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Abstract

The results of experiments aimed at studying the influence of various nanomaterials on the key properties of drilling
emulsions based on diesel fuel are presented. The nanomaterials used included spherical SiO2 nanoparticles with sizes
of 5 and 80 nm, single-walled and multi-walled carbon nanotubes, as well as Al.O3 nanofibers. The nanomaterials were
incorporated into standard formulations of drilling fluids containing a hydrocarbon phase of 65 %, with a mass con-
centration of nanomaterials in the emulsions reaching up to 2 %. The study examined the rheological, filtration, and
antifriction properties, as well as the colloidal stability and inhibiting capacity of the modified drilling emulsions.
It was demonstrated that even at low concentrations, the nanomaterials significantly affect the properties of drilling
emulsions, indicating their potential for practical applications. Furthermore, the use of nanotubes exhibits effectiveness
at lower concentrations (0.1 wt.%) compared to spherical nanoparticles.
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Introduction

The success of the drilling process for oil and gas wells largely depends on the proper selection
of the drilling fluid, which should fulfill a number of key functions, such as the removal of cuttings,
maintaining hydrostatic pressure in the well, cooling the drilling tool, and others [1-3]. Currently,
the industry faces technical, environmental, and economic challenges associated with the materials
previously used for drilling fluids [4-6]. The optimal technologies and reagents of the past are be-
coming less suitable for the existing drilling conditions [7, 8]. This is partly due to the active de-
velopment of fields in permafrost conditions, the drilling of increasingly deep wells, a significant
increase in the horizontal section length within the oil-bearing strata, abnormal pressure and tem-
perature at the bottom of the well, stricter environmental requirements, etc. [9-12].

Drilling practices in complex conditions demonstrate that the use of standard additives often fails
to meet all the required specifications [13]. Currently, active research is underway to find new mate-
rials that can enhance the properties of drilling fluids [14-18]. Special attention is given to the study
and application of various nanomaterials in the field of drilling operations. Due to their unique
characteristics — high specific surface area and specific physicochemical properties — nanomaterials
showcase significant potential in improving and regulating the properties of drilling fluids.
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Numerous studies aimed at investigating the effects of nano-additives on various parameters of
drilling fluids [19-21] have shown that the addition of spherical nanoparticles, both in water-based
and hydrocarbon-based systems, can substantially enhance the well-cleaning process. Nanomaterials
contribute to changes in the contact angle [22], improve anticorrosive properties [23, 24], increase
the efficiency of cuttings removal through rheological enhancements [25-27], reduce filtration
losses [28-30] and improve antifriction properties [31, 32]. All of these factors lead to improved
cleaning of the borehole and wellbore walls.

The study [33] demonstrated that at high volumetric concentrations of Al,Oz nanoparticles in a
hydrocarbon-based solution, the viscosity remains virtually unchanged. Only larger particles exhibited
an increase in viscosity as nanoparticle concentration increased. The work [26] examined the impact
of medium-sized iron oxide and silicon oxide nanoparticles (average size 50 nm) on the prope-rties
of water-based drilling fluids. A twofold increase in effective viscosity of the solution was demon-
strated at a nanoparticle concentration of 2.5 wt.%. The shear stress increased by nearly three times
as a result. The volume of filtration losses decreased with the introduction of iron oxide nanoparticles
(by 50 % at a concentration of 0.5 wt.%). Conversely, the introduction of silicon oxide nanoparticles
resulted in a 30 % increase in the volume of filtration at a concentration of 1.5 wt.%.

Contrasting results regarding the effects of these nanoparticles have also been reported in the
literature. In study [22], it was found that increasing the concentration of hydrophobic silicon oxide
nanoparticles (Aerosil R200, average particle size 12 nm) to 1.2 wt.% reduces the filtration losses
of the solution by 5 to 7 times compared to the base solution. A similar effect was observed in
work [34]. The addition of nanosized clays with particle sizes of 30-50 nm at concentrations of up to
6 wt.% led to a reduction in filtration losses by more than half compared to the use of traditional
plugging agents. In study [30], the effects of silicon oxide and copper oxide nanoparticles with an
average particle diameter of approximately 50 nm on the characteristics of water-based drilling fluids
were investigated. The results were ambiguous: the addition of copper oxide nanoparticles reduced
the plastic viscosity by 24 % at a concentration of 0.8 wt.%, while the introduction of silicon oxide
nanoparticles led to an increase in viscosity. However, in both cases, the volume of filtration de-
creased — with a maximum reduction of 31 % for silicon oxide and 24 % for copper oxide.

