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Abstract: Currently, the high cost of metal, as well as the harsh and often extreme operating conditions faced by oil and
gas equipment in a sharply continental climate, significantly exacerbate the challenge of improving its reliability and durability.
This problem is one of the key issues, as it largely determines the pace of the industry’s development, the level of technical and
economic efficiency of oil and gas production, collection, and processing, as well as the magnitude of operating and capital costs.
This article presents the results of research on the development of anti-corrosion coating formulations based on bitumen, alkyd-
urethane and alkyd varnishes, hydrocarbon solvents, and mineral fillers. All ingredients used are available on the domestic market
of Uzbekistan at relatively low prices, which ensures the economic feasibility of producing local anti-corrosion coatings and
reduces dependence on imported raw materials. The comprehensive research conducted allows for the recommendation of
optimal formulations for practical application on oil and gas pipelines, taking into account operating conditions and technological
requirements, and serves as a basis for the further development of new modified coatings.

Keywords: bitumen, oxygen, aggressive substances, pyrolysis distillate, thermal decomposition, anti-corrosion,
composite, polymer modifier, urethane groups, adhesion strength.

Introduction. Oil and gas equipment is exposed to a complex of adverse factors
during operation. These include significant fluctuations in ambient temperature, high
humidity, the presence of aggressive components in reservoir products (hydrogen
sulfide, carbon dioxide, chloride ions), abrasive effects of mechanical impurities, as well
as variable hydrodynamic flow modes. In a sharply continental climate, temperature
differences between seasons and even during the day can reach tens of degrees, which
leads to additional thermal stresses in the metal and accelerates the degradation of
materials [1]. Corrosion occupies a special place among the factors that reduce the
resource of oilfield equipment. Corrosion damage is one of the main reasons for the
premature failure of the pipelines of the well stream gathering systems, which transport
oil, gas and produced water from the production wells to the metering units, and then to
the integrated oil processing units. Corrosion leads to a reduction in pipe wall thickness,
pitting, cracks and through defects, which significantly increases the risk of accidents,
hydrocarbon leaks and environmental pollution.

Methodology & empirical analysis. The developed anticorrosion material is a
multicomponent bitumen-polymer composition with mineral fillers, designed to protect
the metal surfaces of oil and gas equipment from corrosion damage.

Composition of material includes:

bitumen - 35%;
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alkyd-urethane varnish - 20%;

solvent (pyrolysis distillate) - 30%;

filler (bentonite) - 10%;

rheological additive (micro silica) - 5%.

Anticorrosion effect of coating is provided by combination of chemical,
physicochemical and structural interactions between organic and inorganic components
of composition.

The bitumen in the composition functions as the main film-forming and
hydrophobic component. Its asphaltene-resinous fractions contain polar functional
groups (-OH, -COQOH, -S-), which provide adhesive interaction with the metal surface
and polymer components of the system. There is always an oxide-hydroxide layer (FeO,
Fe,O; FeOOH) on the surface of the steel. The polar components of bitumen (carboxylic
acids, phenolic and sulfur-containing compounds) are adsorbed on these centers:

Fe-OH+R-COOH—Fe-OOC-R+H20

As a result, an adhesive protective sublayer is formed, which reduces the

electrochemical activity of the metal.
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Figure 1. IR spectrum of bitumen grade 90/10

Bitumen 90/10 is a complex mixture of hydrocarbons and heterorganic compounds
(resins, asphaltenes, oils). As can be seen from Figure 1, the IR spectrum has wide and
overlapping bands. The main zones of the spectrum: 3349, 2918 and 2848 sm- polar
groups and hydrogen bonds; 1650 sm -I- stretching of C-H aliphatic chains;1453-548 sm™
-complex hydrocarbon structure (alkenes, aromatic rings, ethers, alcohols).

Bitumen 90/10 (oxidized petroleum bitumen) is a solid or semi-solid substance
obtained as a result of the air oxidation process, characterized by high hardness and
resistance to thermal loads. The marking "90/10" reflects such parameters as a softening
point of about 90 °C and a needle penetration depth of about 10- 0.1 mm at 25 °C, which
indicates low penetration and high hardness of the material [3].

Basic physical and chemical indicators of bitumen 90/10:

T
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The depth of penetration of the needle (penetration) at 25 °C is 5-15 x 0.1 mm, which
indicates hardness and low plasticity compared to softer bitumen.

The softening temperature by the ring ball method is 85-105 °C, which provides
high resistance to heat.

The density (specific gravity) at 25°C is approximately 1.01-1.06 g/sm 3, which is
typical for petroleum bitumen’s.

The extensibility (ductility) at 25 °C is more than 1.0-1.5 cm, showing some plasticity
at moderate temperatures.

