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a b s t r a c t

Formation damage due to fines migration is a major reason for well productivity decline for oil and gas
wells. Formation fines are small enough to pass through pore throats causing pore plugging and
permeability decline. Different factors affect fines migration such as flow rate, salinity, pH value, reser-
voir temperature and oil polarity, as well as changes in chemical environment induced by Enhanced Oil
Recovery (EOR) agents. This paper focuses on the effect of flow rates on fines detachment from the grain
surfaces, which causing permeability reduction. As the fluid inside the reservoir moves towards the
wellbore, the fluid velocity increases, when the fluid reaches the critical flow rate these fines can be
picked up into the fluid. These fines captured by thinner pore throats causing pore plugging and
permeability reduction. Different concentrations of nanoparticles were used to fix these fines on their
sources and prevent their mobilization at high flow rates. The unique technique used in this study is
changing the potential surfaces between fines and grain surfaces to prevent fines movement above the
critical flow rate. SiO2 and MgO NPs used in this study can be adsorbed on the pore surfaces and reduce
the repulsion forces between fines and pore surfaces. SiO2 and MgO nanoparticles at different concen-
trations (0.25, 0.50 and 0.75 g/L) were used on treating the Abu-Rawash sandstone reservoir using
Formation Damage System Cell FDS-350. The experimental studies showed that using MgO NPs would
prevent fines detachment from the pore surfaces and decrease the reduction of permeability at high flow
rates more than SiO2 NPs. The optimum concentration of MgO NPs was at 0.5 g/L as the permeability
remediation at this concentration reaches to 64.83%.

© 2020 Southwest Petroleum University. Publishing services by Elsevier B.V. on behalf of KeAi
Communications Co. Ltd. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The term Formation Damage is known as a decline in well
productivity. Formation Fines are defined as any loose or uncon-
solidated particles in the pore space of the porous media. The for-
mation damage mechanism related to fines migration includes the
surface attachment, pore-throat bridging or straining and infiltra-
tion sedimentation [1]. These fines are small enough to pass

through 400 U S mesh screen or pore throats [2,3]. They are usually
smaller than 37 mm, which can easily migrate with the fluid flow in
sandstone reservoirs causing pore plugging and permeability
declination [4]. These particles can be classified as clay or non-clay
particles, also as charged or non-charged particles either deposited
naturally with rock sediments over geologic times or introduced
through complex drilling and completion processes.

Lemon et al. [5] reported that the change of salinity of the pore
fluid is themain chemical mobilization of fines in oil reservoirs. The
contact between fresh water and clay-containing formation can
make clays expand, migrate and plug so fines might be released
easily [6]. Sometimes the decreasing salinity of in-situ fluids in-
creases the pH value. Once the pH increases, it can dissolve the
silica cement causing more fines which will create fine migration
[1].

Khilar et al. [7] reported that the first factor that effects fines
movement is the salt concentration of both the fluid and the
composition. They performed a critical salt concentration (CSC)
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which was 4125 ppm and showed that the injected fluid concen-
tration must be higher than the CSC value to prevent the perme-
ability reduction. Furthermore, other studies stated that higher
flow rate and lower pH values are also the reason for permeability
reduction [8e11].

The fluid inside the reservoir moves towards the wellbore, the
fluid velocity increases what is more at a critical velocity these fines
can be picked up into the fluid and move with it. These fines are
captured by porous media and block the pore throat area causing
plug of the flow path which leads to productivity decline as shown
in Fig. 1. This work discusses the effect of flow rates on fines
migration and use unique techniques to prevent fines mobilization
at high flow rates.

Faergestad [12] stated that Clay particles found in the reservoir
rocks such as smectites, kaolinites and iolites become unstable as a
result of swelling or expansion of lattice space of a clay particle, at
low-saline water or fresh water. Clay minerals can expand and in-
crease in volume up to 20 times of their original volume through
adsorption of water layers between their unit cells. The negative
charge nature of clay minerals will attract positive ions to align
them around the clay plate. Clay lattice cations will exchange places
with water solution cations. Clay lattice cations are initially equi-
librium with those in surrounding water. As a result of salinity
change, the cations exchange process occurs and cause clay parti-
cles to swell or break apart and dispersed within the fluid and plug
the pore throats.