In study [35], a comprehensive investigation was conducted on the effect of adding 80 nm silicon
oxide nanoparticles on the properties of hydrocarbon-based drilling fluids. It was shown that with an
increase in nanoparticle concentration the exponent in the power-law model of the drilling fluid's rheo-
logical properties decreases, while the plastic viscosity, consistency index, and yield stress, on the con-
trary, increase severalfold. Furthermore, filtration losses are reduced by 50-70 %, and the coalescence
rate of the drilling emulsion decreases by more than six times upon the addition of nanoparticles.

There are significantly fewer studies focused on improving drilling fluids using carbon nano-
tubes compared to those examining the effects of nanoparticles. In article [36], the behavior of drilling
fluid upon the addition of nanotubes and spherical nanoparticles was investigated. The results indi-
cated that the addition of multi-walled carbon nanotubes (MWCNTS) is more effective in reducing
the friction coefficient compared to silicon dioxide nanoparticles. Additionally, the solution con-
taining nanotubes demonstrated improved filtration properties (reduced losses and lower filter cake
thickness). In study [37], oxidized multi-walled carbon nanotubes were employed to decrease the
permeability of the clay filter cake in water-based drilling fluids, resulting in a reduction in permea-
bility of more than 80 %. Furthermore, a significant increase in effective viscosity and yield stress
was observed at low concentrations of MWCNTSs. At the same time, the reduction of filtration
losses with a similar modification of the MWCNT solution at a concentration of only 6 % was
established in study [38].
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In article [39], an attempt was made to optimize the properties of a water-based bentonite drilling
fluid by adding different types of carbon nanotubes. Experiments showed that the introduction of a
polymer (0.25 wt.%) and an equivalent amount of nanotubes positively influenced the rheological
characteristics of the drilling fluid. An increase in temperature resulted in a decrease in plastic vis-
cosity and an increase in yield stress, indicating a process of thermal degradation of the fluid. In
study [40], the influence of the concentration of multi-walled carbon nanotubes (MWCNTS) on the
properties of water-based drilling fluid at various temperatures (ranging from 25 to 180 °C) was
analyzed. It was found that the solutions exhibited the properties of a viscoplastic fluid. As the
concentration of MWCNTSs increased, the viscosity of the drilling fluid rose. Additionally, the pro-
cess of increasing nanotube concentrations resulted in a more monotonous viscosity-temperature
relationship.

The literature review indicates that MWCNTSs are increasingly used to enhance the properties
of drilling fluids. There is a notable lack of studies that utilize single-walled carbon nanotubes
(SWCNTSs) for these purposes. However, the use of SWCNTSs appears to be more promising, as
demonstrated in the work of the authors [41], which presents the results of a comprehensive com-
parative analysis of hydrocarbon-based drilling fluids modified with MWCNTs and SWCNTSs. It was
shown that very small additions of carbon nanotubes could significantly regulate the main functional
characteristics of drilling fluids. For instance, adding just 0.025 wt.% of single-walled nanotubes in-
creases the effective viscosity by approximately 45 %, the yield point by 1.7 times, reduces filtration
losses by 55 %, and decreases the friction coefficient by 20 %. It was also noted that the use of
SWCNTs is several times more effective compared with MWCNTS.

