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Introduction

The popularity of low-saline water injection in
enhanced oil recovery is due to its unique advantages,
some of them are: increased efficiency in the
production of light and medium crude oils, simplicity
of injection into hydrocarbon formations, water
availability, environmental friendliness, the low risk
of injection and the reasonable price of low-salt water
injection, especially in large fields [ 1]. There has been
a lot of research that changing water salinity along
with dilution can lead to enhancing oil recovery.
Zhang et al. [2] investigated the role of magnesium,
calcium and sulfate ions in changing the wettability of
carbonate reservoirs. They also stated that increasing
the temperature will improve the oil recovery factor.
Lager et al. [3] introduced multiple ion exchange
as the main mechanism that causes oil separation in
carbonate reservoirs on an operational scale. In another
research, wettability change was introduced as the
main mechanism that improves the oil recovery factor
[4]. In another research, it was stated that increasing
the concentration of sulfate ions and decreasing
the concentration of calcium ions improves the oil
recovery factor [5]. Tete et al. [6] stated that injection
of less saline water compared to seawater improves the
recovery of oil. The results of Wang et al experiments
showed that the injection of 100 times diluted formation
water reduces the saturation of the remaining oil. They
also introduced the optimal salinity for low salt water
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injection between 3200-1400 mg/liter [7].
Experimental

Materials and Equipment

SiO, nanoparticles with 99.5 % purity, 15-20 nm in
diameter and y- Al,O, nanoparticles with 99% purity,
20 nm in diameter were purchased from US Research
Nano-Materials. The mass fraction ratio of y-ALO,
to SiO, NPs was set at 10:90, 30:70 and 50:50. The
brine was prepared by dissolving different salts (NaCl,
NaHCO,, Na,S04, CaCl,. 2 H,0 and MgCl,. 6H ,0).
The brine concentrations were prepared by dissolving
in water with total dissolved solids (TDS) nearby
4071, 8142, 20400 and 40710 ppm. Gum Arabic was
applied as a surfactant to aid disperse the nanoparticles
and improve the stability of the nanofluids.

Designing Experiments

The experimental design was applied by the Taguchi
method nanofluids stability as response and low
salinity water (ppm), the mass fraction y-ALO,/SiO,
(Wt%) and surfactant concentration (ppm) as operating
variables. Taguchi method, based on three factor
five levels and three factors, was applied to design
experiments.

Preparation of Nanofluids



Petroleum Research, 2023(August-September ), Vol. 33, No. 130

A concentration of 0.1 Wt% was used to prepare
nanofluids. In the first step, salts were added, then
nanoparticles and surfactant were added to the solution
at the same time. Next, homogenized by a magnetic
stirrer for 15 minutes. Finally, to ensure the complete
dispersion of nanoparticles in base fluids were
sonicated for one hour.

Stability Test

All stability tests were performed at ambient
temperature and pressure. After preparing the
nanofluids, they were placed in test tubes with caps
and away from sunlight and heat. The stability test was
done visually similar to the work of some researchers
[8, 9, 10]. The period of time when the deposit of
nanoparticles was formed at the end of the test tube
was considered to mean the instability of nanofluids
[11, 12].

Alteration the wettability of micromodel:
Micromodel was washed with sodium hydroxide
solution and saturated for 30 minutes. Next, the
vacuum pump evacuated the micromodel from any
trapped fluid or air.

To ensure no fluid was trapped in the micromodel, it
was washed with deionized water and dried in an oven
at 200 °C. The micromodel was saturated with 2%
hexamethyldisilane and 98% toluene for 30 minutes

[12].

Flooding of the micromodel took place in three steps:
1. The micromodel was saturated with formation water.
2. The micromodel was saturated with oil.

3. The micromodel was flooded with injected fluid
[13].

Results and Discussion

According to the DELVO theory, two forces cause the
dispersion of particles, these two forces include the
van der Waals force of attraction and the electrostatic
repulsion force of the double layer. The presence of
monovalent cations such as sodium in salts reduces
the negative surface charges on silica nanoparticles,
because nanoparticles absorb monovalent cations such
as sodium present in salts, and therefore the stability of
the solution decreases [ 14]. The results obtained by the
Taguchi method are shown in Figure | clearly shows
that the lowest stability period is related to nanofluids
whose base fluid is water with a salinity similar to
seawater. Increasing the concentration of divalent
ion such as calcium in water causes calcium ions to
be absorbed by negatively charged nanoparticles.
This means that divalent cations such as calcium can
be effective in neutralizing the negative charge of
nanoparticles.

Therefore, the van der Waals force of attraction
between particles becomes greater than the electrostatic
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Fig. 1 The data obtained from the taguchi method and the quality characteristic was selected large-the better.

repulsion force and finally causes the accumulation
and instability of solutions [ 15].

The presence of nanoparticles modified with gum
arabic can reduce the interfacial tension between
crude oil and transfer nanofluids, which is one of the
most effective factors for the success of enhanced oil
recovery.

Adsorption of nanoparticles modified with gum arabic
at the interface between oil and salt water is due to
the hydrophilic and hydrophobic functional groups of

the modified nanoparticles and causes the modified
nanoparticles to act as amphiphilic surfactant. Finally,
functional groups of modified nanoparticles create an
additional layer at the interface of salt water and oil to
reduce the interfacial tension [ 16]. Gum arabic and salt
water dilution are effective in delaying breakthrough
time with synergistic effect. Figure 2 shows the images
of'the injection of different nanofluids, after injection of
1 pore volume, into the treated to oil-wet micromodel.
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Fig. 2 Oil recovery for different nanofluids after 1 pore volume the injection. (a). Silica nanoparticles dispersed in deionized

(b) (a)

water without gum arabic. (b). Gamma-alumina nanoparticles dispersed in deionized water with 1000 ppm gum arabic. (c).

combination of hybrid nanofluid y-Al,0,/Si0, with a mass fraction of 30:70 dispersed in 5-times diluted samples of synthetic

seawater with 1000 ppm gum arabic.(d). combination of hybrid nanofluid y-Al,0,/SiO, with a mass fraction of 10:90 dispersed

in 2- times diluted samples of synthetic seawater with 1000 ppm gum arabic.

The images in Figure 2 clearly show that the lowest
oil recovery factor in part (a) is related to silica
nanoparticles dispersed in distilled water without gum
arabic and the highest recovery factor in part (d) is
related to the gamma-alumina-silica nanohybrid with
a mass fraction of 10:90 in 2 times diluted sea water
with 1000 ppm gum arabic. In part (d), the synergistic
effect of nanohybrids modified with gum arabic in the
presence of salt water can be clearly seen, which has
caused more oil to be swept.

Conclusion

In this article, an attempt was made to address the two
issues of stability of nanofluids with aid of gum arabic
and the effect of nanofluids on enhanced oil recovery
in low salinity water. Some of the results obtained
from this research are as follows:

» Gamma-alumina and silica nanohybrid with a mass
fraction of 10:90, twice diluted seawater salinity (ppm
20,400), together with 1,000 ppm of gum arabic equal
to 60.36% have the highest final reconery factor. The
lowest recovery factor of silica nanoparticles without
using gum arabic when the base fluid is distilled water
equal to 34.5%.

* Increasing the salinity of the base fluid delays the
breakthrough time and increases the oil recovery,
which can be due to the presence of polyvalent ions
that cause more nanoparticles to be absorbed into the
pore walls.
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1. L-25 Orthogonal Array
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1.Derjaguin, Landua, Verwey and Overbeek (DELVO) Theory
2. Repulsive Electrostatic Double Layer
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