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Abstract

In the last few years, some literature deals with oil viscosity reduction using nanoparticles. These nanoparticles will act
as a catalyst during steam injection. In this research, seven different nanoparticles types investigated to study their effect
on crude oil viscosity reduction. These nanoparticles comprise Potassium Aluminum Sulphate, Nickel oxide, Zeolite,
Silica, Ferric oxide, Tungsten trioxide, and montmorillonite, with a particle size of 5 nm. Each nano solution was prepared
in four different concentrations (0.005, 0.01, 0.1 and 1 wt. %). Flooding displacements carried out through the sandpack
model using nanofluids and Egyptian crude oil of 30.7 API that was extracted from the Western Desert. After
conventional brine flooding, the crude oil viscosity was measured to be 6.429 cp. While viscosity of the same crude oil
was found to be 2.844 cp, 2.05 cp, 2.02 cp, 1.897 cp, 0.989 cp, 0.9612 cp and, 0.949 cp after flooding with Nickel oxide,

montmorillonite, Fe203, Potassium aluminum sulfate, zeolite, tungsten trioxide, and nanosilica respectively.
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Introduction

In the past few years, some changes were noticed in
the way in which crude oil is extracted all over the global
market. As in Latin America, the production of crude oil
was increased by approximately 4.4 MM bbl/day. About 1
MM bbl/day out of this production growth, was produced
by the upgrading of crude oil properties from Venzuela
[1]. Alomair, et al. [2] stated that there is a noticeable
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effect of nanoparticles floodings like SiOz, NiOz, and
tungsten trioxide, on the alteration of crude oil interfacial
tension and viscosity [3]. Nanoscale of any particle type
has shown their ability in the change of its chemical and
physical properties due to the difference between the
particles at their naturally occurring size, and those at the
nanoscale size. In other words, nanoparticles of a certain
material can have a totally different behavior than the
material in its natural size [1]. The use of nanotechnology
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was commonly needed in the downstream industry [4]
since nanoparticles can reduce oil viscosity, minimize
interfacial tension and alter rock wettability [5,6]. For the
optimum nanofluid displacement, the nanoparticles
concentration should exceed the critical micelle
concentration (CMC), in order to decrease the interfacial
tension and increase the oil recovery factor [7,8]. Crude
oil viscosity greatly effects on reservoir primary
production. Therefore, decreasing the crude oil viscosity,
increase the oil mobility and consequently improves oil
recovery factor. The main reason for increasing the
viscosity of crude oil is the reactions between the clusters.
These micelle-like clusters are the product of the
asphaltenes molecules agglomeration inside the crude oil.
Crude oil viscosity reduction can occur when the clusters
reactions stop by breaking the agglomeration between
asphaltenes molecules. One of the recommended
solutions is reducing the crude oil viscosity by adding
kerosene to the oil. By the way, it was widely assumed
that kerosene does not break the asphaltenes molecules
agglomeration. However, kerosene has shown its role as
an effective diluents [9]. Nanoparticles have the ability to
break down the agglomeration between the asphaltenes
molecules and reduce the crude oil viscosity [10]. A series
of chemical reactions have shown a noticeable
performance for decreasing the crude oil viscosity. Clark
et al. [11] stated that the addition of nanometals to the
process of thermal hydrocarbon recovery can guarantee a
more reduction in the oil viscosity when it is compared
with steam injection only. However, there is not a possible
way to combine these nanoparticles with the steam
injection till now. Accordingly, this research assumes that
the best applicable method to investigate the effect of
nanoparticles on the crude oil viscosity is to measure the
oil viscosity after being exposed to nanofluid
displacement [12]. Wettability alteration or the change of
the formation surface from oil wet to water wet has a
great enhancement to the oil recovery. Due to the
changing of the relative permeability, fluid distribution
and flow behavior [13]. Some nanoparticles have
approved their ability on changing the surface from
hydrophobic to hydrophilic. In other words, some of the
nanoparticles can change the surface properties from
repelling water, to attract water and repelling oil instead
[6]. Accordingly, the electrostatic repulsion between oil
and formation is noticed to be much higher during the
existence of some nanoparticles. Which in turn increase
oil recovery [13]. In this research, we investigate the
effect of nanoparticles flooding on the oil recovery factor.
The used nanoparticles including; Zeolite, tungsten
trioxide, montmorillonite, Fe203, Silica oxide, NiO and
Potash Aluminum Sulfate. Each nanofluid prepared in four
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different concentration (0.005, 0.01, 0.1 & 1 wt%).
Conventional water flooding case was considered as the
base run, four different concentrations for seven different
types of nanoparticles including 28 different displacing
studies were compared to the conventional waterflooding
case. The point of comparison was the effect of each case
on oil recovery. Properties of flooded oil were also
measured to investigate the nanoparticles effect on oil
viscosity reduction and recovery factor.

Experimental

Preparation of Brine

Sodium chloride (NaCl) was used for preparing brine
with a concentration of 35,000 ppm. This brine was then
used for initiating sand pack where the sand pack was
firstly saturated with brine and then crude oil displaced
the brine to imitate reservoir-like conditions. Moreover,
brine was used for preparing the displacing nanofluid
solution through sonication process for 2-3 hours.

Equipment and Characterization

The density of the fluids measured by Pycnometer.
While Chandler rolling ball viscometer used to measure
the viscosity of the fluid. Finally, Tensiometer was used to
measure the interfacial tension. The density of crude oil
was measured to be 0.8 g/cc and (API= 30.7). The
interfacial tension between crude oil and brine was
measured to be 47.9 dyne/cm. While the viscosity was
measured to be 6 cp for the crude oil. However, the
viscosity of water was measured by the rolling ball
viscometer to be 1.584 for water.