In the majority of existing studies on this topic, the effects of nanomaterials are examined in
relation to a rather limited number of individual parameters of drilling fluids, typically focusing on
rheology and filtration losses. However, modern drilling fluids are subject to a diverse array of require-
ments that necessitate systematic investigations. Most studies concerning the influence of various na-
nomaterials have been conducted for water-based drilling fluids. Nevertheless, in practice, the most
promising solutions for drilling in complex conditions are hydrocarbon-based fluids, which consist
of inverse emulsions. Current scientific literature lacks sufficient information on how the addition of
nanoparticles and carbon nanotubes specifically affects the functional properties of hydrocarbon-
based drilling fluids, particularly regarding single-walled carbon nanotubes. Furthermore, due to the
use of various nanomaterials and compositions of base fluids, the research conducted by different
scientists remains fragmented and disjointed. As a result, drawing conclusions about the effectiveness
of specific nanomaterial additives is currently challenging. This work is dedicated to the results of
systematic experiments investigating the influence of different nanomaterial additives on the viscosity,
rheology, filtration and antifriction properties, as well as on the colloidal stability and swelling
kinetics of clays in hydrocarbon-based drilling fluids.

Methods

The base drilling fluid of hydrocarbon composition is an inverse emulsion (water in oil). For its
preparation, a standard ratio of 65 % hydrocarbon phase (diesel fuel) and 35 % aqueous phase was
selected. A detailed synthesis of drilling fluids using nanomaterials is presented in works [41, 42].
First, a highly concentrated aqueous solution of KCI with a density of 1100 kg/cm® was prepared.
Subsequently, the nanomaterial was added to this solution, and the resulting suspension was treated
with ultrasound using the “Volna-M” disperser (22 kHz, 400 W). The suspension was then mixed
with the diesel fuel under continuous stirring in a high-speed mixer (OFITE 152-18 — Princle Castle).
Components were gradually introduced into the prepared dispersion medium according to the formu-
lation (Table 1). After the addition of each component, the solution was mixed thoroughly. Initially,
organophilic clay was introduced into the dispersion medium to enhance the structural-mechanical
properties and promote the formation of a filter cake. Non-ionic emulsifier and hydrophobizing agent
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were then added to stabilize the emulsion, ensuring Table 1
uniform wettability of the solid phase. During Formulation of drilling fluids with nano-additives
the laboratory investigations and preparation of

- . Mass
drilling fluids, the authors adhered to accepted Component Amount 1 o ncentration
international standards for determining the pa- qrocarbon Dispersion Medium, ml | 195 55.6
rameters of drilling fluids as outlined by API. CaCl. Brine, ml 88.3-94.1 | 385-40.4

To modify the drilling fluid, hydrophobic na- Emgg;‘:rrén' g? 21-146
nosizgd particl_es of pyrogenic silica, treated yvith Hydrophobizing Agent , ml 13 0375
polydimethylsiloxane, were used. These particles SiOz g 6.12 2
had average sizes of 5 and 80 nm, referred to as > T v 3 o
S149 and S24, respectively. Multi-walled carbon  anF, g 0.75;3.03 | 0.25;1

nanotubes (MWCNTS) with an inner diameter of

5-15 nmand an outer diameter of 8-30 nm were considered, with lengths exceeding 5 um; the number
of layers ranged from 30 to 40, and the specific surface area was above 270 m?/g. Additionally, single-
walled carbon nanotubes (SWCNTS) with an average diameter of 1.6+0.4 nm and lengths greater than
4 um were employed. The specific surface area, according to BET (Brunauer — Emmett — Teller)
analysis, was 510 m?/g. Aluminum oxide nanofibers (y-Al.Os) produced through a process based on
the oxidation of molten aluminum in a controlled gas environment (ANF) were also used.

The following functional characteristics of the hydrocarbon-based drilling fluid modified with
nanomaterials were investigated: rheology and micro-rheology, fluid loss and filtration cake friction
coefficient, colloidal stability, and the ability of the drilling fluid to inhibit the hydration of clays.

Rheology was studied under standard conditions (T = 25 °C, P = 1 atm) using a rotational vis-
cometer (Ofite 900). The confidence interval for measurement errors did not exceed 2 %. Filtration
losses were assessed after passing the drilling fluid through a paper filter using the Ofite 12BL-6 filter
press at T =25 °C and P = 7 atm for 30 min. The lubricating properties of the drilling fluid were
determined by the linear friction coefficient of the resulting filtration cake. The colloidal stability
of the samples was monitored using a Turbiscan analyzer, which enables the analysis of the stability
of moving samples based on the optical method of multiple light scattering. The inhibiting capacity
of the drilling fluid was measured using the Ofite 150-80 linear swelling tester, which can conduct
studies on the interaction between moving fluids and samples of inorganic rocks containing chemi-
cally reactive clays.