Khilar et al. [14] reported that the hydrodynamic force resulted
at high fluid flow rate is the main factor on fines migration.
Groesbeck and Collins [15] studied first the permeability decline
above the critical flow rate. They stated that to overcome formation
damage due to fines migration, the fluid flow rate must be kept less
than the critical flow rate.

There are different surface forces affected on the detachment of
fines and their release from the pore surface, for example, London
Vander Walls attraction, double layer, born repulsion and hydro-
dynamic forces. When the total interaction energy between fines
and pore surface becomes positive, that demonstrates repulsive
force are bigger than attractive forces and detachment of fines
would take place [16,17].

Nanotechnology has been widely used in recent years in oil and
gas industry. Nanoparticles have a high surface-to-volume area
which gives it the ability to exist in the small pore throats without
changing the porosity and permeability of the formation [18].
Recently nanoparticles has been used to control fines migration.
Huang et al. [19] treated the proppant particles by the use of
nanofluids to reduce the fines migration. He mentioned that using
Nano silica in the propping packs strengthen the attractive forces
and fixes the suspended fines in the porous media.

Reza et al. [20] reported that using Nano silica with different
concentrations can increase the critical flow rate and reduce the
fines migration.

Abhishek et al. [21] studied the effect of Nano silica on modi-
fying the surface of Berea sandstone on controlling fines migration.
Three types of Nano silica were used in the experimental work,
silica with a stabilizer (3-Mercaptopropyl Trimethoxy silane) and
sulfonate-functionalized silica. The results showed that silica NPs
could reduce the fines migration and improve water injectivity in
the Berea sandstone.

Ahmadi and Habibi [17,22,23] investigated the effects of SiO2,
MgO and Al2O3 nanoparticles on fines migration. The results
showed that MgO NPs could control fines movement at different
flow rate more than other nanoparticles used. Assef et al. [24]
reported that using MgO nanoparticles have the ability to control
fines migration which can minimize the formation damage due to
fines migration problem. Rozo et al. [25] Suggested a new tech-
nique for utilizing a non-acid based fluid namely fines migration
control agent to mitigate the formation damage resulting from
fines migration to address the conventional acidization job
limitations.

Wang et al. [26] studied the effect of the temperature on fines
migration during water disposal. They applied three different
temperatures on Berea sandstone, 25 �C, 50 �C and 70 �C. The re-
sults showed that increasing the temperature leads to overcome
the finesmigration problem. High temperatures increase Ca ions on
water which leads to dissolution of carbonate minerals increasing
pore throats as a result increasing the permeability.

The objective of this work is to study the modification sur-
faces of Abu Rawash sandstone by the adsorption/adhesion of
Magnesium oxide and silica dioxide NPs to reduce fines migra-
tion and colloid facilitated transport in porous medium. This
work uses a unique technique on modifying Abu Rawash sand-
stone by the adsorption of SiO2 and MgO nanoparticles which
was confirmed by the Scanning Electron Microscope (SEM) im-
aging. The unique technique used in this work is changing the
potential surfaces between fines and grain surfaces to fix these
fines at their sources to prevent fines movement above the
critical flow rate. The nanoparticles can be adsorbed on the pore
surfaces and reduce the repulsion forces between fines and pore
surfaces. Using nanoparticles with extremely high surface areas
is suitable choice for fixate formation fines mobilization and
changing the potential surface. The nanoparticles used in this
study were on the order of average 10 nm (SiO2 ranges from 5 to
15 nm and MgO ranges from 30 to 40 nm) because of their small
size compared with the pore throats size, nanofluid does not
have any effect on blockage of pore throats or reservoir
permeability.

Fig. 1. Blockage of the pore throat area by fines migration [13].
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2. Experimental work

Two types of Nanofluids with different concentrations were
investigated. The dynamic adsorption/desorption of the NP was
addressed by continuous monitoring of the permeability reduction.
It was found that using Magnesium oxide NPs reduces fines
migration and control the fines movement at high flow rates more
than using Silica NPs.

