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Introduction

Fossil fuels, particularly crude oil, supply over 80%
of the world's energy [1]. With rising global oil
demand and dwindling new resources, developing
enhanced oil recovery (EOR) technologies for
existing reservoirs is crucial. EOR, as the third phase
of production, includes thermal, chemical, miscible,
and biological methods. Chemical methods, such
as polymer and surfactant injection, are widely used
but face challenges like high costs and environmental
impacts. Among these, biosurfactants are promising
due to their biodegradability and efficiency. This study
focuses on evaluating the performance of diacetylated
sophorolipid acid as a biosurfactant under harsh
reservoir conditions.

Material and Methods

In this study, diacetylated sophorolipid acid (C,,H, O,,)
with a density of 0.84 g/cm?® and viscosity of 0.16 cP
was utilized as the biosurfactant [2]. This glycolipid
biosurfactant consists of a sophorose disaccharide
linked to a fatty acid chain with 16 to 18 carbon
atoms. Crude oil from the Paranj field, located 30
km northwest of Behbahan, with API 34.81, density
of 0.85 g/cm?, and viscosity of 9.21cP, was selected
as the oil sample. Distilled water with a resistivity
of 18.25 MQcm and formation water with a salinity
of 210,000 mg/L (containing sodium, potassium,
chloride, calcium, and magnesium ions) were used as
base fluids.

The experiments included oil displacement, surface
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and interfacial tension measurements, emulsion
stability tests, wettability alteration, and micromodel
flooding in homogeneous and heterogeneous models.
Surface and interfacial tensions were measured using
a Sigma 700 device and the pendant drop method. In
addition, the stability of the biosurfactant emulsion
was evaluated at 90 °C and 8% salinity. Moreover,
wettability alteration of carbonate rock was assessed
by measuring the contact angle of oil droplets on
the rock surface before and after exposure to the
biosurfactant solution.

To simulate the EOR process, homogeneous and
heterogeneous micromodels with porosities of
38% and 25%, respectively, were used. In addition,
flooding tests were conducted at a rate of 0.25
mL/h, and the process was recorded to calculate oil
recovery. Moreover, these experiments were designed
to evaluate the biosurfactant's performance under
reservoir conditions.

Results and Discussion

Oil Displacement

The addition of the biosurfactant diacetylated acidic
sophorolipid causes crude oil to rapidly separate from
the water surface, forming a clear area. Moreover, with
both hydrophilic and hydrophobic components, this
biosurfactant facilitates the separation of oil and water,
allowing them to coexist side by side. Furthermore, the
results indicate its high efficacy in oil-water separation,
achieving oil displacement with a radius of 7 cm.
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Surface and Interfacial Tension

Surface and interfacial tension are critical parameters
in multiphase systems, and reducing them using
biosurfactants like diacetylated acidic sophorolipid
significantly enhances system efficiency. Moreover,
tests showed that at a concentration of 5000 ppm, this
biosurfactant lowered the surface tension of water
from 74 to 41.33 mN/m and the interfacial tension
between water and oil from 42.37 to 14.9 mN/m. At
concentrations higher than 5000 ppm, no significant
further reduction in surface or interfacial tension was
observed, making 5000 ppm the optimal concentration.
After determining the optimal concentration of 5000
ppm for diacetylated acidic sophorolipid, the effect of
salinity on reducing interfacial tension was investigated.
Results showed that as salinity increased to 80,000
ppm, interfacial tension decreased from 14.9 to 7.05
mN/m; however, at higher salinities, it increased [3].
This behavior is attributed to the formation of oil-in-
water microemulsions (at low salinity) and water-in-
oil microemulsions (at high salinity), as well as the
influence of ionic strength on electrostatic interactions.

Emulsion Stability of the Biosurfactant at Reservoir
Temperature

The stability of emulsions formed by saline and oil
mixtures was tested at 90 °C. Diacetylated acidic
sophorolipid showed effective performance by separating
the mixture into two clear phases of water and oil, proving
its ability to break down unwanted emulsions.

Wettability Measurement

Wettability measurement is a critical factor in EOR,
as oil-wet reservoirs retain significant amounts of
immobile oil. By altering wettability toward water-
wet conditions, residual oil saturation can be reduced.
In this study, the effectiveness of diacetylated acidic
sophorolipid as a biosurfactant was evaluated.
Moreover, initial contact angle measurements on oil-
wet carbonate rocks showed angles of 20.3°, indicating
strong oil-wet properties. After treatment with the
biosurfactant, the contact angle increased to 38.8°
after 7 days and 109.2° after 14 days, demonstrating a
shift to water-wet conditions. This change is attributed
to the adsorption of biosurfactant molecules onto
the positively charged rock surface, reducing zeta
potential and releasing acidic oil components, thereby
promoting water-wet behavior [4].

Micromodel Flooding

The efficiency of diacetylated acidic sophorolipid as a
biosurfactant for EOR was evaluated through flooding
experiments in homogeneous and heterogeneous
micromodels. After secondary water flooding,
diacetylated acidic sophorolipid injection at an optimal
concentration (5000 ppm) and salinity (80,000 ppm)
significantly improved oil recovery. In the homogeneous

model, oil recovery increased from 60% to 78%,
demonstrating an 18% incremental recovery. In the
heterogeneous model, diacetylated sophorolipid acid
enhanced recovery from 55% to 71%, achieving a 16%
increase. Moreover, this improvement is attributed to the
reduction of interfacial tension and wettability alteration,
facilitated by the amphiphilic structure of diacetylated
sophorolipid acid. In addition, microscopic imaging
revealed a notable decrease in oil layer thickness on pore
walls, indicating effective displacement of residual oil.
In addition, comparative analysis with other surfactants
highlighted diacetylated sophorolipid acid superior
performance, making it a promising candidate for EOR
applications. Furthermore, these findings underscore
the potential of biosurfactants in optimising oil recovery
processes, particularly in complex reservoir conditions.

Conclusions

This study investigated the performance of diacetylated
acidicsophorolipidasabiosurfactant for EOR. Moreover,
key experiments included surface and interfacial tension
measurements, wettability alteration, and micromodel
flooding. In addition, the results demonstrated that
diacetylated acidic sophorolipid at 5000 ppm reduced
the surface tension of distilled water from 74 mN/m
to 33.41 mN/m and the oil-water interfacial tension
from 37.42 mN/m to 9.14 mN/m. Diacetylated acidic
sophorolipid also altered the wettability of carbonate
rocks from oil-wet (20.3°) to water-wet (109.2°)
over 14 days. Finally, in homogeneous micromodels,
diacetylated acidic sophorolipid injection increased
oil recovery by 18%, reaching 78%. Moreover, in
heterogeneous micromodels, recovery improved by
16%, achieving 71%. Given its cost-effectiveness,
scalability, and promising results in reducing interfacial
tension and enhancing oil recovery, diacetylated acidic
sophorolipid is proposed as a viable candidate for
microbial EOR applications.
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