Solubility in toluene or CS ; is not less than 99.5%, which indicates high organic
homogeneity and low content of inert particles [4].

Weight loss during heating - not more than 0.2-0.5%, reflects thermal stability
during heating to operating temperatures. The flash point is at least 240-250 °C, which
ensures safety during heating and application of the material.

Surface treatment with protective compositions is required for almost every type of
surface or material, especially bases that are subject to mechanical type effects or factors
that adversely affect their condition as well as their appearance. Such a question is
relevant even for wood and for metal. On the market, you can find many different means
recommended for such materials, including alkyd-urethane varnishes. Such a
composition is a mixture of resins of synthetic origin and solvents of natural origin [5].

Alkyd-urethane varnish acts as a polymer modifier of bitumen - urethane groups (-
NH-CO-O-) and alkyd chains of varnish interact with polar components of bitumen
through hydrogen and donor-acceptor bonds. As a result, a spatially cross-linked
bitumen-polymer matrix is formed, which is characterized by increased elasticity, crack
resistance and adhesive strength.

Oxidation-polymerization processes of the alkyd part of the varnish (when the
coating dries) - alkyd chains contain unsaturated fragments that, upon contact with air
oxygen, partially cross-link [6]:

R-CH = CH-R+0O2 — R-CH-O-O-CH-R — 3D polymer mesh

These processes increase the mechanical strength and chemical resistance of the
coating.

Interaction of alkyd-urethane varnish with bitumen - urethane groups of varnish
form hydrogen and acceptor bonds with polar fragments of bitumen:

R-NH-CO-O-R "--- HO-Bitumen

This results in the formation of a spatially structured bitumen-polymer matrix. By
its own composition, it will be a mixture of alkyds, as well as polymers. Substances are
ways to provide metal bases with shine, as well as a beautiful appearance. The mixture
has incredible resistance to aggressive chemicals, increased humidity, thermal effects on
the surface, and moreover, adhesion to different types of material will make it possible
to use varnish outdoors and indoors. In order to properly carry out work on the
application of alkyd type varnish, it is necessary to perform priming or even putty of the
surface. Even before application, the base should be cleaned of dirt and dust, and also
degreased [7].
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Table 1. Technical characteristics of alkyd-urethane varnish

Norm
Ne . Grade A premium Grade K Grade M
Indicator
grade
1 Modifier TDI TDI IPOI
Varnish color on the iodometric 20 20 20
2 scale, mg 32/100 cm?, not darker
than
Relative viscosity at temperature 160-250 140-220 160-250
(20 £0.5) °C, not less than
Drying time to grade 3, h,
maximum:
4 at temperature (20 + 2) °C 4 3
at temperature (80 = 2) °C 1 0.5 1
Coating hardness by pendulum
5 device of TML type (pendulum 0.25
A), rel. units, not less than 0.25 0.25 ’
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Figure 2. IR spectroscopic analysis of pyrolysis distillate

As can be seen from Figure 2, the IR spectrum showed bands characteristic of
aromatic groups (3047.53 sm -, 1610.56 sm-!), for alkene group -C = C- (1253.73 sm ;
1440.83 sm™), for vinyl group> C = CHz (700.16 sm ), for dienes C = C =C (1980.89 sm )
and bands characteristic of alkyne (599.66 sm ). The characteristic triplet is clearly
manifested 725.23 sm *; 754.17 sm “land 802.39 sm -lare signs of aromatic structures.

Pyrolysis gasolines are known to be a potential feedstock for the petrochemical
production of benzene, thowol, xylenes and their homologues or the production of high-
octane motor fuels.

However, the rational use of pyrolysis gasolines is extremely complicated due to
the presence of rapidly salting diene and other unsaturated hydrocarbons in them. The
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resulting resins equally interfere with both the recovery of aromatic components from
gasolines and their use as high-octane fuel components. Therefore, the resin-forming
components contained in pyrolysis gasolines must be converted to chemically stable
saturated hydrocarbons by deep hydrogenation.

Aromatic and unsaturated pyrolysis distillate compounds interact with bitumen
asphaltenes, stabilizing their dispersed state and reducing the tendency to aggregation.
This leads to a decrease in internal stresses in the protective film and an increase in its
resistance to thermal oxidative aging. Aromatic hydrocarbons of pyrolysis distillate
solvate asphaltenes:

Asphaltene (aggregate) +Ar-N — Asphaltene (dispersed).This provides reduced
viscosity and uniformity of the composition.

Bentonite, the main component of which is montmorillonite, has a layered structure
and a high specific surface. In the composition, it acts as an active structure-forming filler.
The composition of the bentonite of the “Navbahor” mine consists mainly of carbonate-
palygorskite, and the total chemical composition consists of the following clays: Mg2Al:
[SisO20] (OH)2 ® 8H20 ¢ CaCO:s [8].