For the determination of rock properties using the smaller
samples (core plugs) and the core plug sample refers to a smaller
portion of thewhole core sample. A core plug sample is obtained by
cutting cylindrical plugs of typically 1.0 or 1.5 inches in diameter
and of lengths up to 2.5 inches from a whole core.

The results of Helium porosity and absolute permeability values
are shown on Table 1. The porosity for six core plug samples used in
this work ranges from 21.40 to 23.34%, as well as the absolute
permeability were measured ranges from 335.12 to 645.74 mD.

2.1. Materials and methods

Two different types of nanoparticles were used in this study.
First type was the Silicon dioxide NPs (637,246 Aldrich) which was
acquired from Sigma Aldrich, the Silica NPs had particle size of
5e15 nm (spherical, porous). The other type of NPs used was the
Magnesium oxide Nano powder (549,649 Aldrich) and it was ac-
quired from Sigma Aldrich; the Magnesium oxide powder had
particle size of 30e40 nm. Abu Rawash sandstone cores used in this
workwere acquired fromNorthWestern Desert of Egypt. The crude
oil was acquired from Corex Egypt Company with density
0.8400 gm/cc and viscosity of 5.88 cp.

The X-ray diffraction (XRD) andmineral composition of the used
cores listed in Table 2 were performed at Central Laboratories
Sector of the Egyptian Mineral Resources Authority. The nanofluid
preparation was done using ultrasonic processor UP400S (400 W,
24 kHz) at Corex Company labs. Scanning Electron Microscope
(SEM) imaging of the studied cores saturated with the nanofluids
was performed at Nanotechnology Research Center (NTRC) at The
British University in Egypt.

2.2. Practical work

Silica and Magnesium NPs were dispersed in deionized water at
different concentration using a magnetic stirrer at 400 RPM for
30 min, and then probe sonication was applied using an ultrasonic
processor to prevent agglomeration of the Nano-powder and
disperse it. Sonication was performed for 120 min (50% amplitude
and 0.5 pulse) with breaks every 15min to avoid overheating. Three
different concentrations of nanofluids were prepared for each type
of NPs. Two types of NPs with different concentrations were used in
this study. Firstly, Silica NPs followed by the Magnesium NPs.

The core samples were saturated with different concentrations
of Nano-fluids. The Ofite PCS 340 Core Saturator was used in the
saturation tests. It is designed to fully saturate a core sample before

starting a permeability test. This reduces the time required to reach
steady state conditions and increases the accuracy and reproduc-
ibility of the test results.

The core flooding test was injected to determine the critical
fines mobilization rate based on permeability measurements and
key formation damage properties; it is designed to examine the
effect of fines migration caused by high production flow rates. The
FDS-350 for formation damage evaluation system was used to
determine the extent of any process that may damage the forma-
tion in the wellbore area, this system can be configure for flow
damage assessments as well as return permeability. Core flow can
be direct through several paths: injection and production (forward,
reverse). Core flood tests through FDS-350 system is shown in the
schematic setup shown in Fig. 2.

The features of FDS-350 are that it has a complete computer-
interfaced system for performing formation damage and remedi-
ation tests at reservoir condition, easy to use hydrostatic-load core
holder, also forward and reverse flow capabilities for formation
damage remediation testing. The ability to reverse flow through the
core sample allows the investigation of “lift off” flow rates and the
effect on producing permeability of completion fluids and return
permeability investigations.

Laboratory formation damage tests are usually performed by
axially injecting the damaging fluid investigations into a core
sample of known absolute permeability to migrate of fine and then
measuring the reduction in permeability, through fluid flow across
the formation and affecting on pore throats distributions. Fluids or
produced Nanofluids were injected through the core sample using
an automated positive displacement pump, which can operate at
certain constant pressure or constant fluid flow rate.

