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Abstract. The tightness of threaded connections in casing is a critical issue, as it directly affects the reliability of
well casing and, consequently, their trouble-free and long-term operation. Given that the oil and gas industry is tasked
with maximising the energy demand by its own production, this problem remains relevant. The aim of this study was to
investigate the properties of a newly developed sealing grease for threaded connections in casing pipes and to confirm
its effectiveness compared to other commercially available products. Analytical and experimental methods were used to
conduct the research. Industrial material was analysed for the quality of well casing and it was revealed that numerous
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wells exhibited defects in their casing associated with the leaks of threaded connections of casing pipes. The causes
of threaded connection failure were classified and the main factors affecting their tightness were identified. A sealing
grease was developed, consisting of carbamide resin, organophilic aerosil, graphite, fumed silica and ammonium
chloride. The following indicators were determined to evaluate the effectiveness of the developed grease: friction
coefficient on the steel-steel surface, adhesion strength, grease shear resistance, tightness of the threaded connection
during internal pressure testing, and coefficient of performance. It was established that the proposed grease has a
higher initial adhesion force than others, and it also increases steadily during the polymerisation process and reaches
its maximum value after fifteen hours of curing; the grease has a lower coefficient of friction, higher shear resistance and
a significantly higher efficiency factor. The studies confirmed an increase in the performance of threaded connections

of casing pipes using the developed lubricant

Keywords: well casing; efficiency coefficient; reliability; sealing grease; adhesion force

Introduction

The problem of ensuring the tightness of threaded connec-
tions in casing pipes was regarded as one of the most press-
ing issues in the oil and gas industry. Leakage of these con-
nections caused significant economic losses due to acci-
dents, complications during drilling and operation of wells,
and also had a negative impact on the environment. The
main aspects of the issue were justified by the following
aspects: high frequency of complications and significant
negative consequences; the complexity of ensuring relia-
ble tightness; the influence of a wide range of operational
factors; the imperfection of existing designs and technolo-
gies; economic and environmental components.

The wells under construction at present were consid-
ered highly expensive engineering and technical struc-
tures designed for long-term operation. However, during
the construction process, complications and accidents
occurred, caused by a decrease in the performance of cas-
ing strings due to the loss of initial strength and tightness
of their coupling joints. According to researchers N. Ji et
al. (2023) and B. Yang et al. (2023), improving the reliability
of casing strings is a prerequisite for increasing the effi-
ciency and ensuring the safety of the operation of oil and
gas wells constructed in difficult mining conditions, which
requires improving their technical parameters, and this
primarily concerns the threaded connections of pipes used
for these strings. Scientists H. Xu et al. (2023) and B. Kim &
J.-Y. Yoon (2024) noted that most often, coupling threaded
connections were used to complete casing in industrial en-
vironments, which are subject to requirements not only for
strength for various types of loads, but also for tightness.
The thread profiles used in casing connections are inher-
ently leaky due to their structural features.

In some threaded connection designs, such as trap-
ezoidal threaded casing with increased tightness (TTC)
and couplingless casing (CC), provide for sealing elements
on the contacting surfaces, which, when screwed togeth-
er properly, form an impermeable contact. According to
V. Vasylyshyn et al. (2020), the manufacture of such con-
nections requires high accuracy, precision equipment,
which affects the cost of casing, and in some cases, even
such connections do not provide the necessary wellbore
fixing functions. According to the results of the research
by Z. Xu et al. (2023) note that leaky threaded connections
can be a result of deviations in the geometric parameters of

the thread from the requirements of the standard, namely:
deviations in the profile of turns, pitch, taper and axial ten-
sion of the thread, which can lead to incomplete contact
of surfaces and the formation of gaps. C. Blanc et al. (2019)
argue that it is also important to avoid defects on the sur-
face of the threads during threading (burrs, dents, scratch-
es) and damage during transport.

Therefore, solving the problem of tightness of casing
threaded joints will prevent interbedded cross flow, as cas-
ing strings are designed to isolate different geological hori-
zons, thereby preventing uncontrolled movement of fluids
(oil, gas, water) between them. Leaky joints can lead to con-
tamination of productive formations, watering of wells, re-
duced production rates and loss of valuable resources. Tight
casing joints ensure the integrity of the wellbore as they
guarantee the strength and stability of the casing string
under various types of loads (own weight, rock pressure,
hydraulic pressure of liquids, temperature fluctuations).

Environmental protection, personnel and equipment
safety are still important. Uncontrolled leakage of corro-
sive impurities that may be present in hydrocarbon flu-
ids (hydrogen sulphide, carbon dioxide, sulphur) through
leaky connections can lead to pollution of groundwater,
soil and the atmosphere, causing significant damage to
the ecosystem, and pose a threat to the life or health of
personnel and damage to equipment. The aim of the study
was to develop an effective sealing agent for threaded cas-
ing joints, to experimentally evaluate its properties, and
to compare its main parameters with existing analogues.
Based on the above, the following tasks were formulated
to solve the problem of tightness of casing threaded joints:
conducting analytical studies of leakage of casing threaded
joints; identifying the main factors affecting such leakage;
developing and substantiating the formulation of a sealing
lubricant; determining its main properties; conducting ex-
perimental studies to assess the effectiveness of the lubri-
cant compared to the analogues used.

