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INTRODUCTION

Generally, only 5 - 15 % of the hydrocarbon
contained in an oil tank is available using primary
recovery techniques, and pumps are used only
to drive oil to the surface. When the reservoir
pressure is reduced, it is not possible to transfer
oil with the natural force of the reservoir to
the surface. Therefore, secondary recovery
techniques are used [1].

In 2005, Bedrikovetsky et al investigated the
decrease in porous media permeability due to
deposit formation. Two incompatible solutions
containing Ca** and SO,? ions, which were kept
until they entered a separate porous medium,
were injected into the core of sandstone. The
results showed that the increase in the CaSO,
precipitate rate at higher temperatures, the
lower flooding speed and the super saturated of

the brine, while the pressure has little effect on

Accepted: January/8/2019

the CaSO, deposition [2].

Oil - soluble emulsion formation is reported as
a possible reason for trapped oil movement
and an increase in oil broom [3]. Oil - soluble
emulsion is formed due to the reaction between
insoluble salt particles and oil. The mechanism of
this reaction is not yet known, but the formation
of emulsion was demonstrated by laboratory
experiments [4, 5].

The formation of emulsion between decane and
deionized water in the presence of silica particles
using stirring methods was investigated by Kim
et al in 2016. They reported the formation of an
appreciable amount of emulsion by means of
adding oil to the base acid [6].

In 2019, Roozbahani et al also studied emulsion
stability during the use of surface active materials
and calcium chloride, sodium sulfate, magnesium

chloride and sodium chloride and
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observed that calcium chloride could absorb
surface active materials better than other salts
on the rock surface and increase the stability of
the emulsion [7]. In this study, an effort has been
made to investigate the fine solids present in the
water and their roles in emulsion formation and

how they affect the oil recovery.

EXPERIMENTAL PROCEDURE
BRINES

In order to build water, smart water was used in
a variety of salts which all salts from the German
firm Merck were produced at a purity of 99 %
and can be seen in Table 1.

MODEL OIL

From toluene due to the polar property and

low cost as a solvent and from stearic acid and

hexadecyl amine with 0.01M is used as the acid

component and the model oil base respectively.
The materials were produced at 99.9 % of the
German Merck Company. The oil composition of
the model is reported in Table 2.

CRUDE OIL

Crude oil was used in Bangestan reservoir wells,
from Ahwaz and Ilam layer whose dead oil density
was 0.893 g/ml and its asphaltene precipitation
of 5.725.

GLASS MICROMODEL

A micromodel type with a linear, irregular and
complex design was constructed with the volume
of 0.1 cc with the objective of investigating the
effect of emulsion formation on oil production.
Moreover, the volume of injection fluid is 3 pore

volume (3 h).

Table 1: The used brines.

Brine Chemical formula | Molecular weight (g/mol?) | Solubility in water at 25 (g/L)
Sodium Chloride NacCl 58.44 359
Potassium Chloride KClI 74.55 529
Calcium Chloride CaCl, 110.99 745
Barium Chloride BaCl,.2H,0 244.26 358
Strontium Chloride Srcl, 158.53 538
Magnesium chloride
hexahydrate MgCl,.6H,0 203.31 157
Sodium bicarbonate NaHCO, 84.00 96
Sodium Sulfate Na,SO, 142.04 94

Table 2: Model oil properties.

Model oil First part Second part
number
1 Toluene Hexadecyl Amine

2 Toluene

Stearic Acid




Results and Discussion Investigation of the effect

of water concentration change on precipitate
yield

As shown in Fig. 1, the amount of sulfate
precipitates increases with an increase in amount
of Ba?", Ca?* and Sr** cations in the formation
water (horizontal axis of the graph) and its

incorporation with smart water.
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Figure 1: Investigation of deposition of sulfate ions in
smart water.

Then, to investigate the precipitate in the effect
of water mixing and the smart water, formation
and injected into the smart water. As shown in
Figure 2, the dark lines indicate the formation
of precipitation due to the mixing of these two

waters.

Figure 2: Investigation of mixing formation and
smart waters in micromodels.

Emulsion formation between sulfate
deposits and hexadecyl amine

According to Fig. 3, by increasing sulfate ion in
smart water and its mixture with formation
water, the amounts of BaSO,, CaSO,, and SrSO,
precipitates are increased.

Moreover, theresults of the spectrademonstrated
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that the amount of amine present in the float oil
is decreased relative to the initial oil. Therefore,
considering the reduction of precipitation in the
bottom of the container as well as the reduction
of amine stability in the final oil, it can be
concluded that the deposition of the amine with
an amine present in oil (as part of the base) can

form the oil in water.
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Figure 3: Considering the precipitates obtained from
the change of sulfate ion in smart water.

Emulsion formation between sulfate de-
posits and stearic acid

As observed in Figure 4, the amount of stearic
acid in the float oil is reduced in comparison with
the initial oil. Therefore, it is possible to obtain
stearic acid with particles of oil emulsion in wa-

ter.

Hexadecylamin+ CaSo4

Hexadecylamin

N
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[y

Hexadecylamin+SrSo4

Absorption rate (a.u)

[ =
c U P N U WU,

0 200 400 600 800 1000 1200
‘Wavelength (nm)

Figure 4: Light absorption diagram of stearic acid:
The effect of emulsion formation on increasing oil re-
covery.

As mentioned, the mixing of brine containing
precipitation and oil particles causes an oil emul-

sion formation. Now, it is desired to examine the
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effect of emulsion formation on an increase in
the oil recovery. For this purpose, we first remove
the sodium sulfate brine from the seawater
composition and use the same amount of sodium
chloride as injection water. In the following, we
saturated the micromodel from crude oil and
injected 3 pore volume of the brine into it. The
injection rate is 0.1 cc/h with 0.65 m3/day. The
results of injection water without precipitates
in According to Figure 5, it is obvious that the

amount of oil recovery has increased by 14 %.
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Figure 5: Increased rate of oil recovery due to brine
without precipitate.

Now, in this stage, Na,SO4 which has been added
to brine and the same experiment is repeated.
After investigating this test, it has been found
out that injection of water causes the formation
of the deposition of sulfate because formation
water and smart water have been mixed, and
thereby, oil recovery is increased. In other words,
the injection of water flowing through a mixture
of water and smart water (i.e. injection of brine
containing precipitate particles) has increased its
deposits (Fig. 6), and thereby, the recovery of oil

has been increased.

of brine containing precipitate particles

CONCLUSIONS

By investigating the formation of precipitate, it
was observed that increasing the concentration
of barium, calcium and strontium in the
formation and mixing with seawater causes
formation of barium sulfate, calcium and
strontium precipitate. Furthermore, the increase
in sulfate ions to seawater and its composition
with formation water containing barium chloride,
calcium chloride and strontium chloride lead to
an increase in precipitation of barium, calcium
and strontium.

In the study of emulsion formation, it was
observed that precipitate particles formed due
to mixing formation and smart water caused
formation of oil in water. Also, the results of
emulsion formation in the micromodels show
that the precipitate particles present in the salt
water have an emulsion.

Finally, by comparing oil recovery by smart water
injection without sulfate ion and smart water
with sulfate ion, it was observed that the water
injection of seawater contains sulfate ion with
formation water, and the increase in oil recovery
is more than that of seawater without sulfate
ion. Formation of soluble emulsion in water can
significantly increase oil mobility. Therefore,
deposit particles cause oil emulsion formation

and increase oil recovery.
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