
http://nanobuild.ru	 info@nanobuild.ru

Nanotechnologies in construction
Нанотехнологии в строительстве

2026; 18 (4): 
521–528

ISSN 2075-8545 (online) 

521

THE RESULTS OF THE SPECIALISTS’ AND SCIENTISTS’ RESEARCHES

Original article
https://doi.org/10.15828/2075-8545-2026-18-4-521-528

ABSTRACT
Introduction. The article addresses the problem of improving the lubricating capacity of drilling fluids to reduce the coefficient 
of friction in a ”metal-to-metal“ pair, which is crucial for preventing stuck pipe incidents and reducing equipment wear during 
directional and horizontal drilling. Methods and materials. An analysis of modern approaches to the use of lubricating additives 
in drilling fluids is presented. The effect of various types of additives – paraffins, ”EZО“ nano-additive, fatty acids, waste oil, as 
well as compositions with surfactants – on the coefficient of friction and friction reduction efficiency in a polymer-clay fluid was 
experimentally studied. Tests were conducted on an OFITE E.P. lubricity tester at additive concentrations ranging from 0.2–2.0% 
by volume. It was shown that the greatest effect is achieved with the combined use of surfactants and nano-hydrocarbon com-
ponents, providing a reduction in the coefficient of friction of up to 71% at an oil content of 2%. Results and discussion. Optimal 
component concentrations were established and synergy effects were identified upon the combined introduction of additives. The 
obtained results allow recommending the developed nano-compositions for use under high-load conditions in a ”metal–metal“ 
friction pair during high-angle drilling. Conclusion. Based on the conducted research, it was established that the highest efficiency 
(reduction of the friction coefficient up to 71%) is achieved with the combined use of surfactants and waste oil at a concentration 
of 2%. A synergistic effect was revealed upon the combined introduction of additives, and it was also established that exceeding 
the oil concentration above 0.5% reduces the efficiency of most additives, with the exception of compositions with surfactants. 
The developed formulations are recommended for use as a cost-effective and efficient alternative for lubricating ”metal-to-metal“ 
sliding contact during horizontal drilling.

KEYWORDS: drilling fluids, coefficient of friction, lubricating additives, waste oil, surfactants, nano-additives, tribology, horizontal 
drilling, polymer-clay fluid
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AННОТАЦИЯ
Введение. В статье рассматривается проблема повышения смазывающей способности буровых растворов для снижения 
коэффициента трения в паре «металл–металл», что имеет ключевое значение для предотвращения прихватов бурильного 
инструмента и снижения износа оборудования при бурении наклонно-направленных и горизонтальных скважин. Методы 
и материалы. Приведен анализ современных подходов к использованию смазочных добавок в буровых растворах. Экс-
периментально исследовано влияние различных типов присадок – парафинов, нанодобавки «ЭZО», жирных кислот, отра-
ботанного масла, а также композиций с поверхностно-активными веществами – на коэффициент трения и эффективность 
снижения трения в полимер-глинистом растворе. Испытания проведены на установке OFITE E.P. lubricity tester в интервале 
концентраций добавок 0,2–2,0% по объему. Показано, что наибольший эффект достигается при комплексном использовании 
ПАВ и наноуглеводородных компонентов, обеспечивающем снижение коэффициента трения до 71% при содержании масла 
2%. Результаты и обсуждение. Установлены оптимальные концентрации компонентов и выявлены эффекты синергизма 
при совместном введении добавок. Полученные результаты позволяют рекомендовать разработанные нанокомпозиции 
для применения в условиях высоких нагрузок в паре «металл–металл» при бурении с большими отходами от вертикали. 
Заключение. На основе проведенных исследований установлено, что наибольшая эффективность (снижение коэффици-
ента трения до 71%) достигается при комплексном использовании поверхностно-активных веществ (ПАВ) и отработанного 
масла в концентрации 2%. Выявлен синергетический эффект при совместном введении добавок, а также установлено, что 
превышение концентрации масла свыше 0,5% снижает эффективность большинства присадок, за исключением композиций 
с ПАВ. Разработанные рецептуры рекомендованы для применения в качестве экономичной и эффективной альтернативы 
для смазки пар трения «металл–металл» при бурении горизонтальных скважин.

