Except for twice-diluted seawater,
the IFT measured after 10 days was higher than
the IFT observed when fresh oil and water were
first contacted. With higher ionic strength and the
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adsorption of naphthenic components at the interface,
more asphaltenes remain in the oil phase. The presence
of both naphthenic acids and asphaltenes in the oil
phase results in a greater reduction of IFT compared to
asphaltenes alone. Because seawater has lower ionic
strength than formation water, fewer naphthenic acids
adsorb at the interface and less asphaltene precipitation
occurs, allowing more asphaltenes and naphthenic
components to remain in the oil phase. This causes the
greatest reduction in IFT at this salinity.
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