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This research explores the novel enhancement of water-based drilling fluids using MgO-HPAM
nanocomposites, focusing on improving their rheological and filtration properties. The study
introduces an innovative approach to address the critical challenges in drilling technologies,
emphasizing the need for stable and efficient drilling fluids in the oil and gas industry. Unlike traditional
formulations, MgO-HPAM nanocomposites leverage the synergistic interaction between MgO
nanoparticles and hydrolyzed polyacrylamide (HPAM) to overcome limitations such as instability and
poor fluid performance in high-pressure and high-temperature environments. By integrating MgO
nanoparticles with HPAM, the study provides a sustainable and cost-effective solution to optimize
drilling efficiency while reducing environmental impact. The findings reveal that MgO nanoparticles,
when used in conjunction with HPAM, significantly improve the drilling fluid’s performance. At an
optimal concentration of 500 ppm, the yield point increased by 43%, and viscosity rose by 35%,
demonstrating superior rheological performance. Notably, these enhancements were achieved
without altering the fluid density, a critical factor in wellbore stability. Additionally, the filtration

rate was reduced by 40%, highlighting the nanocomposite’s ability to decrease permeability and
improve fluid stability under harsh drilling conditions. Furthermore, long-term tests confirmed the
stability of MgO-HPAM nanocomposites, proving their durability and compatibility with existing
additives. The study concludes that MgO-HPAM nanocomposites offer a groundbreaking and scalable
approach to advancing drilling fluid technology. However, concentrations above 500 ppm showed
diminishing returns, with viscosity stabilization and a slight increase in filtration volume. Through
this optimization-based investigation, the research presents a significant step forward in formulating
drilling fluids that maximize operational efficiency, safety, and environmental sustainability.
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Drilling fluid is one of the critical components in drilling operations and directly impacts the efficiency and
safety of this process! 3. Drilling fluids are responsible for drill bit cooling, cutting transportation, and imposing
hydrostatic pressure to prevent loss and gain during the drilling of various formations. Proper efficiency of
drilling fluid can help increase the drilling rate, reduce costs, and improve operation safety. As a result, the
selection and optimization of drilling fluid formulation is essential*-°.

The need to optimize the drilling fluid to increase the drilling rate and reduce the problems caused by
it, including sedimentation, filtration, and instability, is very noticeable’. Improving the rheological and
mechanical properties of the drilling fluids can lead to a reduction in drilling time and an increase in productivity.
Also, optimal formulation can help prevent problems such as wall collapse and equipment damage, ultimately
leading to lower operating costs"!0.

Nanoparticles in drilling fluids have been considered an innovative solution to improve their properties.
SiO,nanoparticles are a structural reinforcement and can help improve fluid performance by increasing viscosity
and stability!"12. These nanoparticles are especially effective in improving fluid resistance to temperature and
pressure changes and can prevent larger particles from settling. Likewise, Fe,O,nanoparticles, due to their
magnetic properties, can effectively improve the drilling fluid’s distribution and dispersion and help reduce
groundwater’s settling time!3~1°.

Cr,0, nanoparticles are also considered an anti-corrosion agent and improve the mechanical properties
of the fluid. These nanoparticles can not only help to improve fluid stability but also play a role in reducing
the maintenance and repair costs of drilling equipment. Alumina nanoparticles (Al,O,) are a strengthening
agent and can help improve drilling fluid formulation by increasing viscosity and reducing filtration. These
nanoparticles can help to stabilize the fluid-structure due to their ability to create strong bonds with existing
polymers!7-1°.