Materials and Methods

The effectiveness of any sealing grease must be confirmed
by the following requirements: maximum mobility, i.e. low
viscosity, at the time of screwing the threaded connection
to ensure that all gaps are filled with grease; minimum
mobility (high viscosity) during the operation of threaded
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connections; increased operating pressure and tempera-
ture limits (respectively 50-70 MPa at 200°C) while main-
taining operational characteristics; pronounced structur-
al properties and ability to resist shear. Taking into ac-
count the above requirements, a sealing grease for casing
threaded connections was developed by scientists from
the Department of Oil and Gas Well Drilling of the Iva-
no-Frankivsk National Technical University of Oil and Gas
(US-0T) (Kotskulych & Tyshchenko, 2009).

The sealing grease consists of a carbamide resin bind-
er, ammonium chloride hardener, as well as an organophil-
ic aerosil and fumed silica, with the following ingredient
ratios, %: organophilic aerosil - 4-6; graphite - 5-8; fumed
silica — 0.5-1.0; ammonium chloride - 1-2; carbamide res-
in — the rest. The US-OT sealing grease is prepared accord-
ing to the following procedure. A fumed silica is added to
the calculated mass of the organophilic aerosil and mixed
until a homogeneous state is obtained. Then the resulting
mixture is injected into carbamide resin, graphite is add-
ed and mixed for 20-30 minutes. Before use, the required
amount of hardener is added to the composition and mixed
until a homogeneous mass is obtained. The grease can be
polymerised at temperatures above 100°C without the ad-
dition of a thickener. Apply the grease to the surface with a
paint brush in a uniform layer.

The quality of the sealing grease was assessed by the
following indicators: friction coefficient (affects the val-
ue of the screwing torque), adhesion force (characterises
the strength of adhesion of the lubricant to metal thread
surfaces), shear resistance of the lubricant (to assess the
viscosity characteristics of the lubricant), tightness of the
threaded connection (determines the resistance of the lu-
bricant to extrusion from the thread gap under high pres-
sure), and lubricant efficiency factor. Similar studies were
conducted using USSA and R-2 MVP greases to compare
the performance indicators. As of 2025, they are produced
in accordance with GOST 3333-80 (1980) outside Ukraine.
The manufacturer of these lubricants is Expert-oil. All of
the above indicators were determined by the experimen-
tal method using the instruments available at the Depart-
ment of Oil and Gas Well Drilling, except for the lubricant
efficiency factor, which was estimated by the analytical
method using experimental data. In order to analyse the
technical condition of production and intermediate casing
strings, there were considered cases of leakage at the fields
of the Shebelynka Drilling Department (SDD), in particular,
at such sites as Yulivske, Muratovske, Zakhidno-Shebelyn-
ske and Lychkivske.

The adhesion force was measured by the method of de-
termining the force of separation of a metal disc that inter-
acted with a metal plate through the lubricant after contact
for one minute. The change in the adhesive properties of
the lubricants over time was also measured. The coefficient
of friction was measured using the PT-2 device. This de-
vice was developed at the Department of Oil and Gas Well
Drilling at the Ivano-Frankivsk Institute of Oil and Gas on
the basis of the widely used SNS-2 device in the 1980s. It
was designed to determine the coefficient of friction of
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various materials. The shear resistance of the lubricant was
assessed using the simplest method - forcing the lubricant
through the holes in the container and matrix using the
C-2 device (Fig. 1).
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Figure 1. Device for determining
the shear strength of grease
Note: 1 -body; 2 — matrix; 3 — punch; 4 - container; 5 - clock-
type indicator; D — diameter of the container hole; d — diam-
eter of the matrix hole; the thickness of the matrix is selected
from the condition of filling the container with lubricant
Source: developed by the authors

The procedure for evaluating the shear resistance of
the grease was as follows. The container of the device was
filled with sealing grease, after which a compressive load
was applied to the punch and the moment of grease pushing
through the hole of the die was recorded according to the
readings of the clock-type indicator. The value of the shear
resistance of the grease (r,) was determined by the formula:

P
Tmzaa 1)

where P - the compressive load applied to the punch of
the device, at which the lubricant displacement begins, N;
F - the surface area of the hole in the matrix, m?.

The quality of sealing greases for threaded connec-
tions was evaluated by the efficiency factor (k). To assess
it, the casing was screwed together with the application of
different types of lubricants to the threaded connections,
aged for 15 hours, and then pressurised with the creation
of internal overpressure to check the tightness of the con-
nections. It was determined by the formula:

Pnln

7 X0 (2)

ker =
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where P - the critical pressure at which the tightness of
a threaded connection screwed without lubrication oc-
curs, MPa; i - the dry friction coefficient; P, - the criti-
cal pressure at which tightness of a threaded connection
screwed with lubrication occurs, or the maximum allow-
able pressure for the casing if the tightness of the connec-
tion is not failed, MPa; i — is the friction coefficient in the
presence of lubrication.

Results and Discussion

Complications and accidents during the construction
and operation of oil and gas wells, such as pipe separa-
tion at coupling joints or falling pipe sections, are often
the result of difficult mining and geological conditions
in the casing. This can lead to intercasing pressures and

interstitial flows, as well as complications during casing
cementing and well operations. Various complications
arise as a result of threaded casing connections being
depressurised, the most difficult of which is intercasing
pressure (ICP). Failure of standard threaded connections
is responsible for 70% of all casing-related complications
(Kotskulych, 2007). The negative consequence of such
complications is a decrease in well production rate, ma-
terial losses, and damage to subsoil and the environment.
Due to the high permeability of gas, the loss of well casing
tightness in the process of gas field development is the
most dangerous. An analysis of industrial materials and
literature on the issue of leakage of pipe threaded con-
nections allowed developing a qualification of the causes
of these violations (Table 1).