Discussion of results

Viscosity of drilling fluids modified with nanoparticles. A systematic investigation of the viscosity
and rheology of drilling emulsions modified with nanomaterials was initially conducted. Viscosity con-
trol is a critical step in the development of new drilling fluid formulations, as it determines the flow
regimes of the drilling fluid, the efficiency of cuttings transportation to the surface, hydraulic resistances
in the circulation system, and various other factors. The measurement results are presented in Fig.1.

Drilling fluids are classified as non-Newtonian liquids, and their viscosity depends on the shear
rate. All investigated drilling emulsions exhibit the characteristics of viscoplastic non-Newtonian fluids
and possess a yield point, as evident from the flow curves (Fig.1).

The analysis results demonstrate that the nanomaterials employed contribute to an increase in
the effective viscosity of drilling fluids even at low concentrations. For instance, the addition of
2 wt.% of SiO2 nanoparticles enhances the viscosity by 20 %. To achieve a similar change in the
viscosity of the drilling fluid with nanofibers, a concentration that is an order of magnitude lower
(0.25 wt.%) is needed compared to spherical nanoparticles, whereas for nanotubes, the required con-
centration is nearly two orders of magnitude lower (0.1 wt.%). When modifying with spherical par-
ticles, it is important to consider their size — smaller particles have a more pronounced effect on the
properties of the fluid. Specifically, at low shear rates, the viscosity of the drilling emulsion modified
with 18 nm nanoparticles is 47 % higher than the effective viscosity of the drilling fluid that includes
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Fig.1. Dependence of viscosity (a) and shear stress (b) on shear rate for modified drilling fluid

S149 2 % and S24 2 % refer to the addition of 2 wt.% of nanoparticles with average sizes of 5 and 80 nm, respectively, to the base fluid;
MWCNT 0.25 % denotes the addition of 0.25 wt.% of multi-walled carbon nanotubes;
SWCNT 0.1 % represents the addition of 0.1 wt.% of single-walled carbon nanotubes;
ANF 0.25 % and ANF 1 % indicate the addition of 0.25 and 1 wt.% of alumina nanofibers

80 nm nanoparticles. This can be regarded as a very significant result, as it indicates substantial
modification of the drilling fluid properties across a wide range of concentrations and nanomaterial
additives. Moreover, the solution fully retained its colloidal stability.

To analyze the viscosity dependence on shear rate, three common rheological models were

employed:
* Power-law model

w=Kym

where K is the consistency coefficient in Pa-s”; n is the nonlinearity index;

* Bingham plastic model

k= (rotkvy)ly,
where 10 is the yield stress in Pa; ky is the plastic viscosity in mPa-s;

* Herschel — Bulkley model

= (rotKy")ly.
A comparison of the rheological parameters obtained using these models is presented in Table 2.

Table 2
Parameters of models describing the rheology of inverse emulsions with nano-additives
Mass concentration Power-law model Bingham plastic model Herschel — Bulkley model
of nano-additives w,
Wt.% K, Pa:s" n R? 10, Pa ky, CP R? 10, Pa K, Pa-s" n R?