In addition, nanoparticles can effectively affect drilling fluids’ rheological behavior and filtration due to their
small size and high surface-to-volume ratio. These nanoparticles can prevent their permeability by increasing
the viscosity and strengthening the physical structure of the fluid, thus helping to improve the stability and
efficiency of drilling fluids. Also, by creating three-dimensional networks in the fluid, nanoparticles can help
reduce the filtration rate and improve resistance to high pressures?*-22,

MgO nanoparticles have attracted considerable attention in drilling fluid formulations due to their unique
physicochemical properties, such as high thermal stability, superior mechanical strength, and excellent
adsorption capabilities. These nanoparticles have been reported to improve drilling fluids’ rheological and
filtration properties, particularly under high-temperature and high-pressure conditions. MgO nanoparticles
effectively reduce fluid loss and strengthen the filter cake structure, critical for wellbore stability during drilling
operations?>~2°,

Nanoparticles such as Al,O,, Fe,O,, and MnZn-ferrite have demonstrated unique physicochemical
properties and are widely explored in various industrial applications, including heat transfer, cooling systems,
and fluid formulations. Al,O;nanoparticles exhibit exceptional thermal conductivity, with enhanced stability
at high temperatures, making them suitable for cooling applications that benefit from their efficient heat
transfer properties’®~2%. Fe304 nanoparticles are known for their superparamagnetic behavior and ability to
form ferrofluids with self-regulating cooling capabilities, utilizing magnetic fields to enhance heat transfer
and maintain fluid flow without external power sources*>*’. Similarly, MnZn-ferrite nanoparticles exhibit
remarkable thermo-magnetic properties, high magnetization values, and tunable Curie temperatures, enabling
their use in self-powered cooling devices®'~3. Unlike these nanoparticles, MgO nanoparticles possess unique
combinations of high thermal stability, superior mechanical strength, and excellent adsorption capabilities,
which are particularly advantageous in drilling fluid systems. While the aforementioned nanoparticles have been
extensively studied for heat transfer and magnetic applications, their suitability for drilling fluid optimization
remains limited. Furthermore, the introduction of MgO nanoparticles in drilling fluids represents a promising
area of research, as their properties allow improved rheological and filtration performance under challenging
downhole conditions. This work builds upon the distinct attributes of MgO nanoparticles and further advances
their application in drilling fluids to meet industry-specific requirements.

Despite these promising properties, existing studies remain focused on MgO nanoparticles in their basic
form, with limited exploration into their further modification or composite formulations. In particular,
integrating MgO nanoparticles into polymer-based nanocomposites remains unexplored, offering potential for
broader functional enhancements. This study addresses this gap by investigating the novel application of MgO-
HPAM nanocomposites in drilling fluids.

This research introduces a novel formulation for enhancing drilling fluids by leveraging MgO nanoparticles
combined with HPAM to create stable MgO-HPAM nanocomposites. The methodology distinctly contrasts with
other nanoparticle-based approaches by providing a more effective solution to prevent nanoparticle aggregation
and collapse. Initially, MgO nanoparticles were dispersed using ultrasonic waves to improve distribution and
stability, and HPAM was quickly added to form a uniform nanocomposite matrix. Dispersion uniformity was
confirmed using the dynamic light scattering (DLS) technique, demonstrating the success of the stabilization
process. Furthermore, the impact of MgO-HPAM nanocomposites on key drilling fluid properties, notably
rheology and filtration, was evaluated. Unlike other nanoparticles used in drilling fluids, MgO demonstrates
superior performance in maintaining fluid stability while enhancing viscosity, yield point, and filtration reduction
under harsh operating conditions. This innovative approach significantly advances drilling fluid performance,
offering improved efficiency, environmental sustainability, and adaptability across diverse drilling environments.
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Materials and methods

Materials

HPAM

HPAM from Merck brand with purity above 98% and molecular mass between 4 and 6 million daltons is one of
the most critical materials used in this research. Due to its viscosity properties, this polymer is widely used in
drilling fluids and can help improve drilling efficiency. HPAM acts as a concentrating agent and reduces fluid
flow in wells.

Figure lillustrates the chemical structure and molecular composition of PAM and HPAM. The polymer
consists of long flexible chains with carboxylic functional groups on backbones. Carboxylic groups are negatively
charged, so molecules repel each other and keep the polymer chains stretched, resulting in high solution
viscosity>4-3.

KClI (potassium chloride)
KCl or potassium chloride is another substance used in this research. This salt is an electrolyte in drilling fluids
and helps control the fluid’s pressure and physical properties. KCl stabilizes the drilling fluid against temperature
and pressure changes and prevents sediment formation.

