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Abstract

As an agent for displacing residual and hard-to-recover oil reserves, polymer nanocomposites based on sodium salts of
carboxymethylcellulose (CMC) and aluminium (Al) and copper (Cu) nanoparticles were investigated. It has been shown that
polymer nanocomposites are more effective as oil displacement agents than the sodium salt of carboxymethylcellulose itself.
Increasing the viscosity of an oil displacement solution can be achieved by varying the concentrations of CMC and nanoparticles.
This study thoroughly examined the dynamic viscosities of carboxymethylcellulose (CMC) and polymer nanocomposites that
contain CMC and metal nanoparticles (Al and Cu) across various concentrations. The results obtained are robust and reliable.
It has been shown that, among polymer nanocomposites containing Al nanoparticles, there is a higher dynamic viscosity
compared to its Cu nanoparticle counterpart at equivalent concentrations. This work proposes a simulation reservoir model
to enhance oil recovery from hard-to-recovery reserves. Through this reservoir model simulation, the oil recovery factor was
calculated using filler sand and oil extracted from a hydrocarbon field. The experimental data revealed the most effective
concentration of CMC and nanoparticles for oil displacement. The results suggest that polymer nano composites composed of
different metal nano powders have varying impacts on oil displacement efficiency. In this experiment, a composition consisting
of Al nanoparticles with a size range of 50-70 manometers (nm) proved to be more successful as an oil displacement agent
than a polymer nanocomposite made of Cu nanoparticles and CMC. At these concentrations and combinations, the highest oil

recovery factors were achieved.

Keywords: Nanocomposites; Aluminium; Copper; Polymer Nanocomposites; Al Nanoparticles; Cu Nanoparticles; Oil

Displacement

Abbreviations: CMC: Carboxy Methyl Cellulose; have various methods for increasing the oil recovery factor

RF: Recovery Factor; FTIR: Fourier Transform Infrared
Spectroscopy.

Introduction

The modern approach to the development of oil fields
requires the use of effective technologies that increase the
degree of oil recovery at minimal cost. Today, oil companies
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(RF), which are used depending on the given conditions [1-
4]. One of these methods that has found wide application
is polymer flooding - a technology for increasing oil
recovery by increasing the sweep ratio of the formation by
displacement and reducing the residual oil saturation in the
washed zone by reducing the ratio of the mobility of oil and
the displacing agent in the formation [5-8]. There are many
water-soluble polymers used as oil displacement agents, but
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sodium salt of carboxymethylcellulose (CMC) is one of the
most widely used [9-12]. The relatively low consumption
of the reagent, the Possibility of use for the production of
high-viscosity oils at various stages of field development
with uneven permeability, the different reservoir structure
and properties of water-soluble polymers, and their other
positive characteristics, water-soluble polymers were
widely used in oil production [13-16]. However, polymer
flooding, like any technology, has negative aspects, such
as the dependence of polymer stability on temperature
and the degree of salinity of formation waters [17-20].
These disadvantages can be eliminated by modifying and
stabilizing the polymers used. In the presented work, to
improve the properties of water-soluble CMC polymers, the
authors used Aluminium (Al) and copper (Cu) nanoparticles
(size 50-70 nm).

The oil industry has made extensive use of
nanotechnologies  [21-24], as they offer novel
physicochemical traits and improved chemical resistance
by utilizing polymer nanocomposites composed of different
metals [25,26]. To study the possible oil displacement
effect of a polymer nanocomposite based on sodium salt of
carboxymethylcellulose (Na-CMC) and nanoparticles (Al and
Cu), the present article has examined different solutions of
the polymer nanocomposites. Utilizing a reservoir model
simulation that combines various nanomaterials is a highly
effective method to confidently enhance oil recovery while
minimizing the drawbacks of using polymers, all at an
affordable cost.

Materials and Methods

The oil used in the experiments has been taken from one
ofthe Russian hydrocarbon fields. The water-soluble polymer
CMC was used in the experiments. Aqueous solutions of
polymers were prepared using distilled water at room
temperature. A magnetic stirrer was used to homogenize
the solutions after they had been left for three days to swell
completely.

The copper and aluminium nanopowders used in this
study were manufactured by Advanced Powder Technologies
LLC (Tomsk, Russia) [27-30]. The viscosity of aqueous
solutions of polymers was determined using a Reotest-2
rheometer [31-34].

