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Hiorth et al. (2010)
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Introduction

The purpose of the methods of increased extraction
is to overcome the forces that prevent the flow of
oil inside the reservoir towards the wellhead. After
the flooding process in light oil reservoirs, capillary
forces immobilize the oil in the reservoir. Fathi et al.
compared oil recovery from normal saline water with
NaCl-free saline water in the Rambord limestone
reservoir. The recovery rate in NaCl-free water was
reported to be 47%, while for normal water, this
value was 37%. They concluded that the recovery of
NaCl-free low-saline water is much higher due to the
effect of the double layer. Also, with a 4-fold increase
in the amount of sulfate, the recovery rate will reach
62%. Since the amount of increase in production in
the process of low salt water flooding depends on
several parameters such as the properties of oil and
reservoir rock, the composition of ions in the injected
water and reservoir water, etc.; On the other hand,
injection of low-salt water is an economic process that
requires little additional surface facilities, and at the
same time, it is an environmental method that leads
to the reduction of investment and operational costs.
Therefore, the purpose of this research is to analyze the
results of contact angle, zeta potential, crude oil/brine
and rock/brine as well as the effect of ionic compounds
in the increase of Shadgan oil field production and the

existing surface complex models for pure calcite rock
model and ionic composition. used for the first time in
this work were reconstructed.

Materials and Methods
Water Salinity

Different brines from Persian Gulf sea water with
different levels of salinity were used in this research.
To prepare salty water, the exact amount of salt was
dissolved in distilled water, and then by filtering it
through 24 micrometer filter paper, the desired salty
water was prepared after one night. Diluted sea water
was also obtained by adding a certain amount of
distilled water to the original solution (sea water).

Crude Oil

A crude oil sample from one of the fields in southwest
Iran (Shadgan oil field) was used in this research. In the
first step, crude oil was filtered using 42 um filter paper
at room temperature. Then, SARA content and acid
number of the whole crude oil sample were measured
according to ASTM D2007-98 and ASTM-D664
standard processes, respectively.

Contact Angle Measurement Method
In this study, the Cecil drop method (hanging drop



device) was used to determine the contact angle of the
pure calcite rock/crude oil/brine system. A polished
thin section of pure calcite stone, which was immersed
in toluene for one hour, was removed from toluene,
and acetone, ethanol, and distilled water were used to
wash the toluene from its surface, respectively. After
that, in order to form a liquid film on the thin section,
it is kept in saline water for 30 minutes and the drop of
oil is released under the surface of the stone through a
needle. After the oil drop sticks under the surface of the
calcite rock, a reflection of the drop is formed on the
bottom surface of the rock, which helps to accurately
measure the contact angle.

Zeta Potential Measurement Method

Zeta potential was measured using SZ-100z dynamic
light scattering and particle size distribution analyzer
(HORIBA, Ltd) to investigate the electric charge of rock
and oil surface in contact with brine (for two brines,
seawater and seawater diluted 40 times). To prepare
the calcite/brine suspension, the method proposed by
Mabhani et al. in 2017 was experimentally modified.

Results and Discussion
Lab Results

A series of contact angle tests were performed at
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Fig. 9-a PH of different brine samples calcite.

Conclusions

In this study, contact angle, pH values and zeta
potential were investigated in a wide range of salinity.
The purpose of this study is to investigate the effect of
electric charge on the wetting behavior of a carbonate
rock. In order to create a better understanding of the
process affecting the changes of the electric charge
of the rock, the surface complex models available in
history were reconstructed for the pure calcite rock
model and the ionic composition used in this work.
These models included the model of Pakrovsky et al.
[1], Hirth et al. [2], Brady and Thain [3], Mahani et al.
[4], and Sanai et al. [5]. After examining the models
from the two points of view of electric potential and
surface absorption, the best model for predicting the
zeta potential measured in this research was proposed.
Continued.
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different salinity levels from 10 times diluted seawater
to 2 times concentrated seawater as a function of time.
According to this test, over time, wettability tends to
change from hydrophilic to neutral. The same trend
was observed in the presence of other brines.

The contact angle results show that in rocks with
hydrophilic initial wettability, the fluid-fluid and rock-
fluid cohesives are aligned to improve oil recovery.
The thickness of the blue film between the water/rock
and oil/water interface (which is influenced by the
electric charges of these two interfaces) controls the
wettability change degree.

Calcite level increases to hydrated sites. Therefore,
the stone surface becomes more negative, which is
consistent with the data of zeta potential. The pH of
the mixture of calcite powder and different brines is
shown in Fig. 1-a. Fig. 1-b shows the pH of the outlet
fluid at the end of each flooding test. The very high
similarity between Fig. 1-a. Fig. 1-b shows that the
effect of the dissolution of oil components in brine on
pH is negligible. Reducing the salinity from seawater
to seawater diluted 40 times reduces the zeta potential
of crude oil/brine to a greater extent than the zeta
potential of rock/brine, which indicates the special
importance of crude oil on the effect of low-salinity
water in the system under investigation in this study.
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Fig. 9-b pH of the outlet fluid at the end of each of brine

Based on the obtained results, the contact angle
of seawater diluted 40 times has more power than
seawater to change wettability towards hydrophilicity.
The results of zeta potential of saline water/oil and
saline water/calcite showed that the electric charge of
these two surfaces becomes more negative as the water
salinity decreases, thus increasing the repulsive force
between these two interfaces. Therefore, the blue film
between these two interfaces becomes thicker and the
wettability of the stone changes to hydrophilicity.

The higher pH in the presence of seawater diluted 40
times compared to seawater shows that the microscopic
dissolution occurred on the surface of calcite leads to
the release of more carbonate anion as the potential-
determining ion; In other words, the abundance of
carbonate anion in the aqueous phase causes it to be
absorbed on the calcite surface sites and the calcite
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surface becomes more negative.

In all models, except for the model presented
by Hirth et al., the decrease in salinity leads to a
decrease in surface potential. In Hirth et al.'s model,
there was a minimum value in the interval from 2
times concentrated seawater to deionized water.
The presence of this minimum was attributed to the
potential-determining ion Ca*". In such a way that with
the decrease of sea water salinity level, the decrease
in the concentration of >CO,C*" complex is less than
other complexes. . Therefore, the positive charge of
this complex increases the surface charge of calcite
at very low salinities. It should be mentioned that in
low salinity due to the dissolution of calcite, Ca*" ions
enter into the brine through dissolution and no external
source is needed.

In all the presented models, the absorption of Ca?*
and Mg?* ions increases the surface potential and the
absorption of SO,* ions decreases it. These ions act
as potential determining ions at all times. Only in the
models of Pakrovsky et al., Sanai et al. and in the case
of diluted sea water, CO32' ion can decrease the electric
charge of the surface as the ion that determines the
potential.

The comparison of laboratory and modeling results
shows that, except for the model of Harith and his
colleagues, the decrease in salinity leads to a decrease
in zeta potential, a more negative surface charge,
more repulsion, and as a result, a thicker layer and a
more hydrophilic calcite rock, which all these factors
cause Engineered water injection can cause increased

harvest.
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