Sand Pack Model and Flooding Tests

Flooding tests generated through the one-dimensional
sandpack model as depicted in Figure 1. The model
dimensions summarized in Table 1. The technique carried
out according to the following steps;

Model Packing and Fluid Saturation: Firstly the model
filled with the sand and packed well, then flooded with
brine till saturation and aged for 3 days. After that, oil
displaces the brine until the water cut becomes less than
1%. Accordingly, the amount of displaced brine is the
same amount of the initial oil in place for this case [14-
17]. The calculations of porosity, permeability, initial oil,
and water saturation, as well as residual oil saturation,
are reported elsewhere [18].
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Waterflooding: The base run case involves brine
injection to displace the oil and this simulates the
conventional water flooding scenario. The amount of oil

displaced by brine was measured to determine the oil
recovery factor. Then, viscosity and interfacial tension of
the displaced oil was measured.

Figure 1: Linear sandpack model.

Injection of Nanofluid: After constructing the
conventional water flooding as a reference case, each
nanofluid was injected in four different concentrations
(0.005, 0.01, 0.1,1 wt %). The oil recovery of each case
was determined along with measuring displaced oil
viscosity. Accordingly, the reason behind the change,
whether an enhancement or reduction) in oil recovery for
each case, was identified due to changes in oil viscosity.

Properties Value
Internal diameter, cm 6
Length, cm 15
Bulk volume, cc 424
Pore volume, cc 119
Average Porosity, % 28
Average absolute permeability, MD 632

Table 1: Dimensions and properties of the sandpack
model.
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Results and Discussion

Results of Crude 0il Viscosity

The first method of studying the effect of nanoparticles
on reduction of the crude oil viscosity, is to measure the
oil viscosity for each case after exposing to nanofluid
displacement as shown in Figure 2, which indicate that by
increasing the concentration of nanoparticles inside the
nanofluid up to 1 wt %, this lead to further reduction in
the crude oil viscosity. This behavior may resort to; 1)
adsorptive capacity of the nanoparticles toward
asphaltenes, so the interaction of asphaltene-nanoparticle
becomes greater than that of asphaltene-asphaltenes in
crude oil which in turn reduce viscosity [19]; 2) by
scattering the nanoparticles in the oil phase they occupy
more space and foster greater contact with the presented
asphaltenes, so decrease electrostatic associations
between asphaltenes which in turn reduce oil viscosity
[20]; 3) nanoparticles possess higher selectivity toward n-
C7 asphaltenes, so generate a high reduction in the size of
the asphaltenes aggregates present in the liquid medium
[21].
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Figure 2: Viscosity reduction% vs nanoparticles type and concentration.
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Figure 3: Change in oil recovery % vs nano type and concentration.
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Economical Profile

To find whether the need for this recovery mechanism
is applicable or not. The net present value for the total
project has to be estimated. First, the initial oil in place for
a field is assumed to be 100 MM STB and the field will
produce from 4 production wells with the same decline
rate. Also, the number of years for production is assumed
to be 10 years. Moreover, drilling and production
operational cost is assumed to be 25 million dollars

considering the cost of flooding operations. More and
more, a discount factor of 10% is also assumed. All the
previous assumptions were applied to all cases. However,
the only variable now is the cost and concentration of
nanoparticles that differ for each type. Therefore, by
considering the PV injected to reach the optimum oil
recovery using this mechanism, now the cumulative net
present value for the total project can be calculated as
shown in Figure 4.

NPV (§)
Brine W

Zeolite 0,005 wily M
W03 1 wibp

WO3 0,01 wily —
Potash Alum, Sulphate 0,005 wt §p mm

Zeolite 1 wilp =
W03 0.1 wtily -

Zeolite 0,071 wiGp M——
W03 0.005 il

Zeolite 0.1 wibp

Potash Alum. Sulphate 0.01 wt Gp W
Potash Alum. Sulphate 0.1 wt Gf
Potash Alum. Sulphate 1wt G =8

NiQ 0.005 wity
NiQ 0.01 wiby m—

Naneo type and concentration

Figure 4: Nano type and concentration vs NPV.
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Conclusion

Nanoparticles can reduce crude oil viscosity due to
their ability to break down the agglomeration of
asphaltenes molecules inside the oil. Zeolite, tungsten
trioxide and silica have shown a crude oil reduction
percentage of more than 80% with a nanofluid
concentration of 1 wt%. Nano silica flooding has the best
result in reducing viscosity. Nano silica with
concentration 0.005 wt % leads to 15% viscosity
reduction, 0.01 wt % leads to 33% viscosity reduction,
0.1% leads to 41% viscosity reduction and finally 1 wt%
leads to 54% viscosity reduction. Therefore, it is assumed
that increasing nanoparticles concentration from 0.005
wt % to 0.01 or 0.1 wt % lead to a reduction in oil
viscosity for all nanoparticles. Continual increasing of
nanoparticles concentration by 1 wt % will decrease oil
viscosity but slightly improvement will occur for this
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concentration. However, this does not guarantee to
increase the oil recovery as the relatively high
nanoparticles concentration will plug the pore spaces
leading decreased oil recovery. Also, this research stated
that the use of nano silica flooding has an oil recovery
more than 80% and it also has the best net profit present
value.
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