Table 1. Classification of causes of threaded joints leakage

Incorrect strength calculation
of the columns

1. Incorrect consideration
of internal overpressure during
various operations in the casing.
2. Failure to take into account the
increase in axial loads when the
temperature changes, excessive
external and internal pressures.
3. Failure to take into account the
simultaneous action of internal
pressure and tensile load.

conditions.

the permissible one.

threaded connections.

screwing them together.
7. Uncontrolled screwing speed.

Violation of casing
assembly technology

1. Running pipes with defective threaded connections.
2. Mismatch of thread type and lubricant to well

3. Creating an internal pressure that exceeds

Wear of casing strings

1. Wear and tear of drill pipes and locks.

2. Wear and tear of bits and catching tools.
3. Corrosion.

4. Hydroabrasive wear.

4. Poor connection of column sections.
5. Lack of control over torque values when screwing

6. Incorrect seating of the pipe in the coupling when

8. Mismatch of temperature conditions.

9. Damage to the thread.

10. Incorrect scheme of applying forces to the pipe.

Source: developed by the authors

The reasons for the loss of casing integrity at the She-
belynka SDD fields are presented in Table 2. The elimi-
nation of these complications and accidents requires sig-
nificant funds, reduces the payback period, and causes
large losses for the companies. Sometimes wells have to
be abandoned due to casing accidents. The main causes
of casing accidents are: incorrectly selected well design
for the geological conditions of their construction; cas-
ing leaks due to damaged threaded connections. The re-
quired tightness of threaded connections can be achieved
in the following ways: using different sealing materials;
creating threaded connections with tightness units, or a
simultaneous combination of both methods (Chernova &
Kuntsiak, 2016). Coupling joints with leakage units, such

as TTC, are considered promising. However, deviations in
the manufacture of such connections, which are allowed
by DSTU 8932:2019 (2019), significantly reduce their reli-
ability. The sealing of threaded connections is achieved by
tightly fitting the threads on the sides of the profile after
screwing the connections, but the screw channel between
the tops and bottoms of the threads must be filled with
sealant (Rymchuk et al., 2019). In the case of high-perfor-
mance sealants, the tightness of the pipe coupling joint
can be increased to a pressure that corresponds to the
strength of the pipe body. Thus, the tightness of casing
threaded connections depends primarily on the size and
shape of the screw channel and the properties of the seal-
ant filling this channel.

Table 2. Leakage of casing strings at Shebelynka SDD fields

Production casing

Area, field No. of a well di Well purpose Causes of leakage
iameter, m
Yulivske 25 0.146 exploratory Screwing of threaded connections with low torque values
. Use of low-performance lubricants.
Muratovske o1 0.1460.168 operational Screwing of threaded connections with low torque values
Zakhidno- . . .
Shebelinske 7 0.140x0.168 operational Use of low-efficiency lubricants
. . Use of low-performance lubricants.
Lychkivske 52 0.140<0.168 operational Screwing threaded connections without torque control
) ) Use of low-performance lubricants.
Lychkivske 54 0.146x0.168 operational Screwing threaded connections without torque control

Source: developed by the authors on the basis of industrial material
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In addition, the following factors can be identified that
affect the tightness of a tapered casing threaded connec-
tion accuracy of threading in the coupling and on the pipe;
length of the working part of the thread; deviation of the
angle of inclination of the threaded part, pitch, height of
the thread profile; taper and ovality of pipes and couplings;
value of axial tension of the thread when screwing; dura-
tion and nature of the load and pressure; viscosity of the
pressure generating agent (liquid or gas) and the degree
of its destructive effect on the sealant and thread metal. It
was established that the efficiency of using the strength of
casing material depends on the strength and tightness of
threaded connections, which are determined by: the type
of connection profile and precision of manufacturing of
thread elements; type of sealant and its properties; value
of screwing torque; value of axial tensile load; value of in-
ternal and external overpressure.

The results of research on the contact surface of
the pipe and coupling of leaky threaded connections by
V.Ya. Vasylyshyn et al. (2020) showed that when the per-
missible value of the screwing torque is exceeded, ex-
pansion (shearing, crushing) of one, two or more thread
turns occurs on both the coupling and the pipe. There-
fore, it can be concluded that such surface disturbances
can cause not only liquid or gas leakage, but also a sig-
nificant decrease in the tensile strength of threaded con-
nections. To increase the tightness of the contact between
the elements of threaded connections, various lubricants
were used, including anaerobic sealants, the consistency
of which should be sufficient to prevent their displace-
ment from the gaps of the threaded connection (Femiak
& Zelinskyi, 2024a; 2024b).

Researchers such as V. Vasylyshyn (2017) and Y. Mou et
al. (2024) believe that the main cause of leakage of threaded
connections is their under-seating due to incomplete selec-
tion of axial tension and insufficient screwing torque. The
amount of torque depends to a greater extent on the size of
the gaps in the thread, taper deviation, profile height, num-
ber of turns with an incomplete profile, etc. In addition, the
grease that fills the gaps under pressure takes on part of
the tensile load, reducing contact pressures on the contact-
ing surface areas. Therefore, the main criteria for the cor-
rectness of screwing joints are the amount of tension and
screwing torque, which requires the development of relia-
ble control tools and technologies for their use. According
to DSTU 8932:2019 (2019), the criterion for the tightness of
threaded casing connections is to control the value of the
conditional axial tension, the value of which is regulated by
this standard when screwing elements both manually and
using mechanical devices.

