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ABSTRACT

KEYWORDS

The current stage of development of science and technology is characterized by the level of application of
nanotechnology. The scope of application of this technology in industry is increasing every day. For the first
time in Azerbaijan, nanotechnology has been applied in the oil sector and has had a serious impact on the level
of oil and gas production. The republic has adopted three Nanoneft programs covering 2010-2015, 2016-2020 and
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2021-2025. These programs have become a great incentive for the development of this field of science. Currently,

nanotechnologies are successfully applied in such areas as oil production, well drilling, petrochemistry, ecology,

geology, and petroleum engineering. The article considers the possibility of using nanotechnology in the designs

of oil and gas field equipment in order to increase their reliability and durability.
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1. Introduction

Despite the fact that petroleum science has a rather long
history, the use of nanomaterials and nanotechnologies in this
sector of the Azerbaijani industry dates back to the 80s of the
twentieth century. At the same time, the rapid development
of this direction is associated with the beginning of the XXI
century, covering such industries as mechanical engineering,
defense industry, information sphere, radio electronics,
energy, transport, biotechnology, medicine, etc.

Nanotechnology is a new direction about the creation
of modified technologies based on the use of components
with particle sizes less than 100 nm (10-9 meters), having a
fundamentally new quality.

Currently, morethan30countriesof theworld haveadopted
national programs for the development of nanotechnology
in a wide range of industries of oil and gas extraction
and processing, their conservation and transportation. For
the first time in Azerbaijan, nanotechnology was applied
in the oil sector, covering such areas as «Nano-mining»,
«Nanoburring», «Nanoneftekhim» and «Econanoneft».

Three Nanoneft programs covering 2010-2015, 2016-
2020 and 2021-2025 have become a great incentive for the
development of this area of science.

Currently, with the use of NT, good results have been
achieved in the fight against salt formation and sand jams, as
well as with deposits of paraffin and various resins [1].

When using nanosolutions in the drilling process,
an increase in penetration was achieved, since the use
of nanosystems contributes to a sharp decrease in the
coefficient of friction in the «clay shell-drilling tool» contact.
In parallel with this, their synergistic effect was established,
in particular, an increase in the corrosion resistance and wear
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resistance of the chisels.

It is known that [2, 3] heavy waterlogging of sediments
and low permeability of formations complicate the extraction
process. This requires the development and application of
new innovative technologies, including nanotechnology.

In the works discussed above, the following issues were
mainly studied: the impact of nanosystems on the productivity
of production processes, combating waterlogging of wells,
reducing energy costs for pumping, lifting and preparing
oil; utilization of low pressure and associated petroleum gas,
environmental problems, etc. were touched upon. At the
same time, the issues of increasing the durability of oilfield
equipment due to the use of NT were considered to a lesser
extent [4].

In this part, it is possible to note developments on the
practical application of nanotechnology in the field of creating
structural materials that increase strength, operational and
special properties due to the nanocrystalline structure [5-7].

2. Statement of research objectives

Based on the above, the purpose of this work is the tactical
and strategic possibilities of using nanotechnology in oilfield
equipment.

Since 2015, nanotechnology has found applications in
such sectors as geology and oilfield equipment. Therefore,
the use of nanotechnology in the structures of oilfield
equipment, in order to increase their reliability and durability
is relevant (fig.1).

The purpose of this work is to study the possibility of
using nanotechnology in the structures of oilfield equipment,
in order to increase their reliability and durability.

By analyzing the main causes of failures of OGFE parts
and assemblies, it was found that they can be combined as
corrosion, wear and deformation. In parallel, it was found
that steels, polymers and compositions based on them, as
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Fig.1. The main directions of nanotechnology application
in the Azerbaijan oil sector

well as rubber of various brands are used as materials for
their manufacture.

Table 1 shows the rate of application of polymer materials
in the structures of oilfield equipment.

As can be seen from the analysis of table, when the use
of plastic materials applied in parts and nodes of the ODE
significantly decreased compared to 1970, the number of
them began to increase in dynamics in the following years.