The fluid flow modeling such as forward, reverse or cross flow
techniques are selected by means of directional valves in equipment
facilities. An injection pumpwas used to inject the fluids at fluid flow
rates range from 0.0001 to 50.0 cc/min and constant pressure, the
injected flow rates on thus work ranges from 1.0 to 3.0 cc/min.

Experiments were conducted at temperature 100oF, and over-
burden pressure of 2000 psi and a backpressure of 400 psi. Core
plug samples were usedwith diameter 1.500 and length of core plugs
are range between 2.000 to 4.0". The procedures of experimental
testing was performed and achieved at certain conditions as fol-
lows: Firstly, evacuate the core plug samples from air and saturate it
with brine composition of 200 gm/l from NaCl, then the core plug
samples were loaded in the core holder. Apply 2.000 Psi confining
or overburden pressure and 400 Psi backpressure and start to inject
the brine solution at a constant rate every test, while monitoring
the differential pressure. Continue the injection of brine until a
stable of the differential pressure is obtained, then displace the
crude oil for density 0.8400 gm/cc and viscosity of 5.88 cp, till
obtaining the residual oil saturation and calculate the initial water
saturation. Determine the special liquid permeability with injection
of brine at different flow rates. Finally calculate the absolute
permeability and the reduction of permeability during the reverse
of fluid injection and then inject with Nano-solutions at each flow
rate, Kf/Ki versus cumulative pore volume, in addition to measuring
the percentage of permeability remediation after using different
nanofluids at different concentrations. While used the Darcy law to
calculate the permeability as follows:

Table 1
Parameters of used cores.

Sample ID Length Diameter Porosity Air Permeability

L D 4 Kair

cm cm % mD

1 5.2 2.4 21.90 473.97
2 5.4 2.4 22.01 484.62
3 5.0 2.4 22.59 548.95
4 4.8 2.4 21.84 335.12
5 4.7 2.4 21.44 402.88
6 3.7 2.4 23.34 645.74

Table 2
X-Ray diffraction (XRD) of sandstone cores.

Mineral Chemical Formula Semi-Quantitative, [%]

Quartz SiO2 89
Kaolinite Al₂Si₂O₅(OH)₄ 9
Albite Na, Ca AlSi3O8 2
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K ¼ð245*Q*mf *LÞ
A*DP

(1)

The percentage of permeability reduction can be calculated as
shown in the equation:

Kð%Þ¼Ki � Kf

Ki
*100 (2)

The percentage of permeability remediation can be calculated as
shown in the equation:

Kð%Þ¼Kf � Ki

Ki
*100 (3)

where K is the permeability, mf is the Viscosity of fluid injection, L is
the length of the core sample,DP is the pressure differential, A is the
area of the core sample, Ki is the initial permeability and Kf is the
final permeability.

To investigate fines movement while production processes the
core was vacuumed before saturation. Firstly, the cores were
saturated with 1.0 pore volume of ultra-filtrated water. Followed by
injection of ultra-filtrated water at different flow rates to address
the effect of flow rate on fines movement. The same process was
applied on reverse inlet-outlet orientation of the previous process
and the produced effluents and permeability reduction were
recorded in each process. It was noticed a reduction in the
permeability by increasing the rate of injection on the normal inlet-
outlet orientation of the process while it began to increase on the
reverse inlet-outlet orientation as shown in Table 3, the results also
showed that permeability increases with increasing the flow rate
and at a critical flow rate (2.0 cc/min) the permeability begins to
decrease as a result of fines movement.

The flow velocity is themain reason responsible for the reduction
of formation permeability due to fines migration. In Table 3 it was
noticed that the permeability increases with increasing the flow rate
till reaching to the critical flow rate (2.0 cc/min). The permeability
increases before the critical flow rate as a result of the detachment of
fines from the pore walls, but after the critical flow rate these fines
strained and picked up into the fluid and move with it which can be
easily captured by porousmedia and it can block the pore throat area
causing reduction inpermeability and production declination. You, Z.

et al. [27] mentioned that the detachment fines from the wall pores
would increase the permeability, but then it is strained and plug the
pores can significantly decrease the permeability. This reduction in
permeability will decrease the productivity.