Pipes with a triangular thread profile: when hand
screwing galvanised or phosphated couplings to pipes, the
tension must be equal to A (distance from the end of the
coupling to the end of the thread on the pipe when screwed
together by hand). Maximum deviations are #3.2 mm. After
screwing the pipe and the coupling on the machine, the end
of the coupling must coincide with the end of the thread on
the pipe. Maximum deviations are +3.2 mm. Casing pipes

Prospecting and Development of Oil and Gas Fields, 2025, Vol. 25, No. 1

with trapezoidal coupling threads (OTTM): when manually
screwing the couplings with pipes, the tension should be
(14 = 3) mm. After screwing the pipe and the coupling on
the machine, the end of the coupling should coincide with
the end of the thread on the pipe or not reach it by no more
than 5 mm. OTTG pipes: when screwing the couplings to
the pipes by hand, the tension must be (10 *2) mm. After
screwing the pipe and the coupling on the machine, the
pipe end face and the coupling stop should be in contact
along the entire perimeter of the joint of the stop surfaces.
A gap of <1 mm between the pipe and coupling bearing sur-
faces is permissible (for B pipes).

However, this criterion cannot be considered reliable,
mainly due to deviations in the geometric parameters of the
threads, uneven surface conditions, and different screw-
ing conditions. Therefore, the main criterion for screwing
should be the torque value, which is regulated depending
on the strength group of the pipe material, wall thickness
and pipe diameter. To ensure the tightness of threaded con-
nections of casing pipes, the following requirements must
be met during their manufacture the maximum total gap
between the mating threads of the pipe and the coupling
should not exceed 0.3 mm; the non-straightness of the
cone formation should not exceed 0.04 mm; the coupling
should be screwed onto the pipe in compliance with the
torque values recommended by; threads on high-strength
pipes should be cut on special machines; and high-perfor-
mance sealants should be used.

To seal threaded connections, methods for applying
a thin layer of sealing material to the thread surface were
developed by Ukrainian scientists. The most reliable way
was to apply a layer of soft metal (aluminium, zinc) inside
the coupling by electrometallurgy (Kotskulych & Tysh-
chenko, 2009). This method also has significant disadvan-
tages, such as the need for additional expensive equip-
ment, energy and time consumption, and such metals
often do not withstand corrosion from aggressive envi-
ronments found in the subsoil.

According to ISO 13679:2019 (2019) and ISO 11960:
2020 (2020), the main criterion for the quality of thread-
ed casing connections is torque, which depends on the
strength group of the steel, the diameter of the pipe and its
wall thickness. The method of resealing the joints is widely
used. The method is based on the use of a highly elastic
compound. However, this method is ineffective due to sig-
nificant drawbacks, namely: the need to create high inter-
nal pressure in the process of pressing the compound into
the threaded connection, which can damage the pipe body;
low adhesion of the highly elastic compound to the metal
surface covered with a hydrocarbon film.

A method of sealing threaded connections using
fluoroplastic sealing material (FUM tape) was also devel-
oped. The method is quite simple and relatively reliable;
the fluoroplastic tape is non-toxic, plastic and has suffi-
ciently high sealing properties. The disadvantage of this
method is that when screwing threaded connections us-
ing FUM tape, there may be cases of loosening of the con-
nection or even spontaneous loosening in the well, which

(23)
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can lead to leakage of the connections. This is due to the
low adhesion force of the fluoroplastic sealing material to
the thread surface. Amoco (USA) successfully used cathod-
ic protection, which reduces fluid flow through casing by
75% (Barrett & Taylor, 1976).

Patent No. 73192 (2005) proposes a method of cycling
casing over the wellhead during casing run. In this case, the
threaded connections are screwed with a regulated torque
value, which is monitored using a torque meter, then, with-
out removing the casing from the wedges, the threaded
connection is loaded with an axial load equal to the weight
of the casing. After that, the casing is unloaded onto the
wedges again and screwed down with a regulated torque
value. The load-tighten cycle is repeated until the connec-
tion no longer tightens after the next load. This method
is very time-consuming, which may be unacceptable when
fastening deep wells.

In industrial conditions, a method of tightening
threaded connections of casing strings run into the well
was tested, the essence of which is that a torque is applied
to the casing string run into the well with a simultane-
ous increase in excessive external pressure. Increasing the
pressure makes it possible to use torque transmission more
efficiently, increase the tightness of threaded connections
and thereby restore the casing string’s tightness. However,
this method is too complicated to implement and cannot
be used after cementing the casing. O-rings made of elas-
tic materials, such as fluoroplastic, were also used to seal
the threaded connections of casing pipes. Hydraulic tests
of threaded connections with fluoroplastic O-rings showed
their high reliability, but there are cases when these rings
were destroyed by friction during screwing.

The Hydril company (USA) developed recommenda-
tions for screwing and running casing into the well (Te-
narisHydril running manual, n.d.), which lists the follow-
ing requirements to ensure tightness: the nipple should be
inserted into the coupling sequentially and carefully so as
not to damage the thread or screw it through the thread;
the start of screwing should be slow until the first thread
turns are engaged; if screwing is done without force, the
speed can be increased; when mechanical wrenches are
used, they should grip the pipe as close to the thread as
possible to avoid distortion during screwing; when screw-
ing, do not exceed the recommended torque values; dur-
ing screwing, the pipe and the coupling should be heated
gradually and evenly.