КЛЮЧЕВЫЕ СЛОВА: буровые растворы, коэффициент трения, смазочные добавки, отработанное масло, ПАВ, нанодобавки, 
трибология, горизонтальное бурение, полимер-глинистый раствор
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INTRODUCTION

Modern technologies for constructing oil and gas wells 
involve a significant increase in the length of horizontal 
sections and the complexity of the wellbore profile [1, 2]. 
According to estimates by service companies, the share 
of wells with horizontal completions in the total drilling 
volume in 2023–2025 exceeded 60% in a number of oil 
and gas regions [25]. Under such conditions, the drill 
string experiences increased loads due to friction against 

the wellbore walls and casing pipes. High torques and 
resistance forces during tripping operations not only in-
crease energy consumption but also create the risk of dif-
ferential sticking, which leads to accidents and increased 
well construction costs [3, 4].

Traditional water-based lubricating additives can 
reduce friction, but their effectiveness is limited under 
high contact loads, and some formulations may negatively 
affect the technological parameters of the fluid [5–9]. 
Furthermore, at high inclination angles, conventional 
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−	 Bentonite – mixing for 20 min for hydration;
−	 PAC-LV – mixing for 15 min;
−	 CaCO3 – mixing for 10 min.

After preparation, the fluid was aged for 24 hours to 
stabilize its properties.

Tested additives and their introduction

The following types of additives were studied in this 
work:
−	 liquid paraffins (concentrations 0.2%; 0.5%; 1.0%);
−	 EZО additive (0.2%; 0.5%);
−	 fatty acids (soaps) (0.2%; 0.5%);
−	 waste motor oil (0.25%; 0.5%; 1.0%; 2.0%);
−	 composition «surfactant + liquid paraffins» (2% sur-

factant).
The introduction of additives was carried out in two 

stages: first, the additive was mixed with a small volume 
(10% of the total volume) of the base fluid in a laboratory 
beaker, then the resulting mixture was mixed on a high-
speed mixer (IKA T25) at 10,000 rpm for 15 min. After 
that, the composition was added to the remaining volume 
of the fluid and mixed for 20 min at 1500 rpm. The fluid 
was aged for 24 hours before testing.

Tribological tests

The evaluation of lubricating ability was carried out on 
an OFITE E.P. Lubricity Tester (model 112-00), compli-
ant with API 13B-1 requirements.

Test conditions:
−	 friction pair: standard block made of AISI 3135 steel 

pressed against a rotating ring made of AISI 4620 steel;
−	 load: 150 inch-pounds (16.95 N·m);
−	 ring rotation speed: 60 rpm;
−	 test duration: 10 min until steady-state friction regime 

was established;
−	 temperature: 24±2 °C.

The coefficient of friction (μ) was calculated using 
the formula:

μ = M⋅K⋅F,� (1)

where M – measured torque (N·m);
K – instrument calibration coefficient (1.47);
F – normal force (N).
Friction reduction efficiency (Δμ, %) was determined 

relative to the base fluid:

,� (2)

where μ_base – coefficient of friction of the base fluid 
(without additives);

μ_test – coefficient of friction of the fluid with the 
tested additive.

lubricants can be washed away from the friction surface, 
failing to provide a stable protective layer [8].

In recent years, the direction of using surfactants 
and hydrocarbon components as modifiers of lubricat-
ing properties has been actively developing [10, 11]. Due 
to their ability to adsorb on the metal surface and form 
boundary layers, such additives can significantly alter the 
friction mechanism, reducing the coefficient of friction 
even at relatively low concentrations [12, 13]. Studies show 
that compositions based on waste oil and surfactants can 
improve the tribological characteristics of drilling fluids 
[14, 15, 21–24].

Despite the existing progress, a practical gap remains 
in the available literature: many works are focused on 
individual types of additives, do not always consider syn-
ergistic effects when they are used together, and also do 
not provide comparisons in a single base formulation and 
under identical test conditions on a «metal-to-metal» 
pair. In this regard, there is a need for a systematic study 
that allows evaluating both the individual efficiency of 
various additives and their combined effect in a polymer-
clay fluid.

To fill this gap, the present work investigates the ef-
fect of paraffins, the EZО additive, fatty acids (soaps), 
waste oil, as well as compositions with surfactants on 
the coefficient of friction of a polymer-clay fluid in a 
«metal-to-metal» pair. The evaluation was carried out 
for additive concentrations of 0.2%; 0.5%; 1.0%; and 
2.0% by volume with determination of friction reduc-
tion efficiency.

Stages of the study:
−	 Preparation of the base polymer-clay fluid and its 

modification with lubricating additives at specified 
concentrations.

−	 Conducting tribological tests on an OFITE E.P. lu-
bricity tester and determination of optimal types and 
concentrations of additives.