3. Results and discussion

Nanotechnology has been widely used in many aspects in oil
and gas industry. Nanofluids that contain nanoparticles have a
unique chemical, electrical and magnetic properties which give it
the advantage to improve oil and gas production bymaking it easier
to separate oil and gas in the rock reservoirs.

The best technique to prevent finesmovement at high flow rates
used in this work is to fix these fines at their sources. Using
nanoparticles with extremely high surface areas a is suitable choice
for this technique. The nanoparticles used in this study to mitigate
fines migration are on the order of 10 nm (SiO2 ranges from 5 to15
nm and MgO ranges from 30 to 40 nm) because of their small size
compared with the pore throats sizes, nanofluid doesn’t have any
effect on blockage of pore throats or reservoir permeability. It has
been stated that nanoparticles can change potential surface be-
tween the fines and grain surfaces, which as a result can reduce the
double layer repulsion force between fines and grains of the rock,
so prevent fines detachment from the grain surfaces.

The main function of nanoparticles in this study is to reduce the
repulsion forces between fines and grain surfaces. The potential
surfaces of fines are usually less than the potential surfaces of rock
grains, so the nanoparticles injected would have a stronger
attractive force with fines than that with rock grains. Therefore, the
nanoparticles are coating the fines surfaces rather than the pore
surfaces as shown in Fig. 3. Adsorption of nanoparticles on the fines
surfaces could change the surfaces potential of fines, which
consequently reduce the repulsion force between fines and grain
surfaces.

The results from experimental design indicated the effect of
different concentrations of Nano-particle (0.25, 0.50, and 0.75) g/l
of SiO2 and MgO NPs at different fluid flow rates (1.0, 2.0 and 3.0)
cc/min in the porous medium on the fines detachment from the
grain surfaces. The results showed that the reduction of fines at
high flow rates is controlled by a range of percentage compared to
the reference case (without coating).

Fig. 2. Setup of experimental flooding.
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3.1. Effect of nano-particles concentration

Three different experimental tests have been designed on each
type of nanoparticles to investigate the effect of different concen-
tration of nanoparticles at different flow rates. Two types of NPs
were used to mitigate or reduce fines migration and surface
modification of Abu Rawash formation. Table 4 illustrate the design
of experimental tests for parameters selecting and their levels.

The results found in this section has been illustrated in the
following values that represent the air permeability, liquid
permeability at the initial water saturation through the flood of oil
displaced in the core plug sample. Therefore, the liquid perme-
ability after injecting the Nano-fluid with different fluid flow rate
1.0, 2.0 and 3.0 cc/min has been determined and calculate of the
changing of permeability after completing the displacement of
Nanofluid.

3.1.1. Effect of SiO2 nanoparticles
Different experimental tests have been designed to investigate

the effect of different concentration of SiO2 nanoparticles with
different Nano-fluids concentration 0.25, 0.0.50 and 0.75 g/l at
different injection fluids flow rates ranging from 1.0, 2.0 and 3.0 cc/
min to mitigate or reduce fines migration and surface modification
of Abu Rawash formation above the critical flow rate. In addition to,
the list of injections and the experimental results are shown in
Table 5.

The experimental results show that the permeability has been
increased at the same injection flow rate (3.00 cc/min) from 197.06
mD at concentration 0.25 g/l of SiO2 nanoparticles to 542.12 mD at
concentration 0.75 g/l of SiO2 nanoparticles. The permeability
remediation has the maximum value in case of using SiO2 nano-
particles at concentration 0.5 g/l and 3.0 cc/min by percentage of
permeability remediation reaches to 12.65% (from 281.06 mD of
untreated samples to 316.35 mD of sample treated with SiO2
nanoparticles).