Depending on the operating conditions and constructive
characteristics of the oil drilling equipment, various
requirements are imposed on the plastic materials applied
here. The requirements of machine parts made of metal are
classified in 4 groups depending on their functional purpose:
connecting, sealing, parts used in power and friction units.
As a result of our research, it has been established that the
requirements in parts made of polymeric materials can be
grouped according to the following indicators:

- by designation: threaded parts, transmission nodes
(rotation, displacement, etc.);

- according to geometric characteristics;

- according to its constructive structure: monolithic and
hybrid parts, fittings and parts included in the plug assembly.

- polymer-based coating materials.

Taking into account the above, polymeric materials used
in the structures of the OGFE can be included in the following
requirements: high mechanical strength, dimensional
accuracy, wear resistance and resistance to external aggressive
environment. In addition, it should be borne in mind that in
the country's conditions, oil and field equipment is affected
by a wide range of atmospheric changes, and it is very
important to take into account these factors. The fact that the
operating conditions are below and above the norm leads to
the rapid disintegration of the materials used in the structures
of the OGFE or to a change in their properties. Also, due to
air pollution, intensive wear of rubbing surfaces of parts
can occur, for example, in Absheron Peninsula, there are
frequent winds accompanied by storm, as a result of which
large amounts of dust and sand are emitted into the air. It has
been established that the climatic conditions in yistism are

very complex, sometimes the atmospheric temperature varies
within the limits from -20 to + 48 °C.

Depending on the seasonal changes, the average annual
relative humidity in the country is 70-72 %, in winter it rises
to 81-88 %, and in summer it falls to 50-55 %.

Based on the above, a group of details of oilfield equipment
for the use of polymer materials with nanonized surfaces
were selected for further research

Figure 2 shows the operating conditions and functional
purposes of oil and gas field equipment, the main materials
for the manufacture of their parts and assemblies, as well as
a list of parts where nanotechnology can be used.

It is known [8] that modern oil and gas field equipment
(OGFE) is operated in specific and difficult conditions.
During operation, many parts and interfaces experience
significant cyclic and variable loads, the influence of abrasive
and aggressive media. These have a strong effect on the
bearing capacity of OGFE. One of the innovative approaches
to eliminate these shortcomings is the use of nanotechnology.

As a result of field observations of OGFE's work, we
have selected a number of parts and assemblies for the near
future as research objects, in the manufacture of which it is
advisable and initially nanotechnology will be used. The list
of such components and parts includes fittings for fountain
fittings, couplings and a plunger pair of rod borehole pumps,
the working body of electric pump units, sealing cuffs,
including oil seals and sealing rings of oilfield pumps, etc.
The design of some are shown in figure 3.

As can be seen from the analysis of figure 3, these details
are applied mainly to protect the grooved surfaces from
damage, which are not subject to force and overloads, as
well as to protect them from damage. The requirements for
obtaining accuracy is out as a key factor in their preparation.
However, in some cases, it is required to solve complex
requirements for the preparation of precision abrasive wear
resistance (filter pumps), as well as parts subject to friction
wear (working rod of electric submersible Nano).

Hybrid (metal+polymerized composite) parts used in the
structures of equipment from oil were reflected (fig. 4).

Nanotechnology has been successfully applied in the
structures of ceramic parts, in particular in the manufacture
of fountain fittings [9-11]. In 2019, 386 units of nanostructured
fittings of various diameters (3-16 mm) were tested in various
oil-producing divisions of Azneft PU, including OPD «28
May» (121 wells), OPD «Neft Dashlari» (152 wells), OPD
«Absheronneft» (101 wells) and «Bibi-Eybatneft» (12 wells).

Thanks to the use of nanotechnology, the efficiency
of fittings used to regulate the pressure in fountain
fittings has been dramatically increased. With the use of
nanotechnology, the breakage of sectional connections of
electric submersible pumps was practically eliminated,

Table
Information about polymeric materials applied in oilfield equipment
g By years

Indicators

1970 1995 2000 2005 2010 2015 2020
Number of parts made of 300 50 75 78 90 91 098
polymer material, PCs
Thermoplasts, ton 258.3 46.6 65.5 67.2 81.5 85.8 86.6
Reactoplasts, ton 85.2 16.8 22.1 34.1 45.9 57.6 66.2
Coating materials, ton 2123.5 1224.3 1625.8 1764.3 1805.5 1866.4 1902.2
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Fig.2. Operating conditions of oil and gas field equipment and a list of parts
recommended to be manufactured using nanotechnology

a)

d)

Fig. 3. Parts and knots of oil equipment made of plastic and polymer based composition
materials. a),b) working step of submersible pump; ¢) threaded caps made of
thermoreactive materials; d) sealing cuffs; e) drilling pump polymer -
based composites; f) rotor of truboburus from prestoz

f)

and for the period 2017-2020, no accidents were observed
due to «flights» of pump sections.

