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Abstract: Solvent-based enhanced oil
recovery has received greater attention
lately. Besides solvents, nanoparticles, due
to their unique characteristics have also
been widely used for enhanced oil recovery
techniques to help extract the trapped oil
left underneath the surface. This work
investigated the effects of nano-silica (SiO-)
and xylene, as a nanoparticle (NP) and
solvent, respectively, on the viscosity of
heavy crude oil. Several variables were
considered to obtain a large reduction in
the oil viscosity to improve oil production,
including temperature, shear rate, the
weight fraction of xylene as a diluent, and
concentration of SiO2 NPs. A Brookfield
viscometer was applied to assess the
viscosity of crude oil, and it was found that
integrating NPs with solvent significantly
reduced the total viscosity of the oil to 32 cP
when NPs were used vs. 65 cP when the

solvent was added alone.
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1. INTRODUCTION

With the advancement of technology and the
exponential population growth, the demand for
energy worldwide has been constantly
increasing. In recent years, the petroleum
industry has become an important foundation
for the economic survival of countries, which
has led to a decline in petroleum resources from
conventional oil reserves. Hence, many
petroleum companies are interested in
researching unconventional reserves to use
them as an alternative energy supply. Most of
the world's heavy and extra-heavy oil reserves
are considered unconventional [1]. As is well
known, petroleum can be produced via the
primary recovery stage in which, hydrocarbons
using the pressure present in the reservoir are
naturally extracted. Then, the secondary
recovery stage starts, during which water and
gas are introduced into the well to force oil to
the surface while providing extra energy to
support the reservoir's capacity to keep
producing. After that, 60 to 80 % of the oil is
still inside the well. Thus, by applying some
techniques to change the rock fluid system, the
application of the tertiary recovery (Enhanced
Oil Recovery, or "EOR"), which represents the
final stage, might contribute up to 70% of the
initial oil in place (IOIP) to be retrieved [2-7].
Heavy oil represents most of the world's oil
reserves, ranging from nine to thirteen trillion
barrels. It is an appropriate alternative to
conventional oil (extracted by the reservoir's
natural pressure). These types of oil also
contain a large amount of asphaltenes and
other chemical components, including sodium,
nitrogen, and others, as well as higher viscosity
and density [8]. High viscosity is one of the
main characteristics of heavy oil that makes it
more difficult to explore and transport than
light oil. The high viscosity of heavy crude oil is
closely related to its chemical composition and
molecular structure due to the presence of a
large proportion of high-molecular-weight
components, leading to low mobility in porous
rocks [9]. Therefore, it is essential to find

practical technical techniques to enhance their
characteristics and increase oil recovery.
Reducing the viscosity using various methods
has become the main philosophy in searching
for economically viable options to enhance
production, mobility, and transportation, thus
meeting the market's expected production
volumes by Demirbas et al. [10] and Aristizabal-
Fontal et al. [11]. Furthermore, only three
mechanisms dominate retrieving oil from
reservoir rocks instead of using water alone.
The methods are divided into those that (a)
depend on a drop in oil viscosity, (b) depend on
the employment of a solvent for oil extraction,
and (c) depend on an alteration in the capillary
pressure and viscous forces between the crude
oil, displaced fluid, and the rock surface. The
EOR techniques are divided into the following
three groups: Chemical techniques, which
include injecting chemicals or surfactants;
thermal techniques, which involve injecting
heat; and miscible gas injection techniques,
which involve injecting a solvent [12].
1.1.Solvents