In addition, using KCI in drilling fluids helps reduce the adverse effects on geological formations and can
maintain the quality of underground water. These characteristics have made KCI one of the main ingredients in
the formulation of drilling fluids®”-%°.

NaCl (sodium chloride)
NaCl or sodium chloride is used as an additive in drilling fluids to adjust the chemical and physical properties of
the fluid. Due to its high solubility in water, this salt helps maintain pressure balance and prevent precipitation.
Also, NaCl can act as a viscosity-regulating agent.

This substance, in combination with other additives, especially HPAM and MgO nanocomposite, can help
improve the drilling fluid’s performance and increase its stability in different conditions.

Lime (calcium hydroxide) Lime or calcium hydroxide is used as an alkaline substance in drilling fluids. This
material helps to adjust the pH of the fluid and can help to improve its rheological properties. Lime also acts as
an anti-sediment agent and can prevent the formation of sediments in wells.

Using Lime helps increase the stability and efficiency of the drilling fluid, thus improving the drilling
performance®!.

Barite Barite is a heavy substance in drilling fluids to increase density. This material helps prevent fracturing
and fluid leakage in wells and supports pressure control during drilling. Due to its specific physical and chemical
properties, barite is critical in formulating drilling fluids.

Experimental procedure
DLS measurement
Dynamic Light Scattering (DLS) testing was conducted to measure the size and size distribution of HPAM-MgO
nanocomposite particles. This technique employs light scattering and diffraction, which occurs when a laser
beam interacts with suspended particles in a fluid medium. Specifically, it analyzes the patterns of scattered light
reflected from the nanoparticles, enabling an indirect calculation of particle size based on their movement due
to Brownian motion.

To ensure accurate and reproducible results, the HPAM-MgO nanocomposite sample was diluted using
deionized water as the solvent to avoid interference caused by aggregation or excess particle concentration.
The dilution helps achieve an optimal concentration range, typically between 0.1 and 0.5 mg/mL, necessary
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Fig. 1. Chemical structure and molecular composition of PAM and HPAM polymers.
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to enhance measurement sensitivity. The diluted sample was transferred to a pre-cleaned cuvette designed
specifically for DLS systems, minimizing contamination that could affect particle-light interactions.

The DLS instrument used in this study features a high-precision laser operating at a wavelength of 633 nm,
which is known for its effectiveness in analyzing nanocomposite materials. When the laser irradiates the sample,
the scattered light is detected at appropriate angles (typically 90° or 173°) by photodiodes integrated within
the system. The detector continuously records fluctuations in light intensity caused by particle movement over
time, and this raw data is processed using specialized software to calculate the hydrodynamic diameter of the
nanoparticles based on Stokes-Einstein equations.

Multiple measurements were performed for each sample, with a temperature control system maintaining the
testing environment at 25 °C to ensure stable particle behavior and minimize external effects such as evaporation
or temperature-induced viscosity changes. The signals from the detector were then averaged over several runs
to enhance reliability, producing detailed information about the particle size, size distribution (polydispersity
index), and overall stability of the nanocomposite particles in the suspension.

Nanocomposite preparation

In this step, a MgO-HPAM nanocomposite combines the properties of magnesium oxide nanoparticles (MgO)
with that of an HPAM polymer. This process involves precisely mixing specific amounts of HPAM and MgO in
water as a solvent. First, MgO in water is subjected to homogenization using an ultrasonic device for a certain
period. This device helps uniformly separate and distribute nanoparticles in the solution by creating high-
frequency sound waves. This technique reduces the size of the particles and improves their distribution in the
solution, which ultimately has a positive effect on the final properties of the nanocomposite*?**.

After the preparation of MgO, a certain amount of HPAM was added to the solution, the nanoparticles and
the polymer were stirred for 90 min at 60 °C to ensure that the nanoparticles were well distributed in the polymer
matrix and to establish strong bonds between the MgO particles and the HPAM polymer chains. A temperature
of 60 °C is considered an optimal condition to facilitate the polymerization process and increase the quality of
the nanocomposite.