The installation for determining the oil-displacing
ability of prepared compositions consists of glass tubes 70
cm long and 30 mm in diameter, filled 3/4 with sand from
the corresponding field, simulating reservoir models. A filter
made of 1-2 layers of metal mesh was installed at the lower
end of the reservoir (formation) model. After preparing
the models, they were installed vertically and soaked with
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formation water, for which the installation was connected
to a vacuum system, and water (VH20) was passed through
the formation model. The pores of the formation were filled
with water, and excess water was collected and measured in
a cylinder (V_ ). The pore volume (VW, ml) of the reservoir
model was determined using the formula.

pore ' Hyo out

After the model was prepared, it was saturated with oil.
A certain volume of prepared oil was passed through the
reservoir model (the system operates under a vacuum), and
some of the pores were filled with oil. Thus, the reservoir
model has a certain amount of oil and water saturation.
Water and oil displaced from the formation were collected
in beakers, and the initial oil saturation of the formation
was calculated as the difference between the volume of oil
supplied to the formation and the volume measured in the
beakers -V .

The volume of oil displaced into the beaker was measured.
Next, the oil recovery factor (RF, %) was determined:

RF :LIOO%

sup p.

(RF= Recovery Factor)

Where V. is the volume of displaced oil, ml; Vsupp. - volume of
supplied oil, ml.

Results and Discussion

Oil from the reservoir model was alternately displaced by
aqueous solutions of sodium salt of carboxymethylcellulose
(Na-CMC) and polymer nanocomposites based on Na-
CMC and nanoparticles (Al and Cu with a size of 50-70
nm) of various concentrations. To determine the working
concentration, aqueous solutions of polymers with different
concentrations of nanopowders were prepared, which were
analysed by Fourier transform infrared spectroscopy (FTIR)
for the destructive effect of nanoparticles on the polymer
structure [35-38]. Based on the data obtained, the working
concentration of nanoparticles in the polymer solution was
determined (0.05 g/1).

Tables 1-3 and Figure 1 show the results of
measurements of the dynamic viscosity of aqueous solutions
of CMC of various concentrations and the corresponding
polymer nanocomposites (CMC + Al and Cu nanoparticles).
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Specimen Composition H,0,1 CMC, g/1 Dynamic Viscosity Pa.s, at 20 °C
1 H,0 + CMC 1,0 1,0 1,0
2 H,0 + CMC 1,0 3,0 1,8
3 H,0 + CMC 1,0 5,0 2,4
4 H,0 + CMC 1,0 7,0 3,4
5 H,0 + CMC 1,0 9,0 3,8

Table 1: Dynamic viscosity of aqueous solutions of CMC.

Specimen Composition H,0,1 CMC,g | Al (Magnetic nanoparticles, MNP), g | Dynamic viscosity, Pa.s
1 H,0 + CMC + Al 1,0 1,0 0,05 1,8
2 H,0 + CMC + Al 1,0 3,0 0,05 2,0
3 H,0 + CMC + Al 1,0 5,0 0,05 54
4 H,0 + CMC + Al 1,0 7,0 0,05 7,1
5 H,0 + CMC + Al 1,0 9,0 0,05 8,0

Table 2: Dynamic viscosity of polymer nanocomposites based on CMC and Al nanoparticles.

Specimen Composition H,0,1 CMC, g Cu (MNP), g The dynamic viscosity Pa.s
1 H,0 + CMC + Cu 1,0 1,0 0,05 1,80
2 H,0 + CMC + Cu 1,0 3,0 0,05 1,70
3 H,0 + CMC + Cu 1,0 5,0 0,05 3,00
4 H,0 + CMC + Cu 1,0 7,0 0,05 5,10
5 H,0 + CMC + Cu 1,0 9,0 0,05 6,90

Table 3: Dynamic viscosity of polymer nanocomposites based on CMC and Cu nanoparticles.

Compared with low concentrations of CMC (1-3 g/1), there
is hardly any difference in the dynamic viscosity readings of
the studied polymer and nanopolymer compositions, while
with increasing concentrations (5.0; 7.0; 9.0 g/1), the gap

between the dynamic viscosity readings increases. It should
be noted that the polymer composite with Al nanoparticles
at the same concentrations has a higher dynamic viscosity
than its analogue with Cu nanoparticles.

Figure 1: The effect of the composite’s structure and concentration on its dynamic viscosity.