Recently, more attention has been paid to
solvents as a good scenario to reduce crude oil
viscosity for enhanced oil recovery [13, 14]. The
crucial benefit of viscosity reduction is that it
prevents pressure drop rises, lowers pumping
costs, and assists the downstream treatment
process steps of desalination and hydration
[15]. Experimentally, many types of solvents,
such as hydrocarbons, flue gas, and CO,, can be
applied to enhance oil recovery processes [16,
17]. In addition, another study conducted by
Mukhamatdinov et al. [18] employed aromatic
compounds such as toluene, benzene, and
Solvesso-150 (a blend of aromatic composition)
as solvents for enhanced heavy oil recovery. The
study found that adding aromatic compounds
to the oil resulted in the lowest viscosity
compared to the original oil. The effect of light
oil as a solvent on the viscosity reduction of the
heavy crude at room temperature has been
studied. It was found that adding 20 vol.% of
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light crude oil lowered the viscosity of the heavy
oil by about 90 %. According to Nourozieh et al.
[19], adding a minimal n-hexane to Athabasca
bitumen at various pressures and temperatures
enhances its mobility and significantly reduces
viscosity. Al-Zuhairi et al. [20] used toluene,
normal heptane, and a combination of various
toluene/n-heptane ratios as solvents to
examine their impact on the viscosity decrease
in crude oil. The findings revealed that when a
certain percentage of (5, 10, and 20 wt.% n-
heptane, toluene, and a mixture of different
ratios of toluene/n-heptane) were mixed, the
viscosity of crude oil reduced from 135.6 to
26.33 cP. Moreover, gas condensate has been
blended with various types of Brazilian heavy
crude oil with the API ranging from (13.7° to
21.6°) to illustrate its impact on the crude oil
viscosity. It was observed that a higher viscosity
reduction was obtained by adding 32 vol % of
solvent [21]. Additionally, the solvent can be
used with steam in the increased oil recovery
technique known as Steam-Assisted Gravity
Drainage (SAGD). The results showed that
introducing steam into the solvent in higher oil
recovery is achieved with the SAGD technology
than the traditional SAGD approach [22].
1.2.Nanomaterials

Nanotechnology is another technology that
greatly attracted researchers for application to
improving oil production. Several laboratory
tests have shown that the addition of nanofluid
improves oil recovery by altering the properties
of the fluid and rock/fluid, including
wettability, viscosity, and interfacial tension
(IFT). The nanoparticles have a very large
specific surface area, which increases
exponentially as the particle diameter
decreases [3, 23]. Among several types of
nanoparticles selected as heavy oil viscosity
reducers, including Fe;0,, Fe.O;, Al,O;, NiO,
CuO, ZnO, and their derivatives, silica
nanoparticles have received the most attention
recently and have shown good results [24, 25].
The effects of silica nanoparticles (SiO, NPs) on
rock surfactant adsorption were studied by
Yining Wu. The findings indicated that the
injection of SNP-surfactant solution increased
oil recovery by 4.68% compared to the standard
surfactant solution. His study also proved that
SNP is a cost-effective method for enhanced oil
recovery [26]. According to research conducted
by Alberto Bila, experimental results indicated
that different polymer-coated silica
nanoparticles (PSiNPs) could increase the
effectiveness of flood oil recovery when used as
saltwater injection additives for enhanced oil
recovery (EOR). Compared with the 56% OOIP
attained by the reference water flood, between

Table 2 Characteristics of the Solvent Xylene.

60% and 72% of the initial oil in place (IOIP)
was recovered as secondary nanofluid
processes. The tertiary recovery method
increased the additional oil production from
2.6% to 5.2% of the OOIP [27]. An experimental
study was conducted by Ngouangna [28] et al.
2020 to investigate the effect of SiO2 NPs
modified by (3 —Aminopropyl) triethoxysilane
(APTES) on EOR applications. The
performance of the modified nanoparticles in
changing the rock wettability into the water-wet
sandstone core was evaluated by utilizing the
Sessile Drop method. The findings revealed that
the oil recovery was enhanced to 75%
[28]. Another experimental research flooded
four various types of silica nanoparticles (which
mainly consist of silicon dioxide, aluminum
oxide (Al.Os), and mixed oxides (MOX)) that
were coated by methacrylate-based polymer
molecules into seawater. These results have a
significant role in understanding the
mechanisms of the polymer-coated NPs
injection in porous media through the EOR
processes. [29]. In the present study, various
concentrations of nano-silica (SiO.) NPs were
combined with different weight fractions of
xylene as a solvent to illustrate the effects of
several parameters, such as temperature, shear
rate, and the weight fraction of xylene. A high
reduction in the heavy oil viscosity was
obtained due to integrating NPs with solvent
compared with using solvent alone.
2. EXPERIMENTAL
2.1.Materials
The Amara oil field in southern Iraq provided
this study with a heavy crude oil sample. The
physical properties of the Amara oil are
presented in Table 1. The heavy oil supplied by
the local store was diluted using xylene, and the
characteristics of this solvent are listed in Table
2. Additionally, in this experiment, silicon
dioxide (SiO.) (also known as silica)
nanoparticles were acquired from local markets
(Trading Company, Jiangsu, China), which
were integrated with solvent (supplied from Al-
Doura refinery) and have the physical
characteristics shown in Table 3. The
nanoparticles were selected for this study due
to their substantial specific surface area, high
porosity, and favorable surface activity
compared to other NPs. Silicon dioxide is acid-
and water-resistant, in addition, to its economic
reason of being low cost. Furthermore, nano-
silica can be used effectively because it is inert
and does not chemically react with rocks [30].
Table 1 Physical Properties of the Amara Oil.