Finally, the obtained MgO-HPAM nanocomposite is used as a base fluid to make drilling fluids, and the size
of drilling fluid additives is added to this nanocomposite. The continuous phase of the water-based drilling fluid
often contains distilled water and salts, and here, the continuous phase contains water, polymer, and particulates.

While ultrasonic dispersion was employed in this study to homogenize the MgO particles in the polymer
matrix, it is worth noting that other stabilization techniques have been explored in nanotechnology and drilling
fluid research. Surfactant-assisted stabilization involves surface-active agents to reduce interparticle attraction
and improve dispersion stability, which is particularly valuable for nanoparticles prone to agglomeration.
Mechanical mixing, such as high-shear mixing, provides an effective means of physically distributing
nanoparticles by applying mechanical energy to break up clusters and achieve uniform distribution®*. These
approaches have demonstrated benefits in enhancing dispersion stability and tailoring nanoparticle-based
suspensions for specific applications. Future studies could compare the performance of ultrasonic dispersion
with these alternative techniques to understand their influence on nanoparticle stability, polymer interaction,
and the rheological properties of drilling fluids. Such comparisons would provide a broader perspective on
nanoparticle stabilization strategies and their impacts on drilling fluid formulations.

Sedimentation experiment

After making the MgO-HPAM nanocomposite, it is stored in 50 ml tubes for 60 days. This experiment is performed
to evaluate the stability of nanocomposite in the aqueous environment and to investigate the sedimentation
process of the particles. During these 60 days, the nanocomposite is placed under controlled conditions at a
temperature of 60 °C and is regularly checked for changes in appearance and particle sedimentation in these
tubes.

The stability of the nanocomposite is evaluated visually and over time. Any particle distribution,
sedimentation, or phase separation change is carefully recorded at this stage. This information helps us better
understand the effect of MgO nanoparticles on the system’s overall stability. This test determines the optimal
time for the nanocomposite to remain stable in the operational drilling conditions.

Finally, on the 60 th day, a DLS test is again performed on the nanocomposite to evaluate the particle size
and distribution after 60 days of storage. These data give us detailed information about the effect of time on
the stability and properties of the nanocomposite and help to compare the results with the original data. This
research phase will help better understand nanocomposite behavior in actual drilling conditions.

Synthesis of drilling fluid

In this step, the drilling fluid is prepared by gradually mixing MgO-HPAM nanocomposite and other additives.
This process is carried out step by step to ensure that each additive is well dissolved in the mixture and to prevent
particles from sticking together. Additives are added to the nanocomposite in a specific order, and each one is
mixed for 20 min using a rod mixer at 6000 rpm.

Stirring is done at high speed to create a uniform drilling fluid composition. These intense movements help
distribute additive particles uniformly in the nanocomposite matrix and prevent their accumulation or adhesion.
This helps to improve the rheological properties and efficiency of the drilling fluid and ensures that the desired
properties of the nanocomposite are maintained in the drilling fluid.

After mixing each additive, the composition checks and evaluates its physical and chemical properties. This
step is crucial because the quality and performance of the drilling fluid are affected by the uniform distribution
and composition of the additives. Finally, the obtained drilling fluid will be prepared for further tests and
performance evaluation in actual drilling conditions.
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Measurement of rheological properties

This step measures the rheological properties of the prepared drilling fluid using MgO-HPAM nanocomposite.
For this purpose, the Brookfield rheology apparatus is used, which is one of the most widely used instruments
for measuring the viscosity and rheological behavior of fluids. This device is suitable for evaluating fluids with
thick and non-newt characteristics.

The Brookfield apparatus consists of a mixer with a rotating probe inserted into the sample. By rotating
the probe, a force is applied to the fluid, and this force is measured using a sensor. During the test, shear rate
and shear stress are recorded simultaneously. The data obtained from this experiment allows us to analyze the
behavior of the fluid against different stresses.

By analyzing the recorded data, shear rate versus shear stress curves can be drawn. These curves show the
rheological behavior of the fluid in different conditions. Different rheological models are used to analyze these
data. This research uses the Bingham plastic model, which is especially suitable for describing the behavior of
fluids with a specific yield point.