Al-Obaidi Sudad H, et al. An Application of Polymer Nanocomposites Based On Carboxymethylcellulose
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The ratio of the dynamic viscosity of oil and displacement
solutions is one of the most important factors when selecting
an oil displacement reagent [39-42]. The closer the value of
the dynamic viscosity of the displacement solution is to the
value of the dynamic viscosity of oil, the more effective this
solution will be as a displacement agent. Knowing the value of
the dynamic viscosity of oil from a given field, it is possible to
bring the value of the dynamic viscosity of the displacement

agent closer to it by changing the concentrations of CMC and
nanoparticles.

Next, a comparative analysis of the oil-displacing
properties of aqueous solutions of CMC of various
concentrations and the corresponding  polymer
nanocomposites (Al and Cu with dimensions of 50-70 nm)
was carried out. The obtained data are presented in Table 4.

S.No Composition Structure 0il Recovery factor, %
1 MC (1g) +H,0(1.01g) 44,0
2 CMC (3 g) +H,0(1.01g) 56,2
3 CMC (5g) +H,0 (1.01 g) 67,0
4 CMC (7 g) + H,0 (1.01 g) 60,5
5 CMC (9g) +H,0(1.01g) 41,0
6 CMC (1g) +H,0 (1.01 g) + Al (0.05 g) 48,7
7 CMC (3 g) +H,0 (1.01 g) + Al (0.05 g) 58,2
8 CMC (5g) +H,0(1.01 g) + Al (0.05 g) 69,1
9 CMC (7 g) + H,0 (1.01 g) + Al (0.05 g) 64,8
10 CMC (9 g) +H,0 (1.01 g) + Al (0.05 g) 42,5
11 CMC (1g) +H,0 (1.01 g) + Cu (0.05 g) 46,2
12 CMC (3 g) +H,0(1.01 g) + Cu (0.05 g) 57,8
13 CMC (5g) + H,0 (1.01 g) + Cu (0.05 g) 68,4
14 CMC (7 g) + H,0 (1.01 g) + Cu (0.05 g) 63,7
15 CMC (9 g) +H,0 (1.01 g) + Cu (0.05 g) 41,8

Table 4: Comparative analysis of the oil recovery factor of aqueous solutions of CMC and the corresponding polymer

nanocomposites (Al and Cu) of various concentrations.

The essence of polymer flooding is the dissolution
of the polymer in water to reduce its mobility [43-46].
Consequently, the oil-water mobility ratio decreases due to
an increase in viscosity. The concentration of the aqueous
solution of the polymer can be increased to accomplish this
goal, but this increase has its limits: CMC concentrations
greater than 10 g/1 negatively affect oil displacement. At the
same time, at high concentrations, CMC does not mix well
with water and creates problems when pumping solution
into the formation. The resulting polymer nanocomposites
based on CMC and copper and aluminum nanoparticles have
improved properties compared to their polymer analogues
(CMC): the dynamic viscosity is higher, the ability to displace
oil is better. In addition to the above properties, the polymer
nanocomposite (CMC + Cu nanoparticles) has pronounced
bactericidal properties [47-50].

Data obtained from the experiment on oil displacement
with aqueous solutions of CMC and CMC + Al or Cu
nanoparticles show that nanoparticles improve the oil
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displacement properties of CMC. The most effective
concentrations are 3.0; 5.0; 7.0 g/1 (Figure 2). At higher and
lower concentrations the effectiveness decreases. As an oil
displacement agent, the CMC + Al polymer nanocomposite is
more effective than CMC + Cu.

-

Figure 2: Comparative analysis of the oil recovery factor of
aqueous solutions of CMC and the corresponding polymer
nanocomposites (Al and Cu) of various concentrations.

o
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Conclusions

The efficient use of oil displacement agents in
hydrocarbon reservoirs can be achieved through the
application of polymer nanocomposites containing
the sodium salt of carboxymethylcellulose (CMC) and
nanoparticles of Aluminum (Al) and Copper (Cu) measuring
50-70 nm in size. The study has demonstrated that the
addition of Al and Cu nanoparticles to CMC-based aqueous
solutions results in an increase in dynamic viscosity. Out of
all the compositions tested, the most effective concentration
for both oil displacement and polymer nanocomposites was
found to be 5 g/L of CMC. This concentration also yielded
the highest oil recovery factor. Furthermore, polymer
nanocomposites containing Al were found to be more
efficient in displacing oil and increasing dynamic viscosity
compared to their counterparts containing Cu nanoparticles.

To optimize the use of polymers in the enhanced oil
recovery process, it is essential to confidently consider
various reservoir temperatures. The stability of the polymers
is indisputably temperature-dependent, and taking this into
account will undoubtedly minimize any negative impact of
temperature.
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