Figs. 4 and 5 show a Comparison of permeability remediation
with different Nano-solutions at Nano-concentration of SiO2
0.25.0.50, and 0.75 g/l and different fluid flow rate 1.0, 2.0 and
3.0 cc/min. it shows that themaximumvalue of permeability was at
concentration 0.75 g/l and with 3.0 cc/min flow rate comparedwith
other concentrations and flow rates (from 192.24 mD to 542.12
mD). However, the best remediation value of the permeability was
at concentration 0.5 g/l of SiO2 at flow rate 3.0 cc/min which rea-
ches to 12.65% (from 281.06 mD of untreated samples to 316.35 mD
of sample treated with SiO2 NPs).

3.1.2. Effect of MgO Nano-particles
Different experimental tests has been designed to investigate

the effect of different concentration of MgO Nano-particles with
different Nano-fluids concentration 0.25, 0.0.50 and 0.75 g/l at
different injection fluids flow rates ranging from 1.0, 2.0 and 3.0 cc/

min to mitigate or reduce fines migration and surface modification
of Abu Rawash formation. In addition to, the list of injections and
the experimental results are shown in Table 6.

The results found in this table has been illustrated the following
values that represent the air permeability, liquid permeability at
the initial water saturation through the flood of oil displaced in the
core plug sample. Therefore, the liquid permeability after injected
MgO nanofluid with different fluid flow rate 1.0, 2.0 and 3.0 cc/min
has been determined and calculate of the changing permeability
after completing the displacement of nanofluid.

Figs. 6 and 7 show the changing in permeability through
different fluid flow rate 1.0, 2.0 and 3.0 cc/min and the permeability
changing through different nano-concentration of MgO nano par-
ticle 0.25.0.50, and 0.75 gm/l. It shows that the maximum reme-
diation of permeability was at concentration 0.75 g/l and with
3.0 cc/min flow rate compared with other concentrations and flow
rates.

Fig. 8 illustrated the Relationship between nano-fluid flow rate
versus ratio of final permeability to initial permeability (Air
permeability) for SiO2 and MgO nano-particles at different con-
centration 0.25, 0.5 and 0.75 g/l. Therefore, the ratio of final
permeability result after displacement of Nano-fluids and perme-
ability result before flooding their fluids for SiO2 and MgO Nano-
particles types used at different concentration 0.25, 0.5 and
0.75 g/l for both.

Based on the experimental tests design used for this study, it
was found that the reduction of effective permeability decreases
with increasing the nanofluid concentration in three levels of
experiment procedure techniques. It found that the best ratio
present is the use of MgO nanoparticles at concentration of 0.5 g/l
than other cases of the experiment tests. The results showed that
using nanofluids can maximize the value of the critical flow rate or
production rate. In case of untreated core samples, the permeability
increases till reaching to the critical flow rate (2.0 cc/min) as a result
of fines mobilization, which cause blockage of pore throats, but in
case of treated samples with nanofluids the flow rate reached
(3.0 cc/min) which is above the critical flow rate and the perme-
ability still continue to increase with the rise of the flow rate. It was
concluded that the nanofluids could control the fines movement
and fix it at high flow rates.

While Fig. 9 clearly indicates the calculation of percentage of
permeability remediation at different fluid flow rate at 1.0, 2.0 and
3.0 cc/min. Then, MgO Nano-particles types by mean pressure
differentials between inlet and outlet the fluid reverse. The best
result of percentage of changing permeability and reduction of fine
migration than another level, which found with MgO nanoparticles
at concentration 0.5 g/l of Nano-fluid injected through the porous
medium of rock.

It shows the best concentration, which will be used to mitigate
fines migration and improve the permeability, is MgO nano-
particles with concentration 0.5 g/l at flow rate 3.00 cc/min. Using

Table 3
Permeability Reduction through different Flow Rates.

Sample ID Type of fluid injected Flow rate,
Q

Permeability at Normal Direction (inlet-outlet direction) Permeability at Reverse Direction (outlet-inlet direction)

cc/min mD mD

1 Ultra-filtrated water 0.0 473.97 (Air Perm.) 219.47 (K Value @3.0 cc/min
0.5 225.32 220.08
1.0 238.08 222.42
1.5 242.46 229.19
2.0 241.82 231.02
2.5 231.52 236.82
3.0 219.47 240.97
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MgO nanoparticles with concentration 0.5 g/l can increase the
permeability from236.62mD of untreated samples to 390.62mD of
sample treated with MgO nanoparticles with the permeability

remediation reaching 64.83%. The figure also shows the other
percentage of permeability remediation with different nanofluids
concentrations at different flow rates.