The Bingham plastic model is defined as follows:

T=YP+ puy

T is the shear stress value in N/m2, u refers to the viscosity of the fluid in Pa.S, and y is the shear rate of the fluid
in the experiment in 1/S. Here, YP denotes the yield point in N/m2. In scientific documents related to drilling
engineering, this parameter is reported in 1bf/100 ft2, which needs to be converted.

The viscosity value and yield point can be calculated using the obtained data. This information helps us to
accurately evaluate the performance of the drilling fluid in actual conditions. This test’s results can help improve
the formulation of drilling fluid and increase its efficiency in drilling operations.

In addition, investigating the rheological behavior of the drilling fluid allows us to optimize the nanocomposite
compositions and better understand the effects of different materials on the properties of the drilling fluid. This
information can benefit drilling projects in particular conditions, such as in high-pressure environments or high
temperatures.

Measurement of drilling fluid filtration

This step evaluates the filtration volume of the prepared drilling fluid containing the MgO-HPAM nanocomposite,
a critical indicator of the fluid’s ability to prevent fluid loss during drilling operations. Proper filtration control
is essential for maintaining wellbore stability and avoiding issues such as pipe sticking due to excessive filter
cake thickness. Filtration volume refers to the fluid lost through geological formations under applied pressure,
directly impacting drilling performance and overall well stability.

The filtration test was conducted using a standard API filter press, a widely used apparatus in drilling fluid
evaluations. This cylindrical chamber is designed to hold the fluid sample under controlled pressure conditions.
To prepare for testing, a precise volume of drilling fluid (350 mL) was poured into the filter chamber, ensuring
proper placement of the filter paper to separate the solid particles from the liquid fraction. The system was then
pressurized using compressed nitrogen gas at 100 psi, simulating downhole conditions typically encountered in
drilling operations. The applied pressure forces the liquid portion of the drilling fluid through the filter paper
while retaining solid particles, effectively mimicking fluid loss during drilling.

The experiment lasted 30 min, during which the filtrate volume was continuously monitored to determine
the total fluid loss. At the end of the test, the filtrate was collected and measured using a graduated cylinder with
an accuracy of £1 mL. The thickness and consistency of the formed filter cake on the filter paper were visually
inspected and documented, as excessive filter cake buildup can negatively impact the drilling process. Results
from the filter press test provided quantitative data on the filtration performance, allowing the identification of
formulations with better leakage control and reduced fluid loss.

The reduction in filtration volume is a clear indicator of improved performance, with optimized drilling
fluids reducing fluid loss and sustaining the pressure required to stabilize the wellbore. The MgO-HPAM
nanocomposite played a critical role in achieving desirable filtration properties by minimizing permeability and
enhancing the structural integrity of the fluid. Filtration properties were tested across various nanocomposite
concentrations to assess their effectiveness under high-pressure and high-temperature environments.

This test provides valuable information to optimize drilling fluid formulations and select materials for
improved performance, particularly in challenging formations with high permeability or under high-pressure
drilling conditions. The data gained from this evaluation are instrumental in tailoring drilling fluids to specific
operational requirements, reducing operational risks, and enhancing overall efficiency.

Results and discussion

Investigation of MgO dispersion in water

At this stage, the dispersion of MgO nanoparticles in water was investigated to evaluate the stability and behavior
of nanoparticles in a liquid environment. For this purpose, fluids were prepared with a combination of distilled
water and MgO nanoparticles in 50, 100, 250, 500, and 1000 ppm concentrations. First, these fluids were stirred
for 24 h using a magnetic stirrer at 400 rpm. This step was done to create more uniformity in the distribution of
nanoparticles in the solution and prevent their accumulation.

After the initial stirring, the prepared fluids were poured into 50 ml tubes to investigate the stability of
the nanoparticle dispersion. Figure 2 illustrates the settlement of MgO nanoparticles in distilled water. The
obtained results and images showed that in all concentrations, nanofluids were unstable and settled quickly.
This phenomenon indicated the non-uniform distribution of nanoparticles in water and their tendency to
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Fig. 2. Settlement of 250 ppm MgO nanoparticles fluid after 10 min.

accumulate and settle. This behavior can be due to the gravitational attraction force and the Van der Waals force
that attracts nanoparticles to each other.