API? Density (gm/cm3)  Viscosity (cP)

16 0.979 135.6

Molecular weight Density
(gm/mole) (gm/cm3)

Viscosity (cP)

Boiling point Melting point  Flash point
K K K

106.17 0.68 0.812

410.91 225.75 302.15
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Table 3 Physical Properties of Nano-Silica.

Chemical Molecular weight  Density Particle Boiling Melting Surface area
formula (gm/mole) (gm/cm3) size (nm) point (K) point (K) (mz/gm)
SiO- 60.08 2.196 20 3223.15 1986.15 122.17

2.2.Sample Preparation

Several samples were used, starting with crude
heavy oil alone. Then, the heavy oil was
combined with various xylene concentrations
(5, 10, and 20 wt %). The crude oil and 20 wt %
xylene combination were then mixed with
different quantities of silica nanoparticles (10,
100, 500, and 1000 ppm). A 125 ml beaker-
sized sample was prepared for each processing
step. The sample was then agitated on a
magnetic stirrer for an hour to achieve a
homogenous mixing. Using a viscometer of type
Brookfield (USA) model DV-11, which is a
programmable viscometer equipped with a
temperature sensor and connected to the
computer, the viscosity of the samples was
measured under a wide range of shear rates of
(2 to 42 s1). The magnetic stirrer and the
viscometer used in the experiments are
presented in Fig. 1. The rheological parameters
were measured at a temperature of 298.15 K
prior to the tests. Additionally, several
temperatures of 298.15, 308.15, and 318.15 K
were considered to see how they affected the
crude oil viscosity.

Fig. 1 The Magnetic Stirrer and the
Viscometer of Type Brookfield Used in the
Experiments.

3.RESULTS AND DISCUSSION

Because of the high viscosity of heavy crude oil,
extracting such oil from reservoirs faces plenty
of challenges. Under typical reservoir
conditions, one of the major difficulties is that
oil does not readily come out to the surface.
Therefore, the primary target of decreasing
viscosity is to improve heavy oil production. In
this study, the oil sample was combined with
nano-silica particles and treated with various
solvent concentrations at varying temperatures
to investigate these parameters' effect on the
enhanced recovery of heavy oil. Integrating
nano-silica particles with solvent may enhance
several variables, including interfacial tension
and rock wettability, and significantly decrease
crude oil viscosity, increasing oil recovery. The
findings of these experiments are discussed
below:

3.1.Effect of Xylene Weight Fraction
Figure 2 shows the behavior of heavy oil
viscosity after blending xylene as a diluent in
various concentrations at a temperature of
298.15 K. It can be seen that the viscosity of
heavy oil without a diluent was decreased
slightly with the increase in shear rate, the
viscosity decreased from about 132.6 to 110 cP,
while blending organic solvent of various
concentrations has assisted in reducing the
viscosity of the oil, showing that viscosity
reduction increases with increasing diluent
concentration and shear rate. Figure 2 also
illustrates that the crude viscosity decreased
from about 132.6 to 102.3 cP when mixed with
5 wt% xylene, while the viscosity lowered to
89.2 cP when blended with 10 wt% xylene.
Furthermore, when 20 wt % of xylene was
integrated with crude oil, the oil viscosity
reduced to approximately 65.5 cP, indicating a
48% drop in viscosity. Most high molecular
weight materials in heavy crude oil, such as
waxes, asphaltenes, and resins, are responsible
for its high viscosity. Because of the dilution
caused by adding solvent to the heavy oil, the
viscosity of the heavy crude oil is reduced. The
results obtained are consistent with the
findings reported by Al-Zuhairi [20] and his
colleagues. Figure 3 displays the behavior of
crude oil viscosity regarding the relationship
between the degree of viscosity reduction
(DVR%) and shear rate. It has been observed
that the viscosity reduction increased with the
increase in weight fractions of solvent. The
findings revealed that 24.56 DVR % was
obtained by blending 5 wt % xylene with heavy
oil at a rate of 42 s while this value was raised
to 34.22 DVR % when crude oil was mixed with
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10 wt% xylene at the same shear rate. The
greatest viscosity reduction occurred at the
maximum xylene value of 20 wt% for all shear

rate values. Structure formation within the
diluents at a specific shear rate is believed to
cause the viscosity reduction.

140
I Crude Ol
I 5 v % Xylenes
lenes
120 4 [ 20 wt % Xylene
100 4
a
L g0
2
‘D
8 60
2
>
40 <
20 4
o4
2 4 1113 16 21 26 32 37 40 42

Shear Rate (1/s)
Fig. 2 The Behavior of Heavy Oil at Various Xylene Weight Fractions.

60
I Crude Oil
1 Il 5 wt % Xylenes
[ 110wt % Xylenes
50 [ 20 wt % Xylenes
40
xR
230
14
=
(a]
20
10
04

2 4 1113 16

21

26 32 37 4042

Shear Rate (1/s)
Fig. 3 Reduction in Viscosity of Heavy Oil at Different Xylene Weight Fractions.

3.2.Effect of Nanoparticle
Concentrations

Moreover, since the results obtained from Figs.
2 and 3 revealed that blending 20 wt % of xylene
with crude oil resulted in the highest viscosity
reduction; therefore, this percentage was taken
and combined with different nanomaterials
concentrations in the form of silica
nanoparticles (SiO.) NPs. This integration aims
to investigate the impact of Nanoparticle-
Enriched solvents on enhanced oil recovery. In
the present study, four nano-silica samples
were blended with 20 wt % xylene to analyze the
crude oil viscosity behavior and compare it with
pure heavy crude oil. Figure 4 presents the
effect of different concentrations of SiO. NPs
dispersed in 20 wt % xylene as a diluent on

decreasing the viscosity of heavy oil. From
Figure 4, it is distinctly observed that increasing
the concentrations of SiO. NPs in xylene led to
a decrease in the viscosity of the crude oil. This
behavior can be explained by the adsorption
ability of SiO, NPs towards asphaltene; thus,
the interaction between asphaltene and NPs is
better than between asphaltene and asphaltene
in crude oil [11]. The dispersion of NPs in the oil
phase occupies a larger area, which weakens
electrostatic bonds among the asphaltene
atoms, decreasing the viscosity of the crude oil
[31]. It can also be noticed from Figure 4 that
the viscosity decreased from 106.5 cP to a range
from 53.5 to 43.79 cP after blending heavy oil
with 20 wt % xylene and 10, 100, and 500 ppm,
respectively. An even greater lowering in the oil
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viscosity reached 31.9 cP by adding 1000 ppm
SiO. NPs to 20 wt % of xylene mixing with pure
oil. Figure 5 shows how improvements in the
percentage of viscosity reduction (DVR) were
made by altering the concentration of the
nanoparticles inside a specific weight percent of
solvent as well as shear rates. According to the
experimental findings, at the highest
concentration of silica NPs, the reduction in oil
viscosity was maximized. In contrast to crude
oil alone, the heavy hydrocarbon viscosity was
drastically reduced at 1000 ppm of
nanomaterials. Additionally, an oil sample
treated with 20 wt % xylene and 1000 ppm SiO2
NPs was examined using a range of shearing
rates from (2 to 42 s?). The viscosity of the
heavy oil was found to be considerably
impacted by temperature, as seen in Figure 6,
which illustrates the relationship between shear