An important task was to choose the right sealing
greases or special sealants that must meet certain re-
quirements, in particular, withstand high pressures and
temperatures, and aggressive environments (Xie, 2021;
Xie et al., 2021). This is a fairly simple and reliable way to
achieve the required tightness of casing threaded connec-
tions, which consists in filling the structural and techno-
logically necessary gaps with sealing materials (sealants),
which also serve as a lubricant to facilitate the screwing
process. The following requirements are imposed on such
materials: the required consistency, sufficient to prevent
the pressure of liquids or gas from removing it from the

thread gaps; consistency of properties over time and with
temperature changes within a certain range; good lubri-
cating properties; prevention of jamming when screwing
threaded connections. The most important criterion is the
required consistency of the material.

There are a number of such materials (mainly grease-
based greases) that were used for screwing threaded con-
nections of oil pipes. The most common graphite grease
is USSA, which consists of 65% solidol and 35% silver
graphite. P-2 MWP grease is based on 18.4% machine oil
with 4.6% aluminium stearate, 14% silicone fluid No. 5,
18% graphite, 28% zinc and 17% copper. Graphite in these
greases acts as an anti-friction material. Graphite prop-
erties are unchanged at high temperatures (200-2,000°C).
The disadvantage of graphite greases is that the permis-
sible specific pressure for it should not exceed 3-4 MPa.
Higher pressures cause the destruction of the graphite film,
which causes seizure when screwing threaded connections.
These lubricants are used in wells with an internal pressure
in the casing string of no more than 13 MPa.

Studies conducted at the Ukrainian Research Insti-
tute of Natural Gases showed that polymer alloys based
on epoxy resins, in particular, the US-1 sealing grease,
have the necessary sealing qualities, strength, elastic-
ity and resistance to loads, as well as chemical stability
to hydrocarbons. Its composition includes the following
components: K-153 compound, which is ED-5 resin plas-
ticised with MGF-9 polyester and thionol; hardener - cu-
bic hexamethylene diamine residue; fillers used to en-
hance sealing properties and reduce friction forces that
occur when fastening joints. US-1 has a high sealing ca-
pacity (up to 50 MPa). Disadvantages of US-1 are: toxicity,
which worsens sanitary and hygienic working conditions
and pollutes the environment; rapid precipitation of met-
al fillers (powders and powders); increase in pipe screw-
ing torque (by 40-60%); rapid curing (application time of
about 1.5 hours); difficulty of use at temperatures above
+10°C (the need to heat the lubricant and the threaded
end of the pipe), inseparability of the joint (after the lubri-
cant hardened, the joint must be heated to a temperature
of 300°C to unscrew it).

Synthetic lubricants were also used to ensure the
tightness of threaded connections. The developed syn-
thetic threaded joint lubricant was designed to improve
the tightness and corrosion and fatigue resistance of
threaded joints of oilfield tubular goods and downhole
motors. Synthetic sealing grease (SG-1) was made on the
basis of alkyl alkylresorcinol epoxyphenolic resin with
fillers. This grease has high adhesion, helps to effectively
protect threads from corrosive substances, and increases
wear resistance during repeated screwing and loosening.
The disadvantages of this grease are: it cannot be used at
temperatures below -40°C and above +100°C; when used,
it is necessary to carefully prepare the threaded connec-
tions; very high viscosity (before applying to threaded
connections, it requires dilution with oil). Table 3 pro-
vides recommendations for the use of sealing materials
for casing in different types of wells.

@ Prospecting and Development of Oil and Gas Fields, 2025, Vol. 25, No. 1
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Table 3. Types of sealing materials for casing in different types of wells

. Temperature Permissible internal
Well type Thread Lubricant appligation, °C pressure, MPa

Triangular P-2 MVP -5+100 12.7
oil Triangular US-1 0+120 22.4
Triangular P-402 -50+ 200 16.2
Triangular FUM tape -20 £ 200 18.9
TTC, CC P-2 MVP -5+100 23.1
Gas, gas condensate Any Us-1 0120 25.7
’ TTC, CC P-402 -50 £ 200 17.5
Any FUM tape -20 =200 24.6

Source: developed by the authors based on Y. Kotskulych & O. Tyshchenko (2009)

Bestolife produces a sealing grease for threaded con-
nections consisting of synthetic and amorphous graphite
and non-metallic additives (Bestolife® metal free, n.d.).
The temperature resistance of the grease is over 200°C.
Shell silicone thread lubricants are used to seal threaded
connections. These lubricants are a mixture of metal and
graphite powders evenly distributed in a silicone base with
a mass fraction of 36%. The solid components of the grease,
which have a mass composition of 25%, are a mixture of
graphite and lead powders and zinc dust. The basis of
the modified thread grease is a lubricant mixture that, in

combination with powdered metals and graphite, increases
the tightness of threaded connections under various
operating conditions. The above-mentioned greases are
manufactured outside Ukraine and require significant
funds, so an alternative analogue of the sealing grease was
developed. The characteristics of the components of the
developed grease are given below. Carbamide resin of the
KF-MT-D or KF-MT-F grades is a homogeneous suspension
of white to light yellow colour, free of impurities, non-
flammable and non-explosive. The physical and chemical
properties of carbamide resins are shown in Table 4.