Fig. 3. Adsorption of nanoparticles on the fines surfaces mechanism [28].

Table 4
Parameters selecting and their levels for experimental tests.

Parameter Level 1 Level 2 Level 3

SiO2 or MgO nanoparticles concentration, 0.25 g/l 0.50 g/l 0.75 g/l
Injection fluid flow rate, Q, cc/min 1.0 2.0 3.0 1.0 2.0 3.0 1.0 2.0 3.0
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Table 5
Different parameters for core permeability measurement and calculate of Permeability Reduction and percentage for SiO2 at different concentration and fluid flow rate.

Sample
No.

Type of Nano-
fluid flood

Flow
Rate, Q

Air
Permeability

Ko @Swi
(Before)

Ko @Sor
(After)

Reduction permeability, Ko
@Swi (Before)

Reduction permeability, Ko
@Sor (After)

Percentage of permeability
remediation

Kfinal/
Kinitial

at certain conc. cc/min mD mD mD % % % fraction
1 SiO2 at Conc.

0.25 g/l
1.0 473.92 181.55 192.24 61.69 59.44 5.89 0.406
2.0 473.92 181.55 195.04 61.69 58.85 7.43 0.412
3.0 473.92 181.55 197.06 61.69 58.42 8.54 0.416

2 SiO2 at Conc.
0.50 g/l

1.0 484.62 281.06 302.42 42.00 37.60 7.60 0.624
2.0 484.62 281.06 309.14 42.00 36.21 9.99 0.638
3.0 484.62 281.06 316.35 42.00 34.72 12.56 0.653

3 SiO2 at Conc.
0.75 g/l

1.0 548.95 490.21 505.25 10.70 7.96 3.07 0.920
2.0 548.95 490.21 520.06 10.70 5.26 6.09 0.947
3.0 548.95 490.21 542.12 10.70 1.24 10.59 0.988

Fig. 4. Compare of liquid permeability through different nano-solutions at nano-
concentration of MgO nano particle 0.25.0.50, and 0.75 gm/l. for different fluid flow
rate 1.0, 2.0 and 3.0 cc/min.

Fig. 5. Compare of liquid permeability through different fluid flow rate 1.0, 2.0 and
3.0 cc/min for different nano-solutions at nano-concentration of SiO2 nano particle
0.25.0.50, and 0.75 gm/l.

Table 6
Different parameters for core permeability measurement and calculate of Permeability decline and percentage for MgO at different concentration and fluid flow rate.

Sample
No.

Type of Nano-
fluid flood

Flow
Rate, Q,

Air
Permeability

Ko @Swi
(Before)

Ko @Sor
(After)

Reduction permeability, Ko
@Swi (Before)

Reduction permeability, Ko
@Sor (After)

Percentage of permeability
remediation

Kfinal/
Kinitial

At certain conc. cc/min mD mD mD % % % fraction
4 MgO at Conc.

0.25 g/l
1.0 335.11 222.77 285.14 33.52 14.91 28.00 0.851
2.0 335.11 222.77 310.60 33.52 7.31 39.43 0.927
3.0 335.11 222.77 322.01 33.52 3.91 44.55 0.961

5 MgO at Conc.
0.50 g/l

1.0 402.74 236.62 336.52 41.25 16.44 42.22 0.836
2.0 402.74 236.62 346.16 41.25 14.05 46.29 0.860
3.0 402.74 236.62 390.02 41.25 3.16 64.83 0.968

6 MgO at Conc.
0.75 g/l

1.0 645.74 398.28 525.04 38.32 18.69 31.83 0.813
2.0 645.74 398.28 562.14 38.32 12.95 41.14 0.871
3.0 645.74 398.28 591.08 38.32 8.46 48.41 0.915

Fig. 6. Compare of liquid permeability through different fluid flow rate 1.0, 2.0 and
3.0 cc/min for different nano-solutions at nano-concentration of MgO nano particle
0.25.0.50, and 0.75 gm/l.