upon increasing the temperature from 298.15 K
to 318.15 K. Moreover, when the molecules in a
solvent move more quickly, they interact with
the solute molecules more frequently and with
greater force, which usually leads to more
dissolution. = However, since  different
substances are composed of different atoms,
ions, or molecules, increased temperature will
affect their solubility to varying degrees. On the
other hand, as seen in Figure 7, the DVR%
considerably increased as the temperature rose.
Figure 6 shows that with 20 weight percent
xylene and 1000 ppm, the viscosity DVR%
decreased from about 42.8% at 298.15 K to
about 82.01% at 318.15 K. As stated by Bera and
Kumar [32], heavy oil thermal cracking in the
presence of nanoparticles enhances the
characteristics of crude oil by reducing oil
viscosity, upgrading heavy oil, and eliminating

rate and temperature. Specifically, a contaminants present in the oil.
considerable decrease in viscosity was observed
120
[l 20 wt.% Xylenes with 10 ppm SiO,
Il 20 wt.% Xylenes with 100 ppm SiO,
120 wt.% Xylenes with 500 ppm SiO,
100 I 20 wt.% Xylenes with 1000 ppm SIO,
80 I
Q.
3 4
.*? 60 I I
' 60 -
o
[&]
2 i
>
40 | ]
20 -
04 -
2 4 1113 16 26 32 37 4042

Shear Rate (1/s)

Fig. 4 Viscosity Reduction of Crude Oil Including 20% Xylene at Various Concentrations of Solvent.
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jé_ 50 'l -
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Fig. 5 The Reduction Degree in the Viscosity of Heavy Oil Treated with 20% Xylene at Different
Concentrations of Solvent.
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Fig. 6 The Oil Viscosity Behavior Treated with 20% Xylene and 1000 ppm Nanoparticles
Concentrations.
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Fig. 7 The Weight Percent of Oil Viscosity Reduction Processed with 20% Xylene and 1000 ppm
Concentration of Nano-Silica.

4.CONCLUSIONS

This work employed many experimental tests to
analyze and comprehend the effects of silica
nanoparticles (NPs) on the viscosity reduction
of heavy crude oil when combined with
different xylene concentrations as a solvent to
improve oil recovery. This study has considered
the impact of various parameters such as
temperature, shear rate, and concentration for
solvent and nanomaterial. The findings
detected that the crude viscosity was reduced to
about 63 cP when different concentrations of
just solvent were used to dilute the crude oil.
Compared to the solvent alone, the lowering of
the heavy oil's viscosity significantly increased
when different concentrations of the solvent
were combined with various concentrations of
nanoparticles. An even greater reduction in oil
viscosity was achieved by adding 1000 ppm
SiO. NPs to 20 wt % xylene mixed with pure oil,
resulting in a viscosity of around 32 cP.
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NOMENCLATURE
Acronym Meaning
DVR Degree of Viscosity Reduction
EOR Enhanced Oil Recovery
IFT Interfacial Tension
101P Initial Oil in Place
NPs Nanoparticles
OOIP Original Oil in Place
PSiNPs Polymer-Coated Silica Nanoparticles
SAGD Steam-Assisted Gravity Drainage
SNP Silica Nanoparticles
REFERENCES

[1] Aziz H, Tunio SQ.Enhancing Oil
Recovery Using Nanoparticles—A
Review. Advances in Natural Sciences:
Nanoscience and Nanotechnology 2019;
10(3): 033001.

jTikrit Journal of Engineering Sciences | Volume 32 | No. 1! 2025

roze Al



https://tj-es.com/

? Muayad M. Hasan, Firas K. Al-Zuhairi, Anfal H. Sadeq, Rana A. Azeez, et al. / Tikrit Journal of Engineering Sciences 2025; 32(1): 1783. :‘

[2] Ahmad MA, Samsuri S, Amran
NA. Methods for Enhancing
Recovery of Heavy Crude
Oil. In: Processing of Heavy Crude Oils-
Challenges and Opportunities. London:
IntechOpen; 2019.