−	 Evaluation of synergistic effects when using additives 
together against a background of waste oil.

−	 Analysis of the effect of oil concentration on the ef-
ficiency of lubricating components.

METHODS AND MATERIALS

Preparation of the base polymer-clay fluid

For the experiments, a polymer-clay fluid (PCF) of 
the following composition was used as a base, wt.%:
−	 technical water – balance;
−	 bentonite (PBMB) – 4%;
−	 polyanionic cellulose low viscosity (PAC-LV) – 0.4%;
−	 marble chips (CaCO₃, fraction 5–50 µm) – 5%.

The fluid was prepared using a high-speed mixer with 
a rotation speed of 1500 rpm. Sequence of component 
addition:
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For each composition, no fewer than five parallel mea-
surements were performed, and gross errors were excluded 
(Grubbs' criterion). Statistical processing was carried out 
using one-way analysis of variance (ANOVA) followed 
by post-hoc testing (Tukey HSD). The significance level 
was taken as p < 0.05.

RESULTS AND DISCUSSION

Effect of additives on the coefficient of friction and 
efficiency in the base fluid

Table 1 presents the test results of additives introduced 
directly into the base formulation without the addition 
of oil.

As can be seen from the data, the highest efficiency 
is demonstrated by the EZO additive, providing a reduc-
tion in the coefficient of friction by 87.4–87.7% even 

at a minimum concentration of 0.2%. However, given 
the high cost of this reagent, its use in pure form may 
be economically unjustified. An alternative is waste oil, 
which, despite its modest efficiency (26.5–26.8%), has 
a low cost.

Effects of combined use of lubricating additives 
against a background of oil

To evaluate synergistic effects, the additives were in-
troduced into a fluid containing waste oil at concentra-
tions of 0.25–2.0%. The results are presented in Table 2.

Analysis of the obtained data allows identifying 
several patterns

When small amounts of oil (0.25%) are added, a syn-
ergistic effect is observed. For the composition of BF 

Table 1. Effect of additives on the coefficient of friction and friction reduction efficiency in the base fluid

Fluid composition Additive concentration, % Coefficient of friction (CoF) Efficiency, %

BF (Base Formulation) – 0,373 –

BF + paraffins
0.2 0.333 10.72%

0.5 0.319 14.48%

BF + EZO
0.2 0.047 87.40%

0.5 0.046 87.67%

BF + fatty acids (soaps)
0.2 0.304 18.50%

0.5 0.289 22.52%

BF + waste oil
0.2 0.274 26.54%

0.5 0.273 26.81%

Table 2. Effect of additives against a background of oil in a freshwater fluid

Fluid 
composition

Additive 
concentration Parameter

Oil concentration

0.25% 0.5% 1.0% 2%

BF + liquid paraffins

0.20%
CoF 0.245 – 0.311 –

Efficiency, % 34.32% – 16.62% –

0.50%
CoF 0.295 – – –

Efficiency, % 20.91% – – –

1%
CoF 0.345 – – –

Efficiency, % 7.51% – – –

BF + EZO 0.20%
CoF 0.244 – 0.312 –

Efficiency, % 34.58% – 16.35% –

BF + fatty acids

0.20%
CoF 0.265 – – –

Efficiency, % 28.95% – – –

0.50%
CoF 0.241 – – –

Efficiency, % 35.39% – – –

BF + surfactant + 
liquid paraffins 2%

CoF 0.229 0.167 0.151 0.108

Efficiency, % 38.61% 55.23% 59.52% 71.05%
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containing oil and liquid paraffins (0.2%), the efficiency 
percentage is 34.32%, which is significantly higher than 
that of the same additive but without oil (10.72% in Ta-
ble 1). A similar pattern is observed for the EZO additive 
and fatty acids.

An increase in oil concentration above 0.5% leads 
to a decrease in additive efficiency. For BF containing 
oil and liquid paraffins, increasing the oil fraction from 
0.25% to 1.0% reduces efficiency from 34.32% to 7.51%. 
This dynamics indicates either a dilution effect or in-
compatibility of components: an excess of oil prevents 
the active elements of the additives from creating a stable 
protective film.

When using surfactants in the composition of BF 
with oil and liquid paraffins, it leads to a reduction in 
the coefficient of friction. At a low content of oil (0.25%) 
and liquid paraffins (0.2%) in BF, the coefficient of 
friction is 0.229, and the friction reduction efficiency 
is 38.61%. However, at high oil concentrations (2%), 
the presence of surfactants demonstrates anomalously 
high efficiency of up to 71.05% (coefficient of friction 
is 0.108). It is possible that the surfactant is a critical 
component that works only in highly concentrated oil 
media, acting as an emulsifier or stabilizer of the lubri-
cating layer structure.