In the next step, the same composition and concentrations were sonicated for 30 min using an ultrasonic
device. This method helps to separate and better disperse nanoparticles in the solution due to the creation of
high-frequency sound waves. This process can create microscopic bubbles and improve the uniform distribution
of nanoparticles in the solution. In this case, the deposition of nanoparticles was not instantaneous, and it took
some time to create a clear separation surface. Sedimentation values were measured over time, and a graph was
drawn. Figure 3 depicts sedimentation rates for stirred and sonicated nanoparticles in distilled water. The results
showed that the sedimentation speed has a direct relationship with the concentration of nanoparticles; so, the
higher the concentration of nanoparticles, the faster the sedimentation will be. This issue clearly shows the effect
of concentration on the rheological behavior of nanoparticles in liquid fluids.

Where h represents the sedimented section height, and H is the total height of the fluid. In general, in
nanoparticle fluids, the stability of nanoparticles is influenced by various factors, including the size of the
particles, their shape, and their surface properties. Smaller nanoparticles usually have a greater tendency to
settle, and this phenomenon can be caused by increasing the contact surface and particle adhesion. sharp.

Finally, the results of these experiments showed that MgO nanoparticles alone are unstable in water and need
to be combined with polymer to create nanocomposite. Using polymers in combination with nanoparticles can
help improve the stability and performance of nanoparticles in drilling fluid systems. These results emphasize
the importance of using stable nanocomposites to improve the rheological properties and reduce the settling rate
in drilling fluids. Finally, nanocomposites can improve drilling fluids’ performance in actual conditions, reduce
operating costs, and increase drilling safety.
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Fig. 3. Sedimentation rate measured for A) stirred and B) sonicated nanoparticles in water.

Nanocomposite preparation and stability determination
In this step, the MgO-HPAM nanocomposite was prepared using different concentrations of MgO nanoparticles
(50, 100, 250, 500, and 1000 ppm), and its stability was investigated. First, nanoparticles were added to 50 ml
of distilled water and stirred for 30 min using an ultrasonic device. Creating high-frequency sound waves helps
separate and uniformly disperse nanoparticles in the solution and prevents their accumulation. This technique
is particularly effective for nanoparticles that tend to aggregate due to their small size and van der Waals force.

After stirring, two grams of HPAM were added to the mixture to make a 4% HPAM solution. HPAM is a
hydrogel polymer used as a thickening and stabilizing agent in drilling fluids. Due to its ability to form hydrogen
bonds and create three-dimensional networks, this polymer can stabilize MgO nanoparticles well in solution.
After this step, the solution was stirred for 90 min using a magnetic stirrer to obtain a uniform mixture of
nanoparticles and polymer.

After stirring, a DLS test was performed on the solution. The DLS results illustrated in Fig. 4 showed that
the nanoparticles were uniformly dispersed throughout the nanosized fluid, which indicated the success of
creating a stable nanocomposite. The particles’ size and distribution are significant at this stage because these
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Fig. 4. DLS experiment results for 500 ppm MgO and 4 wt% HPAM nanocomposite after (A) 1 h and (B) 60
days.

characteristics affect the rheological behavior and performance of the nanocomposite in operational conditions.
Then, the prepared nanocomposite was poured into 50 ml tubes and observed for 60 days.

During these 60 days, it was observed that the nanoparticles do not settle and remain homogeneously in
the solution. The long-term stability of this nanocomposite depends on the properties of HPAM and how the
nanoparticles are distributed in the solution. These characteristics can lead to the improvement of the efficiency
of drilling fluids in complex conditions. On the 60 th day, the DLS test was performed again, and the results
confirmed the stability and uniformity of the nanoparticle dispersion.

Synthesizing drilling fluid and measuring specification

At this stage, six types of drilling fluid were prepared, each designed to evaluate performance and different
properties. The first fluid, called base fluid, is HPAM without nanoparticles added to distilled water. Specifically,
13.5 g of HPAM was added to 350 ml of distilled water to prepare a uniform, concentrated solution.