Fig. 7. Compare of liquid permeability through different nano-solutions at nano-
concentration of MgO nano particle 0.25.0.50, and 0.75 gm/l. for different fluid flow
rate 1.0, 2.0 and 3.0 cc/min.
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3.2. Effect of NPs on grain surfaces through (SEM) images

Images of Scanning Electron Microscope (SEM) of Abu Rawsh
studied core samples was performed by Field Emission Scanning
Electron Microscope (FESEM, Quattro S, Thermo Scientific) with an

integrated energy-dispersive X-ray spectroscopy (EDX) to analyze
the core minerals at the British University in Egypt NanoTechnology
Research Center (NTRC). SEM imaging was performed on a slice of
core samples before and after application of Nano-fluids. Field
emission Scanning Electron Microscope was used to measure the
elemental analysis with Energy Dispersive X-ray (EDX) and Map-
ping. Fig. 10 shows the elemental of the minerals of the core sam-
ples used on these experiments.

A cylindrical slice of Abu Rawash Sandstonewas examined using
SEM. The images showed that the core was mainly composed of
quartz grains and some few iron minerals and the sample have
many voids, as shown on images in Fig. 11. Another slice of Abu
Rawash Sandstone saturated with different concentrations of NPs
was examined. The coating of NPs on the mineral’s surface was
clearly observed as shown on images in Fig. 12. This coating of NPs
on the mineral’s surfaces cause surface modification, which make
these surfaces more effective on capturing and fixing these fines in
their sources.

4. Conclusions

Silica dioxide and magnesium oxide nanofluids were used to
treat porous media to decrease fines migration and permeability
reduction. Different concentrations were used to obtain the opti-
mum concentration, which have greater effect on preventing fines
migration. The results in this study show that 0.5 g/l of MgO
nanofluid, could fix fines and increase the production rate more
effectively than SiO2 nanofluid. The optimum Nanofluid concen-
tration with MgO nanoparticles were found to be 0.50 g/l of
nanofluid and would considerably prevent the fine migration and
increase the critical flow rate value.

The experimental studies investigated that using SiO2 and MgO
nanofluids with different concentrations could maximize the critical
flow rate or production rate of the well. The critical flow rate of the
untreated samples was (2.0 cc/min), at this rate the permeability
begin to reduce as a result of fines movement, but after treating the
samples with Nanofluid, the nanoparticles can be adsorbed on the
pore surfaces and reduce the repulsion force between fines and pore
surfaces. The critical flow rate on this case increased to (3.0 cc/min)
without any decrease in the permeability value.

The results showed that using MgO NPs would prevent fines
detachment from the pore surfaces and decrease the reduction of
permeability at high flow rates more than SiO2 NPs. The optimum
concentration of MgO NPs was at 0.5 g/L and flow rate 3.0 cc/min as

Fig. 8. Relationship between nano-fluid flow rate versus ratio of final permeability to
initial permeability (Air permeability) for SiO2 and MgO nano-particles at different
concentration 0.25, 0.5 and 0.75 g/l.

Fig. 9. Percentage of permeability remediation versus the final of permeability as a
function of different nano-fluid flow rate of 1.0, 2.0, and 3.0 cc/min for SiO2 and MgO
nano-particles at different concentration 0.25, 0.5 and 0.75 g/.

Fig. 10. EDX analysis of sandstone core samples.
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the permeability remediation at this concentration reaches to
64.83% (from 236.62 mD of untreated samples to 390.62 mD of
sample treated with 0.5 g/L MgO NPs).

While the maximum percentage of permeability remediation
in case of SiO2 NPs was at concentration 0.5 g/l and flow rate 3.0
as the remediation percentage reaches to 12.65% (from 281.06
mD of untreated samples to 316.35 mD of sample treated with
SiO2 NPs).
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