Effect of drilling fluid mineralization on additive 
efficiency

To assess the effect of drilling fluid mineralization on 
additive efficiency, experiments were conducted with BF 
mineralized with potassium chloride (KCl). The results 
are presented in Table 3. The coefficient of friction for 
BF + KCl is 0.123.

Thus, in the KCl environment, the overall level of the 
coefficient of friction is lower than in the base fluid. At 
high oil concentrations (2%), the fluid with surfactant 
provides a friction reduction of 53.66%.

Conclusion

Based on the experimental data, three key mecha-
nisms can be identified that operate in the studied com-
positions.

Formation of an adsorption film. Polar molecules (e.g., 
fatty acids and surfactants) settle on the metal surface, 
creating a thin boundary layer that is easily sheared. This 
leads to a reduction in the coefficient of friction under 
boundary lubrication conditions [5, 8]. If hydrocarbons 
are additionally introduced, the stability of this layer in-
creases, which enhances the effect.

Table 3. Effect of additives against a background of oil in a mineralized fluid

Fluid composition Additive 
concentration Parameter

Oil concentration

0.25% 0.5% 1.0% 2%

BF + KCl + oil
CoF 0.106 – – –

Efficiency, % 13.82% – – –

BF + KCl + liquid 
paraffins

0.20%
CoF – 0.106 0.074 –

Efficiency, % – 13.82% 39.84% –

0.50%
CoF 0.121 – – –

Efficiency, % 1.63% – – –

1%
CoF 0.116 – – –

Efficiency, % 5.69% – – –

BF + KCl + EZO

0.20%
CoF – 0.114 0.115 –

Efficiency, % – 7.32% 6.50% –

0.5
CoF 0.106 0.101 – –

Efficiency, % 13.82% 17.89% – –

BF + KCl + fatty acids

0.20%
CoF – 0.117 – –

Efficiency, % – 4.88% – –

0.50%
CoF 0.095 – – –

Efficiency, % 22.76% – – –

BF + KCl + surfactant 
+ liquid paraffins 2%

CoF – 0.087 0.061 0.057

Efficiency, % – 29.27% 50.41% 53.66%
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Appearance of a «third body». Microscopic solid par-
ticles (including wear products or components of waste 
oil) can act as an interlayer separating the rubbing pairs. 
However, when there is too much oil (more than 0.5%), 
the active components literally «drown» in it — hence the 
drop in efficiency when it is in excess.

Colloidal structure with the participation of surfactants. 
At high oil dosages (2.0%), the surfactant begins to act as 
an emulsifier, stabilizing a fine emulsion. Such an emul-
sion forms a stable film with anomalously low frictional 
resistance. This conclusion is confirmed by a sharp in-
crease in efficiency when transitioning from 1.0% to 2.0% 
oil when a surfactant is present in the composition.

Our findings are in good agreement with literature 
data [14, 15, 17], which show that the combination of 
hydrocarbons and surfactants provides synergy in fric-
tion reduction.

CONCLUSION

It has been experimentally proven that mixed lubri-
cants based on waste oil, surfactants and standard addi-
tives (paraffins, EZO, fatty acids) effectively improve the 
tribology of polymer-clay drilling fluids.

The greatest effect (friction reduction of 87.7%) is 
provided by the EZO additive, but its use is constrained 
by its high cost. Waste oil itself without additives reduces 
friction by 26.5–26.8%, which is advantageous in terms 
of cost.

A synergistic effect was found in the presence of 
0.25% oil: the efficiency of liquid paraffins increases 
from 10.72% to 34.32%, and of fatty acids — from 
22.52% to 35.39%.

Exceeding the threshold of 0.5% oil worsens the per-
formance of most additives due to competition for the sur-
face and dilution. The only exception is the composition 
with surfactant: at 2.0% oil, its efficiency reaches 71.05% 
due to the formation of a stable emulsion structure.

In a saline environment (KCl), the patterns are not 
disrupted: the mixture of surfactant with 2.0% oil reduces 
friction by 53.66%, which indicates the reliability of the 
proposed mechanism even under conditions of high min-
eralization.

Thus, the developed compositions based on waste oil 
and surfactants can be recommended as a cheap and ef-
fective alternative for lubricating «metal-to-metal» sliding 
contact during drilling of horizontal and directional wells 
with high contact loads.
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