Base Fluid 1.6969 | 0.3516 | 0.9605 4913 19.49 0.9735 293 0.452 0.519 0.9998
S1492 % 1.4072 | 0.3851 0.967 4.617 20.514 0.966 2.69 0.393 0.549 0.9999
S242% 0.8572 | 0.4487 | 0.9669 3.238 21.062 | 0.9817 1.849 0.255 0.614 0.9997
SWCNT 0.1 % 2.6642 | 0.3337 | 0.9615 7.349 26.324 | 0.9712 4.421 0.696 0.501 0.9998
MWCNT 0.25 % 2.2776 0.348 0.9655 6.61 25.017 | 0.9692 3.936 0.608 0.514 0.9998
ANF 0.25 % 15667 | 0.3649 | 0.9662 4.787 19.674 | 0.9701 2.284 0.426 0.53 0.9996
ANF 1 % 1.6362 | 0.3856 | 0.9583 5.165 24.94 0.9779 3.036 0.45 0.555 0.9997
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Values of the correlation coefficient R? for the approximation of flow curves using the corre-
sponding rheological model were determined by the least squares method. The analysis indicated that
the Herschel — Bulkley model best describes the rheology of drilling fluids. For fluids containing
hydrocarbon nanotubes, the plastic viscosity, consistency measure, and yield stress are significantly
higher. The nonlinearity index is comparable for all examined fluids.

Colloidal stability of drilling fluids modified with nano-additives. Drilling fluids constitute com-
plex multicomponent liquids with a high content of hydrocarbon and solid phases, exhibiting a wide
particle size distribution. Additionally, during the drilling process, the fluid must remain a stable
colloidal system. However, drilling emulsions with a high concentration of hydrocarbon phase are
often susceptible to coalescence processes. The rate of destabilization increases particularly upon
heating the drilling fluid. During the operation of drilling fluids, it is often necessary to work at ele-
vated temperatures; therefore, stability is a significant concern. A literature review reveals that com-
parisons of various nanomaterials for stabilizing inverse drilling emulsions are currently lacking.

This study investigates the effect of nano-additives on the colloidal stability of drilling emulsions
under standard conditions. The research was conducted using a Turbiscan LAB analyzer. The be-
havior of the transmission coefficient and backscattering of light for samples of drilling emulsions
with nano-additives was examined. The destabilization rate of these processes is quantitatively ana-
lyzed using the destabilization index (TSI — Turbiscan stability index). This parameter is calculated
as the integrated height difference of the backscattering light profiles at different time intervals.
A lower TSI value indicates a more stable drilling fluid sample. Figure 2 illustrates the behavior of
the destabilization index of the drilling emulsion with nano-additives over time, after which the sam-
ple was allowed to remain at rest. The dependence of emulsion stability on the aspect ratio of the
nanomaterials is clearly observable — for SWCNTSs (Single-walled carbon nanotubes), it is an order
of magnitude larger compared to MWCNTSs (Multi-walled carbon nanotubes). This significant dif-
ference in aspect ratio causes substantial variations in the degree of influence that nanotubes have on
the properties of drilling fluids. For instance, as shown in Fig.2, with an increase in aspect ratio and
concentration of nano-additives, the TSI index decreases monotonically. This indicates that the nano-
additive significantly stabilizes the drilling emulsion. It was also established that, at a concentration
of 2 wt.% of spherical 5 nm SiO2 nanoparticles,
the rate of emulsion destabilization decreases by
approximately twofold. The kinetics of destabi-
lization for drilling fluids containing 0.1 wt.%
of single-walled nanotubes reduces this rate by
3.5 times. Data analysis indicated that the base
model of the hydrocarbon-based solution was
well fitted. Compared to water-based solutions,
its colloidal stability is at a relatively high level
(TSI index =~ 4 against 15 for water-based solu-
tions), and the addition of nanomaterials further
enhances its stabilization.

Thus, it was demonstrated that the addition
of nanomaterials decreases the kinetics of de-
stabilization of the drilling fluid, with this effect
being more pronounced at higher concentrations
of nano-aditives and increased aspect ratios.

Filtration and antifriction properties of

TSI

A ) . ; O Fig.2. Kinetics of destabilization of drilling fluids
drilling fluids modified with nano-additives. with additives of various nanomaterials

Filtration losses are a well-known problem in Refer to the symbols see in Fig.1
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drilling oil and gas wells. Minimizing fluid losses and forming a thin filtration cake with low perme-
ability by using a suitable additive for filtration control is crucial for preventing instability in the
wellbore. Specifically, fluid penetration into hydrocarbon-bearing strata can lead to reservoir damage
and a decrease in productivity by blocking hydrocarbon flow pathways or causing casing collapse.
The absorption of drilling fluid in overlying strata can result in differential sticking of drilling tools
due to sharp pressure drops or complete loss of wellbore stability. This causes significant complica-
tions during the drilling process and incurs substantial costs in well construction.