For the following samples, MgO nanoparticles with different concentrations were added to this base fluid.
These concentrations included 50, 100, 250, 500 and 1000 ppm. In these samples, the main difference with Base
fluid was the concentration of nanoparticles added to the solution. This addition of nanoparticles was done to
investigate their effect on the rheological properties and capabilities of the drilling fluid.

Each of these fluids was carefully stirred to ensure the nanoparticles were uniformly distributed in the HPAM
matrix. These compounds can affect the rheological behavior and stability of the fluid, especially in drilling

operating conditions. This process aims to improve the properties of the drilling fluid and increase its efficiency
in different operating conditions.
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Finally, by preparing and examining these six types of fluids, it is possible to compare the properties of each
of them and the effect of nanoparticles on the performance of the drilling fluid.

Effect of nanoparticles on drilling fluid rheology

In this research phase, shear stress values were measured at different shear rates for six types of drilling fluids. The
first sample was Base fluid, which included HPAM without nanoparticles. The results showed that the viscosity
of the base fluid was equal to 21 centipoises, and its yield point was 7.5 N/m’. These values accurately provide us
with information about the initial behavior of the drilling fluid and can be used as a basis for comparison with
other samples.

Results from rheology measurement of various concentrations of MgO in base fluids are illustrated
in Fig. 5. Increasing the concentration of MgO nanoparticles in drilling fluids increased viscosity and yield
point parameters. For the concentration of 500 ppm, the maximum increase value was observed. The viscosity
increased by 35% and the yield point by 43%. These changes indicate the positive effect of nanoparticles on the
rheological properties of drilling fluids. MgO nanoparticles can act as structural reinforcements and increase
viscosity and yield points by creating bonds between polymer particles and nanoparticles.

However, the exciting thing is that by increasing the concentration of nanoparticles to 1000 ppm, no special
effect was observed on these two parameters. This phenomenon can be due to the system’s saturation or creating
conditions where nanoparticles can no longer affect the rheological properties. Also, the distribution and
dispersion of nanoparticles may be disturbed at higher concentrations, which can lead to a decrease in their
effectiveness.

One of the critical points in this review is that in drilling fluids, usually increasing viscosity and yield point
due to additives can lead to an increase in the weight of the fluid, and, as a result, the conditions of the well design
will be violated. However, the performance of MgO nanoparticles is such that they do not change the weight of
the fluid. This point is significant when drilling in special conditions, such as in environments with high pressure
and temperatures. In this situation, maintaining the stability and efficiency of the drilling fluid can reduce costs
and increase safety.

Due to their small size and high surface-to-volume ratio, nanoparticles can effectively affect the rheological
properties of fluids. Nanoparticles can help increase viscosity and yield points by increasing the number of
contact points between particles and creating structural networks. Also, nanoparticles tend to aggregate,
especially at high concentrations. Polymers such as HPAM can help stabilize nanoparticles and prevent them
from settling. Increasing the concentration of nanoparticles usually directly affects the rheological behavior of
fluids, but this effect may be reduced at very high concentrations. This phenomenon may be due to interactions
between nanoparticles and changes in their distribution.

These findings not only help to optimize the formulation of drilling fluids but also can be influential in
developing new technologies to improve the performance of fluids in certain conditions.

Effect of nanoparticles on drilling fluid filtration
In the last part of this work, the effect of nanoparticles on drilling fluid filtration was tested. Filtration data
obtained from this experiment is presented in Fig. 6. The results showed that nanoparticles make the filter cake
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Fig. 5. Effect of various concentrations of MgO on viscosity and yield point of base fluid.
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Fig. 6. Filtration volume related to the concentration of nanoparticles in the base fluid.

No Fluid Filtration Filter cake
(mL/30 min) thickness (um)
1 Base Fluid 7 420
2 Base Fluid + 50 ppm MgO 6.5 350
3 Base Fluid + 100 ppm MgO 6 290
4 Base Fluid + 250 ppm MgO 4.5 250
5 Base Fluid + 500 ppm MgO 3 110
6 Base Fluid + 1000 ppm MgO 3.5 125

Table 1. Total filtration data after 30 min and filter cake thickness data.