[3] El-Diasty A, Khattab H, Tantawy
M. Application of Nanofluid
Injection for Enhanced Oil Recovery
(EOR). Journal of University of
Shanghai for Science and
Technology 2021; 23(8): 1007-6735.

[4] Belyaev SS, Borzenkov IA, Nazina TN,
Rozanova EP, Glumov IF, Ibatullin RR,
Ivanov MV. Use of Microorganisms in
the Biotechnology for the
Enhancement of 0il
Recovery. Microbiology 2004; 73: 590-
598.

[5] Hasan M, Rigby S. Enhanced Recovery
of Heavy Oil Using a Catalytic
Process. IOP Conference Series:
Materials Science and Engineering 2019;
700: 012034.

[6] Van Hamme JD, Singh A, Ward
OP. Recent Advances in Petroleum

Microbiology. Microbiology and
Molecular Biology Reviews 2003; 67(4):
503-549.

[7] Hasan MM. Various Techniques for
Enhanced 0Oil Recovery: A
Review. Iraqi Journal of Oil and Gas
Research 2021; 2(1): 1-15.

[8] Hasan MM. Enhanced Recovery of
Heavy Oil Using a Catalytic
Process. Ph.D. Thesis. University of
Nottingham; 2018.

[9] Zareei D, Kostarelos K, Ren Z. Sodium
Nanofluid for Efficient Oil Recovery
in Heavy Oil and Oil Sand
Reservoirs. Soft Science 2021; 1(2): 8.

[10] Demirbas A, Bafail A, Nizami A-S. Heavy
Oil Upgrading: Unlocking the
Future Fuel Supply. Petroleum Science
and Technology 2016; 34(4): 303-308.

[11] Aristizabal-Fontal JE, Cortés FB, Franco
CA. Viscosity Reduction of Extra
Heavy Crude Oil by Magnetite
Nanoparticle-Based Ferrofluids.
Adsorption Science and Technology 2018;
36(1-2): 23-45.

[12] Kokal S, Al-Kaabi A.Enhanced Oil
Recovery: Challenges and
Opportunities. World Petroleum
Council: Official Publication 2010; 64:
64-69.

[13] Khammar M, Xu Y.Batch Solvent
Extraction of Bitumen from Oil
Sand. Part 1: Theoretical
Basis. Energy and Fuels 2017; 31(5):

4616-4625.
[14] Hasan MM, Al-Zuhairi FK, Sadeq AH,
Azeez RA. Assessment of

Nanoparticle-Enriched Solvents for
Oil Recovery Enhancement. Fluid
Dynamics and Materials
Processing 2023; 19(3): 567-582.

[15] Martinez-Palou R, de Lourdes Mosqueira
M, Zapata-Rendén B, Mar-Juirez E,
Bernal-Huicochea C, de la Cruz Clavel-
Lopez J, Aburto J. Transportation of
Heavy and Extra-Heavy Crude Oil by
Pipeline: A Review.Journal of
Petroleum Science and Engineering 2011;
75(3-4): 274-282.

[16] Li S, LiZ, Sun X. Effect of Flue Gas and
n-Hexane on Heavy Oil Properties in
Steam Flooding Process. Fuel 2017;
187: 84-93.

[17] Al-Khdheeawi EA, Mahdi DS, Hasan
MM. Reservoir Scale CO2-Water-
Rock Interactions and Geochemical
Evolution of Sandstone Reservoirs
Due to CO2 Geo-Storage
Process. AIP Conference Proceedings
2022; 2437: 020001.

[18] Mukhamatdinov II, Salih IS, Khelkhal
MA, Vakhin AV. Application of
Aromatic and Industrial Solvents
for Enhancing Heavy Oil Recovery
from the Ashalcha Field. Energy and
Fuels 2020; 35(1): 374-385.