To determine filtration properties according to APl methodology, the volume of liquid that
passes through the filter is measured 30 min after the filtration starts. Drilling fluid tests were con-
ducted under low pressure and low temperature (LTLP). Filtration losses were assessed using a paper
filter at a pressure of 7 atm. The relationship between fluid loss of the hydrocarbon-based drilling
fluid on a diesel fuel basis and the concentration of nanomaterials is illustrated in Fig.3, a. All exami-
ned nanomaterials lead to a reduction in the filtration losses of the base drilling fluid. In particular,
the maximum reduction (by a factor of 10) is achieved with the addition of aluminum oxide
nanofibers at a concentration of 1 wt.%. The other nanomaterials result in reductions averaging
1.5-2 times, which also significantly affects the fluid loss of the drilling fluid and contributes to main-
taining wellbore stability.

The lubricating properties of the flushing fluid also influence the efficiency of the drilling pro-
cess. A drilling fluid with high lubricating properties can increase the rate of penetration, significantly
reducing costs during well construction. Conversely, inadequate lubrication can lead to wear of the
drill bit and casing, increased tensile forces and resistance during tool deployment, issues with torque,
and potential sticking. Additionally, it has been established that the primary causes of drilling tool
sticking, which is among the complex failures in drilling, are the poor lubricating ability of the drilling
fluid and a thick filtration cake. For an effective and trouble-free drilling process, it is crucial that the
filtration cake of the drilling fluid has the lowest possible friction coefficient when in contact with
the wellbore wall.

To simulate the friction effect of the drill pipe against the wellbore wall, standard testing of
drilling fluid involves measuring the friction coefficient of the filtration cake. The dependence of the
friction coefficient of the hydrocarbon-based drilling fluid filtration cake on the concentration of
nanotube additives is presented in Fig.3, b. The addition of aluminum oxide nanofibers does not alter
the friction coefficient of the drilling fluid, whereas small-diameter spherical nanoparticles and
carbon nanotubes significantly impact this parameter. Single-walled carbon nanotubes, at a minimum
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Fig.3. Dependence of water yield (a) and friction coefficient (b) of drilling fluids with additives of various nanomaterials
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nano-additive concentration of 0.1 wt.%, reduce 5
the friction coefficient of the drilling fluid by a fac-

tor of 3.7. In the case of spherical nanoparticle ad-

ditives in the drilling fluid, the primary mechanism 4
for reducing friction is considered the so-called
ball-bearing mechanism, in which nanoparticles
fill the spaces within the filtration cake between
the coarse dispersed particles of the fluid. This
leads to improved rolling of metal surfaces 2
against each other. In contrast, the mechanism for
reducing friction with nanotubes is different. It
has been shown that carbon nanotubes signifi-
cantly reduce the friction coefficient of the filtra-

%

S,

tion cake, facilitating substantial optimization of 0

the drilling process by decreasing the likelihood 20 60 100 140 180
of drill tool sticking, increasing the rate of pene- th

tration, and preserving the lifespan of the rock- Fig.4. Dependence of linear swelling of clay rock samples

in drilling fluids modified with various nanomaterials

breaking tool.
Refer to the symbols in Fig.1

Inhibition of clay by drilling fluids modified
with nano-additives. Another important property of
drilling fluids is their ability to inhibit the swelling of clay minerals. During the drilling process, the
drilling fluid interacts with the wellbore walls, which are composed of clay and other minerals.
Consequently, the aqueous phase present in the fluid promotes the swelling of clay, leading to the
loosening and collapse of the wellbore walls. Therefore, it is essential that the drilling fluid aids in
inhibiting clay swelling. This study presents a comparative analysis of the effects of various nano-
additives on the swelling rate of clay cylinders in diesel oil-based drilling fluids for the first time. The
kinetics of clay swelling were examined using the Ofite 150-80 apparatus. For the experiments, mont-
morillonite clay cylinders measuring 28x12 mm and having a high degree of hydration were com-
pressed, and changes in their linear dimensions during the hydration process were measured.