Table 4. Physical and chemical properties of carbamide resins

Name of property (constant) and unit of measurement

1. Appearance

Physical value with maximum deviations
KF-MT-D KF-MT-F
Homogeneous suspension from white
to light yellow colour without foreign inclusions

2. Mass fraction of dry residue, % 611 66+2
3. Mass fraction of free formaldehyde in 24 hours

o 0.15 0.15
after manufacture, % not more than
4. Conditional viscosity (at 20£0.5°C) according 50-90 30-100
to the viscometer VZ-246, with a nozzle diameter 4 mm, s
5. Concentration of hydrogen ions, pH 7.5-8.5 7.5-8.5
6. Gelatinisation time: at 100°C, s 50-70 50-70
7. Maximum miscibility of the resin with water (at 20%1°C) o P
. - 1:1-1:2 1:2-1:4
in the ratio by volume, not less than
8. Density, kg/m® 1,260+0.005 1,270+0.005

Source: developed by the authors on the basis of TU U 24.1-32358806-005:2009 (2009)

The organophilic aerosil changes the volumetric and
mechanical properties of the grease, significantly increasing
its hydrophobicity and the strength of molecular interaction

between the grease and the metal surface of the thread. The
grease contains organophilic aerosil of AM-200, AM-300 or
AM-380 grades, which have the properties shown in Table 5.

Table 5. Physical and chemical properties of organophilic aerosil

Aerosil brand

Indicators

AM-200 AM-300 AM-380
1. Appearance White loose powder
2. Specific surface, m%/kg 200 £25 300 + 30 380 £ 30
3. pH of aqueous suspension, not less than 3.6-4.3 3.6-4.3 3.6-4.3
4. Bulk density, g/l, uncompressed/pressed 60/120 60/120 60/120
5. Moisture content, % (dried at 105°C) - 1.5 1.5
6. Hydrophobicity, %, not less than 90.0 98.0 99.0
7. Avergae particle size, pm 12 7 7
8. Mass fraction of SiO, in terms
of hardened substancef %, not less than 99.9 99.9 99.9

Porosity Porous

Source: compiled by the authors based on I. Pertsev (2010)
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Graphite was added to give the lubricant extreme pres-
sure properties. White spirit, acetone, petrol or diesel fuel
was used as a humectant for the aerosil. The humidifier en-
sures the uniform introduction of hydrophobic organophil-
ic aerosol into the liquid carbamide resin and increases the
frost resistance of the grease. Ammonium chloride ensures
polymerisation of the grease in a screwed threaded con-
nection within 6-12 hours. All components of the grease
were produced in Ukraine and are safe in terms of harmful
effects on personnel and the environment.

The above properties of the developed grease and some
well-known and practically used greases were determined
in the course of the study. The most important parameter
was the adhesion force, which characterised the ability of
the grease to adhere to the thread surface and increase this
value over time. Based on the results of the study of the ad-
hesion force, a graph was constructed (Fig. 2), which shows
that immediately after applying the lubricant to the sur-
face of the metal disc, the adhesion force is low.
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Figure 2. Changes in the adhesive properties
of sealing greases over time
Note: 1 - USSA grease; 2 - R-2 MVP grease; 3 — US-OT grease
Source: developed by the authors

This is important for the process of casing screwing,
since the adhesion force affects the torque value, which
should be applied only to select the radial tension of the
threaded connection. The maximum time for testing the
adhesion force was chosen to be commensurate with the
average time of casing run into the well, since at the end
of this process, i.e. before cementing, the casing must be
sealed to ensure the formation of a high-quality fasten-
ing. Over time, the adhesion strength of all the tested lu-
bricants increases, but with varying intensity. After six
hours from the start of applying the greases to the metal
disc, the developed grease begins to intensively increase
the adhesion force due to the polymerisation reaction
and reaches its maximum value (more than 50 kN/m?)
after 15 hours of curing, which is 2.9 times higher than
the P-2MVP grease and 5.7 times higher than the USSA
grease. The ability of the lubricant to resist its displace-
ment from the technological gaps of the threaded con-
nection also depends on the value of the adhesion force,
which is confirmed by the results of the studies present-
ed in C. Teodoriu et al. (2020). These studies concern the
tightness of Oil Country Tubular Goods (OCTG) threaded
connections using five different types of compounds and
a programmable digital rheometer under the influence of
shear rate, temperature, and various loading conditions.
The experimental results showed that the low viscosity
properties of the compounds did not ensure the tightness
of the threaded connections and also had low heat resist-
ance (some samples lost their sealing ability at 70°C). Car-
bamide resin, which is the basis of the grease developed
by the authors, has a higher temperature resistance (150-
170°C) and the gelatinisation time at 100°C is 50-70 s,
meaning that the grease quickly gains consistency and is
retained on the thread surface.

Another important parameter that determines the
amount of torque for screwing casing threaded connec-
tions is the friction coefficient. Its value is influenced by
the ability of the lubricant to fill in the irregularities of
rough thread surfaces, minimise the friction force during
screwing of threaded elements and provide anti-seize pro-
tection. The results of the tests are presented in Table 6,
from which it can be concluded that the coefficient of fric-
tion of a steel-steel pair using US-OT grease is on average
64% lower than that of other greases.

Table 6. Results of the grease study

Grease name Lubricant adhesion, Shear resistance ) .Lubricant ) L.ubricant
kN/m? of the grease, MPa friction coefficient efficiency factor
USSA 4.75 0.124 0.088 1.41
R-2 MVP 2.47 0.135 0.069 2.01
US-0T 7.02 0.145 0.046 3.4

Source: developed by the authors

The relevance of this parameter is confirmed by the
results of studies of the physicochemical and tribologi-
cal properties of anti-seize thread lubricant presented in
W. Zhimin et al. (2021). The composition of the extreme
pressure grease includes base oil, di-aromatics and graphite

powder mixed with a viscosity index improver, antioxidant
and rheological additive. Thermal stability, anti-wear and
antifriction properties were studied, but there is no infor-
mation on its sealing ability. In the absence of lubrication,
the phenomenon of local welding and diffusion may also
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occur on the screwed surfaces due to high contact pres-
sures, as noted in the work of K.K. Kakulite & B. Kandasu-
bramanian (2019). To avoid this negative phenomenon, it
was proposed to use solid lubricants, hard ceramic coatings
such as titanium nitride, and synergistic coatings of cop-
per or silver based on PTFE. However, in the opinion of the
authors of the current study, such solutions are difficult to
implement and use in comparison with the application of
grease lubricants to the threaded connection.