[19] Nourozieh H, Kariznovi M, Abedi
J.Viscosity = Measurement and
Modeling for Mixtures of Athabasca
Bitumen/Hexane. Journal of
Petroleum Science and Engineering 2015;
129: 159-167.

[20]Al-Zuhairi FK, Azeez RA, Jassim
MK. Artificial Neural Network
(ANN) for Prediction of Viscosity
Reduction of Heavy Crude Oil Using
Different Organic Solvents. Journal
of Engineering 2020; 26(6): 35-49.

[21] Bassane JFP, Sad CM, Neto DM, Santos
FD, Silva M, Tozzi FC, Filgueiras PR, de
Castro EV, Romao W, Santos MF, da Silva
JOR.Study of the Effect of
Temperature and Gas Condensate
Addition on the Viscosity of Heavy
Oils. Journal of Petroleum Science and
Engineering 2016; 142: 163-169.

[22] Mohan V, Su Y, Wang J, Gates ID. Rich
Solvent-Steam  Assisted Gravity
Drainage (RS-SAGD): An Option for
Clean 0il Sands Recovery
Processes. Cleaner Engineering and
Technology 2022; 8: 100463.

[23] Olayiwola SO, Dejam M. Effect of Silica
Nanoparticles on the Oil Recovery
During Alternating Injection with
Low Salinity Water and Surfactant
into Carbonate Reservoirs. SPE
Annual Technical Conference and
Exhibition 2020; SPE-201454-MS.

jTikrit Journal of Engineering Sciences | Volume 32 | No. 1! 2025

Ty <



https://tj-es.com/

? Muayad M. Hasan, Firas K. Al-Zuhairi, Anfal H. Sadeq, Rana A. Azeez, et al. / Tikrit Journal of Engineering Sciences 2025; 32(1): 1783. :‘

[24]Ke H, Yuan M, Xia S.A Review of
Nanomaterials as Viscosity Reducer
for Heavy Oil. Journal of Dispersion
Science and Technology 2022; 43(9):
1271-1282.

[25]Zahiri MG, Esmaeilnezhad E, Choi
HJ. Effect of Polymer—Graphene-
Quantum-Dot Solution on Enhanced
0Oil Recovery Performance. Journal
of Molecular Liquids 2022; 349: 118092.

[26]Wu Y, Chen W, Dai C, Huang Y, Li H, Zhao
M, He L, Jiao B. Reducing Surfactant
Adsorption on Rock by Silica
Nanoparticles for Enhanced Oil
Recovery. Journal of Petroleum Science
and Engineering 2017; 153: 283-287.

[27]1Bila A, Stensen JA, Torsater
O. Experimental Investigation of
Polymer-Coated Silica
Nanoparticles for Enhanced Oil
Recovery. Nanomaterials 2019;  9(6):
822,

[28]Ngouangna EN, Manan MA, Oseh JO,
Norddin MM, Agi A, Gbadamosi
AO. Influence of (3—Aminopropyl)
Triethoxysilane on Silica
Nanoparticle for Enhanced Oil
Recovery. Journal of  Molecular
Liquids 2020; 315: 113740.

[29]Bila A, Torsazter O.Enhancing Oil

Recovery with Hydrophilic
Polymer-Coated Silica
Nanoparticles. Energies 2020; 13(21):
5720.

[30]Ibraheem BM, Aani SA, Alsarayreh AA,
Alsalhy QF, Salih IK. Forward Osmosis
Membrane: Review of Fabrication,
Modification, Challenges and
Potential. Membranes 2023; 13(4): 379.

[31] Taborda Acevedo EA. Viscosity
Reduction of Heavy Crude Oil
Through the Addition of Nanofluids
on the Non-Thermal Process. Ph.D.
Thesis.  Universidad Nacional de
Colombia; 2017.

[32]Bera A, Kumar S.Applications of
Magnetic Nanoparticles in Thermal
Enhanced Oil Recovery. In:
Fundamentals and Industrial
Applications of Magnetic Nanoparticles.
Amsterdam: Elsevier; 2022: 527-553.

jTikrit Journal of Engineering Sciences | Volume 32 | No. 1! 2025

TRy o



https://tj-es.com/