Montmorillonite (Ca, Na) (Mg, Al Fe)2 [(5i, Al)«O10] (OH)2 nH20 and bentonite also
contain kaolinite Als [SisO1w] (OH)s, polymorphic modification, feldspar K [AlSisOs] -
Nal[Al SisOs] -Ca [ALSi20Os], quartz SiO2, baydellite (Na, Ca) Al (Si, Al)), calcite CaCOs.

In the IR spectrum of bentonite, peaks are often observed in the region of 3400-3600
sm !, which correspond to the absorption of O-H bonds (hydroxyl groups). These peaks
indicate the presence of hydroxyl groups in the structure of bentonite, which is associated
with its clay origin. Peaks in the region of 1620-1650 sm ' may be associated with O-H
group deformation oscillations. These peaks also indicate the presence of water or
hydroxyl groups. In the region of 1000-1100 sm !, peaks are often observed
corresponding to tension fluctuations of Si-O bonds, which is associated with silica
structural units in the composition of bentonite. Peaks in the region of 500-700 sm -! may
reflect deformation vibrations of Al-O bonds, which indicates the presence of
aluminosilicate structures in the mineral. Peaks 800-950 sm™: These peaks are often
associated with bond vibrations in the silica lattice[9].

Surface hydroxyl groups of bentonite adsorb polar fragments of bitumen and alkyd-
urethane varnish, which contributes to the formation of a spatial framework inside the
coating. Due to this, mechanical strength, thixotropic properties and resistance of the
material to runoff during application are increased.

Surface -OH groups of montmorillonite interact with polar groups of binder and
mineral-organic framework of coating is formed:

=Si-OH+R-COOH—=S5i-OOC-R+H-20
=Al-OH:---NH-CO-O-R

In addition, bentonite reduces the permeability of the coating to water, oxygen and
electrolyte ions, which slows down the electrochemical corrosion processes on the metal
surface.
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Micro silica (amorphous silicon dioxide) is introduced into the composition in a
small amount, but it has a significant effect on its structure. Due to the high dispersion
and developed surface, micro silica particles are evenly distributed in the bitumen-
polymer matrix and fill the micropores of the coating [10].

The main component of which is silica - silicon dioxide or SiOy, its total amount in
the material can reach about 98-99%. Among the other components are carbon, oxides of
calcium, magnesium, aluminum and iron, and many others. The starting material from
which micro silica is obtained does not have a constant composition, therefore,
depending on the type of metallurgical production, the method of production and other
factors, the quantitative indicators of individual micro silica impurities can vary from 0
to 5% [11].

Interfacial interaction of micro silica with an organic binder leads to compaction of
the protective film structure and reduced diffusion of corrosive agents to the metal
surface, which increases the atmospheric and chemical resistance of the coating.

Amorphous SiO; enters into surface hydrogen bonds [12]:

=5i-OH:--O=C-NH-R =5i-OH---HO-Bit

Results. As a result of the combined action of all the ingredients, a dense, elastic
and adhesive-strong formed, and also helps to compact the structure and reduce the
permeability of the coating. The anti-corrosion effect is realized due to:

- a barrier mechanism to prevent penetration of moisture and aggressive
components;

- adsorptive interaction of polar groups of binder with metal surface;

- reduction of electrochemical activity of corrosion processes;

- high mechanical and thermal stability of the coating.

Chemical interaction of composition components is mainly of adsorption-
coordination and hydrogen-bound character and is accompanied by formation of
spatially structured bitumen-polymer matrix with participation of mineral fillers, which
provides high level of corrosion protection of metal surface.

Conclusions. Thus, the developed anticorrosive material has a set of protective
properties that ensure an increase in the service life of o0il and gas equipment in an
aggressive environment and a sharply continental climate. The effect of temperature on
drying time has been established experimentally: when the temperature rises from 20 °C
to 40 °C, the drying time of each composition is almost halved, which is important for
optimizing the coating process. Corrosion resistance, water resistance and adhesion tests
were carried out, all compositions showed high resistance to moisture and aggressive
media. Compositions with alkyd-urethane varnish and micro silica demonstrated the
best adhesion and water resistance. It has been found that mineral fillers, including
bentonite and micro silica, significantly increase the structural density and mechanical
strength of coatings, reduce porosity and improve corrosion protection properties. All
ingredients used are available on the domestic market of Uzbekistan at relatively low
prices, which ensures the economic feasibility of creating local anti-corrosion coatings
and reduces dependence on imported raw materials. The conducted set of studies makes
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it possible to recommend optimal compositions for practical use on oil and gas pipelines,
taking into account operational conditions and technological requirements, and also
serves as a basis for the further development of new modified coatings.
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