The required service life of the casing threaded con-
nection also depends on the corrosion processes occurring
on the metal surface under the influence of aggressive me-
dia occurring in the subsoil (e.g. hydrogen sulfide, carbon
dioxide, acidic water, magnesium salts). Therefore, its pro-
tection from contact with aggressive environments is also
important and should be counteracted by any anti-corro-
sion coating, including lubricants. In the work of D. Ern-
ens et al. (2019) confirmed the need for phosphate-conver-
sion coating of the surface of casing threaded connections
and the application of grease lubricants to prevent corro-
sion processes and reduce friction forces during screwing.
The developed US-OT grease has the necessary hydropho-
bic properties to protect the threaded connection from for-
mation water, but additional research is needed to assess
its resistance to other types of aggressive media.

In the process of running and cementing casing strings,
the dispersed medium of the flushing fluid or cement mor-
tar under pressure can cause the lubricant to be displaced
from the technological gaps of the threaded connection.
The ability of the lubricant to counteract this negative phe-
nomenon is characterised by the shear resistance of the lu-
bricant, in other words, its ability or the contact between
it and the surfaces of the screwed elements to resist the
mutual displacement (sliding) of the layers under the ac-
tion of tangential (shear) stresses arising from any exter-
nal force. The results of the study of the shear resistance
of various greases are presented in Table 6, which shows
that the highest value of this parameter is characteristic
of the proposed grease, and accordingly, it has the highest
resistance to extrusion from the technological gaps of the
threaded connection during the curing process. The devel-
oped grease is recommended to improve the tightness of
all types of casing threaded connections regardless of their
design, since technological gaps are a potential channel
for fluid penetration during well operation. The study by
H. Xu et al. (2023) investigated the permeability of premi-
um casing threaded connections with metal-to-metal seal-
ing elements and confirmed the need to use sealing lubri-
cants despite the presence of a sealing assembly.

The efficiency of screwing casing threaded connec-
tions depends on the composition of the lubricant, espe-
cially the presence of solid particles (e.g., particles of any
metal), which increase the coefficient of friction and can
damage the rubbing surfaces during screwing, as noted in
K. Inose et al. (2016). This statement is consistent with
the authors’ research, since the developed formulation
does not contain any solid particles, which has a positive
effect on the screwing process. In general, the quality of
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sealing greases for threaded connections was assessed
using a complex parameter called the efficiency factor. It
describes the ability of the lubricant to provide low val-
ues of the friction coefficient when screwing a threaded
connection and its tightness under internal pressure. An
example of calculating the effectiveness of US-OT lubri-
cant for a casing pipe of the OTTM type -146 x 7.7 D. The
value of the internal pressure at which the stresses in the
pipe body reach the yield strength of 35 MPa. The leak-
age of the threaded connection without the use of lubri-
cants was observed at a pressure of 26.3 MPa. When USSA
grease was applied to the threaded connection, the leak-
age occurred at a pressure of 28.04 MPa. Then the effi-
ciency factor is equal to:

0.117

x 37 141, 3)

26.3 0.088

28.04
kef = —

When applying P-2 MVP grease to a threaded connec-
tion, a leakage occurred at a pressure of 31.2 MPa, and the
efficiency factor is equal to:

_ 312

0.117
k.=
ef T 263

=l =201, )

With the use of US-OT grease, no leakage was ob-
served, so P =35 MPa, and the efficiency factor is equal to:
ef=%x%=3.4. (5)
The results of the study of the properties of different
lubricants are presented in Table 6. The data obtained are
also consistent with the conclusions presented by B. Yang et
al. (2023) and F. Ye et al. (2023), who presented the results
of testing the tightness of casing after sealing threaded
connections with lubricants and noted that the consist-
ency of the lubricant and the magnitude of the pressure
gradient are crucial for maintaining tightness. The study
of the sealing properties of lubricants for casing threaded
connections is key to ensuring well reliability, as they not
only reduce friction during screwing, but also play a critical
role in sealing gaps and preventing the flow of formation
fluids. The analysis of the current state of the art in the use
of sealing lubricants shows that work on the development
of sealing lubricants remains relevant.

Conclusions

The results of the experimental work showed that the for-
mulation of the developed US-OT grease, which consists of
Ukrainian components and does not contain harmful sub-
stances, is compliant with the formulation of the developed
grease, as well as its high efficiency in ensuring the tight-
ness of threaded connections of casing pipes intended for
oil and gas wells. The article highlights the results of the
analysis of the main properties of the developed grease,
including adhesion strength, shear resistance and fric-
tion coefficient. The grease is recommended for use with
all types of casing connections, regardless of their design
features, the presence of auxiliary sealing units and the
type of coating applied to the threads. This is based on the
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grease’s ability to optimise the screwing process, fill tech-
nological gaps in the joint and, after the polymerisation re-
action is complete, ensure its reliable sealing.