(filter case) stiffer and reduce fluid filtration. The filtration of the base fluid was equal to 7 ml, which decreased
to 3 ml with the increase in the concentration of nanoparticles. This reduction shows the positive effect of
nanoparticles on reducing permeability and improving drilling fluid performance. However, increasing the
concentration of nanoparticles to more than 500 ppm did not affect this process, which could mean reaching the
saturation point or reducing the effectiveness of nanoparticles at high concentrations.

In addition, the thickness of the filter cake was measured for all fluids, and it was observed that the thickness
of the filter cake had an inverse relationship with the concentration of nanoparticles. In other words, as the
concentration of nanoparticles increases, the thickness of the filter cake decreases. This feature can help improve
the stability and efficiency of the drilling fluid and prevent particles from settling. A summary of the final
filtration data and filter cake thickness is presented in Table 1.

Several different mechanisms for these nanoparticles can describe the reduction in filtration. Firstly, the
increase in the overall viscosity of the drilling fluid can reduce the fluid flow and prevent its penetration into
rocks and soils. Secondly, the increase in the viscosity of the continuous phase of the drilling fluid, especially
in the presence of nanoparticles, can help to reduce the fluid flow rate and thus reduce filtration. Thirdly, by
strengthening the filter cake, nanoparticles can prevent further fluid penetration into the ground, reducing the
filtration rate.
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These results show the high potential of nanoparticles in improving the filtration properties of drilling fluids
and can help increase the efficiency and safety of drilling operations, especially in complex operating conditions.

Nanomaterials such as SiO,, Fe;Os, and TiO, have been extensively studied for their contributions to
drilling fluid performance. SiO, nanoparticles have demonstrated excellent thermal stability and are often used
to enhance water-based drilling fluids’ viscosity and gel strength under high-temperature and high-pressure
(HTHP) conditions. Fe,Os nanoparticles, on the other hand, contribute to improved magnetic properties and
can reduce filtration volume by forming compact and low-permeability filter cakes. TiO, nanoparticles have
been shown to enhance thermal and electrical conductivity, reduce filtration losses by up to 27%, and improve
shale recovery due to their superior particle distribution and stability at elevated temperatures. Compared to
these materials, MgO nanoparticles offer unique advantages, including their high thermal resistance, superior
adsorption capabilities, and ability to strengthen the structural integrity of drilling fluids*. Additionally, MgO
significantly reduces filtration volume by enhancing the polymer-nanoparticle interactions, resulting in better
fluid loss control and improved wellbore stability. This distinctive combination of properties makes MgO
nanoparticles particularly suitable for demanding drilling environments where temperature and stability are
critical factors.

Conclusion

This study demonstrated the effectiveness of MgO-HPAM nanocomposites in significantly improving water-
based drilling fluids’ rheological and filtration properties. By integrating MgO nanoparticles with HPAM, the
nanocomposites achieved noteworthy enhancements, including a 43% increase in yield point, a 35% rise in
viscosity, and a 40% reduction in filtration rate at optimal concentrations. Unlike conventional fluids, these
nanocomposites maintained fluid density, ensuring wellbore stability, an essential feature for drilling in high-
pressure, high-temperature environments. Additionally, stability tests confirmed the long-term homogeneity
of the nanocomposite, highlighting the critical role of HPAM in preventing nanoparticle settling. Filtration
experiments revealed that nanoparticles strengthened the filter cake, reducing permeability, optimizing fluid
performance, and minimizing wellbore complications. The study also explored nanoparticle concentration
limits, finding that while performance peaked at 500 ppm, higher concentrations led to diminishing results due
to saturation effects. MgO-HPAM nanocomposites offer a scalable, innovative solution to tackle operational
challenges in harsh drilling conditions. The findings underscore their potential to boost cost efficiency, safety,
and environmental sustainability in drilling operations, paving the way for advancements in cutting-edge
drilling fluid technologies.

Data availability
Data will be available at the academic request from the corresponding author.
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