Analysis of the results indicated that the addition of carbon nanotubes increased the clay hydra-
tion rate by approximately 25 % compared to the base fluid (Fig.4). This can be considered a negative
aspect from the perspective of maintaining the stability of wellbore walls. However, the selected base
drilling fluid already exhibits a very high rate of clay swelling (around 70 %). The presence of carbon
nanotubes does not significantly degrade the inhibitory capacity of this fluid. In contrast, spherical
silica nanoparticles and alumina nanofibers further enhance the inhibition of clay in hydrocarbon-
based drilling fluids. Specifically, the maximum concentration of nanofibers at 1 wt.% results in a
1.5-fold reduction in clay hydration, thereby making this material a viable inhibitor for drilling clay-
containing formations.

Quantitative comparison of the results obtained in this study with those of other authors is not
feasible, as different researchers employ varying formulations and chemical reagents for preparing
even the base drilling fluids, let alone the nano-modified ones. The diversity of materials used, along
with their concentrations, sizes, and morphologies of nanoparticles, is extensive; therefore, so the
concept of quantitative comparison is hardly applicable here the concept of quantittive comparison is
hardly is hardly applicable in this context. However, a qualitative analysis of the results indicates that
they generally align with the findings of other researchers who have operated under similar condi-
tions. This observation pertains to the main trends in the modification of drilling fluid properties
through the incorporation of nanomaterials.
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Conclusion

This study represents the first comprehensive investigation of the influence of various nano-
materials on the key functional properties of hydrocarbon-based drilling fluids, containing 65 %
hydrocarbon phase. Different shapes, materials, and sizes of particles were considered as modifiers.

Key findings:

« Nanomaterials have a significant impact on the properties of hydrocarbon-based drilling emul-
sions, with nanotubes showing greater efficacy at lower concentrations compared to spherical nano-
particles. The difference becomes evident at a concentration of nanotubes as low as 0.1 wt.%.

» With an increase in the aspect ratio and concentration of nano-additives, the destabilization of
drilling fluids monotonously decreases. A more significant effect on emulsion stabilization is ob-
served for nanotubes compared to spherical nanoparticles. At a concentration of 2 wt.% of 5 nm silica
nanoparticles, the rate of emulsion destabilization decreases by approximately twofold. The kinetics
of destabilization for drilling fluids containing 0.1 wt.% of single-walled nanotubes results in a re-
duction of this parameter by 3.5 times. It has been demonstrated that the addition of nanomaterials
significantly reduces the kinetics of destabilization of the drilling fluid, with a greater effect observed
at higher concentrations of nano-additives and their aspect ratios.

+ All the examined nanomaterials lead to a reduction in the filtration losses of the base drilling
fluid. Notably, the maximum reduction (by a factor of 10) is achieved with the addition of alumina
nanofibers at a concentration of 1 wt.%. The use of other nanomaterials results in a decrease in
filtration losses by an average of 1.5 to 2 times, which also significantly impacts the yield of the
drilling fluid.

« The addition of alumina nanofibers does not alter the friction coefficient of the drilling fluid,
however, small-diameter spherical nanoparticles and carbon nanotubes significantly affect this pa-
rameter. Specifically, single-walled nanotubes at a minimal concentration of 0.1 wt.% reduce the
friction coefficient of the drilling fluid by a factor of 3.7.

* The incorporation of spherical silica nanoparticles and alumina nanofibers results in enhanced
inhibition of clay by hydrocarbon-based drilling fluids modified with these nanomaterials. Notably,
the maximum concentration of 1 wt.% of nanofibers leads to a 1.5-fold reduction in clay hydration,
enabling the use of this material as an inhibitor in the drilling of clay-bearing formations. The intro-
duction of nanotubes into the drilling fluid increases the rate of clay swelling; however, this increase
is insignificant even when compared to the degree of hydration of clay formations when interacting
with water-based drilling fluids.
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