The qualitative characteristics of the grease were eval-
uated using the efficiency coefficient, the growth of which
correlates with an increase in the degree of compliance of
the grease with the stated requirements. Over time, there
is an increase in the adhesive properties and shear resist-
ance of the sealing grease; the cured material acquires hy-
drophobic characteristics, and the threaded connection of
the casing demonstrates tightness at pressures that meet
the maximum permissible values. The lubricant is compat-
ible with the materials in contact, has no corrosive effect
on casing and sealing elements and is safe for personnel.

Future research will be aimed at analysing the func-
tionality of the lubricant in conditions that simulate the
operation of deep wells, in particular in the presence of
aggressive chemical environments (such as hydrogen
sulfide, carbon dioxide, highly mineralised formation

water, chemogenic deposits) and under the influence of
high temperatures and pressures. Since there is a growing
demand for the creation of environmentally friendly lu-
bricants (metal-free, biodegradable), the use of nanopar-
ticles in lubricants to improve their properties, modern
methods such as scanning electron microscopy for ana-
lysing thread damage; thermogravimetric analysis (TGA)
and differential scanning calorimetry (DSC) for assessing
the thermal oxidative stability of lubricants should be
used for further research.
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AHoTau,if. TepmeTnuHicTh pi3sb6OBUX 3’¢MHAHb 06CATHMUX KOJOH € KPUTUUHO BAKIMBOKO MPOBIEMOIO, OCKIIBKY BOHA
6e3mocepeIHbO BIUTMBAE HA HAZiITHICTh KPilJIEeHHSI CBEP/IIOBUH, a BilTak Ha IXHI0 6e3aBapiifHy Ta TpMBaTy €KCIUTyaTalliio.
3BakalouM Ha Te, WO Iepe] HaQTOrazoBOO raay33io MOCTABAEHO 3aBJAHHSI MaKCMMAaIbHOTO 3abe3leueHHs TIOTpebu
€HeproHociiB BIacCHUM BUA0OYTKOM, 3a3HaueHa MMpobieMa 3aIMUIIAEThCS aKTyaabHOW. MeTolo poboTu 6yno JOoCTiguTu
BJIACTMBOCTI PO3PO6IEHOr0 repMeTH3yI0uOro MacTuiaa Ijst pi3b0oBUX 3’¢AHAHb 06CATHMUX TPYO Ta MiATBEPOUTHU HOTO
e(deKTUBHICTb MOPiBHSIHO 3 IHITMMM BUKOPUCTOBYBaHMMM 3acob6amu. [Ij1sI TpoBeeHHSsI LOC/iIKeHb Y pOOOTi BUKOPUCTAHO
aHaJIITMYHMI Ta eKcIlepMMeHTaaAbHNi MeToay. [IpoaHanisoBaHO MPOMMCIOBUI MaTepiasl 3 IKOCTi KpiIlJIeHHS CBEPAJIOBUH
Ta BCTAHOBJIEHO, 1110 B 6araThOX CBeP/I0BMHAX HAasIBHI AedeKTH y iXHbOMY KpiIlJIeHHi, KOTPi IOB’sI3aHi 3 HerepMeTUUHiCTIO
pi3b6OBMX 3’emMHAHb 06cagHuX TPy6. [I[poBemeHa kiacudikallisi IpUUMH MOPYIIeHb Mpale3JaTHOCTi pi3b60BUX 3’€IHaHb
Ta BUJiJIEHO OCHOBHI UMHHMKM, IO BIUIMBAIOTh Ha IXHIO repMeTMUHiCTb. PO3po6ieHO repMeTnsyiode MacTU/IO, 1O
CKJIAZA€ThCS 3 KapO6aMigHOI cMoyK, opraHodiibHOTO aepocuiy, rpadiry, 3Bo0KyBaya a€pOCUITY Ta XJIOPUCTOTO aMOHII0.
Insi oniHOBaHHS edeKTUBHOCTI pO3pobieHOro MacTwia Oya0 BU3HAUEHO Taki MOKa3HMKM: KoedillieHT TepTs Ha
TOBePXHi Mapy «CTaab-CTalby, CUja afresii, omip MacTuia Ha 3CyB, FepMEeTUYHICTb Pi3bOOBOr0 3’€fHAHHS Y IIPoOLieci itoro
OTIpeCcyBaHHS BHYTPIIIHIM TUCKOM Ta KoedillieHT eeKTUBHOCTI. BcTaHOB/IEHO, 1110 3aIIPONIOHOBAHE MACTUJIO MA€ BUILLY
TI0YaTKOBY CUJTY aAresii, MOPiBHSHO 3 iHIIMMY, i IO TOTO X BOHA IOCTiIHO 3pOCTaE y MpoLieci noiimMmepusalii Ta focsirae
MaKCUMaJIbHOI BEeTMYMHY Yepe3 ITSITHAALSTb TOOVH TBEPIHEHHS; MaCTUIO Ma€ MeHIINii KoedilieHT TepTs, 6imbimit
OTIip Ha 3CyB Ta 3HAYHO BUIIMIT KoedillieHT edeKTUBHOCTI. [IpoBeieHMMY AOCTiIKEHHSIMMU TiATBEPAKEHO ITiIBUIIEHHS
Mpane3gaTHOCTI Pi3bOOBUX 3’€AHAHD 06CATHNX TPYO i3 BUKOPUCTAHHSIM PO3PO6IEHOr0 MacTuIa

KnrouoBi cnoBa: kpimienss cBepaiosuH; KoedirieHT epeKTUBHOCTI ; HAAiHICTh; YIIIbHIOIYE MACTUIIO; CUJIa afresii
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