As a result of field observations of the operation of 100
electric centrifugal pumps (ECP), it was found that the
average operating time to failure due to mechanochemical

damage to the studs of flange connections is 70-150 days.

With the use of nanocoating, the breakage of the sectional
connections of the ECN was actually eliminated, and in 2018-
2020, emergency situations due to «flights» of pump sections
were not observed.
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Fig. 4. Hybrid (composite based on metal+polymer) parts used in oil-bearing
equipment: a), b) piston of oil-bearing pumps; c¢) metal + polymer seals;
d) valve of oil-bearing pump; e) spring elastamer rings used in water pumps

Conclusion

Thus, the following conclusions can be drawn:

- the use of nanotechnology has broad prospects for improving the efficiency of oil and gas complex
equipment, while further development of the theory and practice of using nanotechnology in oil and gas
field equipment is important.

- fillers are the most important element of the structure of polymer nanocomposite materials.

- the properties of composites are largely determined, among other parameters, also by the area of
the interface and the intensity of intermolecular interactions between the matrix and filler materials. The
transition to nanoscale fillers while optimizing the parameters of their synthesis allows not only to reduce
their specific consumption, but also to obtain materials with higher performance characteristics.

- among the specific areas of application of nanotechnology to improve the efficiency of development,
it is indicated: an increase in oil recovery (by 40-60%); a reduction in the water content of the extracted oil
and environmental improvement of the entire complex.
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DPPeKTUBHOCTD MCIOAb30BaHNMsI HAHOTEXHOAOTHIA B KOHCTPYKIIMSIX
He(TenpOMBICA0BOTO 000PYAOBaHMSI

N. A. I'abubos, C. M. Abacosa, . A. Mauaos
! Asep0OariA>KaHCKII TOCYAapCTBEeHHBIN YHUBEPCUTET He(pTU U IIPOMBIIIIAHHOCTTA,
baky, Asepbaitaskan; 2AzepOaiiA>KaHCKII TeXHUUECKUI yH1BepcnteT, baky, AsepbaitaskaH

Pedepar

CoBpeMeHHBIN DTaIl PasBUTVA HayKU VM TeXHUKU XapaKTepM3yeTcs YPOBHEM IpMMeHeHM:s HaHOTeX-
Hoaormii. Cdepa mpuMeHeHUs DTOV TeXHOAOTUM B IIPOMBIIIAEHHOCTY YBeANINBAETCA C KaKABIM JAHEM.
Briepsrie B Asep0baiia>kaHe HaHOTEXHOAOTVY OBLAM ITPVMMEHEeHH B HepTIHOM CeKTOpe U OKa3adll cephes-
HOe BAVAHNE Ha YPOBeHb A00brau HepTn u rasa. B pecrybauke mpusaTs Tpy mporpammsl «Hanonedrn»
Ha 2010-2015, 20162020 n 2021-2025 roapl. DTy IpoOrpaMMBbl CTaAu 00ABIINM CTUMYAOM AAsl Pa3BUTIS
9TOI 00AacTV HayKi. B HacTosIIee BpeMs HaHOTEXHOAOTUM YCIEITHO MPUMEHSIOTCA B TaKMX 004acTsX,
Kak He(Tej00bYa, OypeHne CKBaKIMH, He(PTeXMMUsA, DKOAOTUS, Te0A0THs, HedTerasosoe Jeao. B cratne
paccMoTpeHa BO3MOXKHOCTD MCITOAB30BaHMA HAHOT@XHOAOTUIT B KOHCTPYKIVIAX HepTerazormpoMBICA0BOTO
000pPyAOBaHN C I1eABIO TIOBBITIIEHNS VX HaAeXKHOCTHU U 4OATOBEYHOCTIL.

Katouegvie caosa: odbopysoBaHue 445 HepTerasoBBIX MeCTOPOXKAEHNIT; HAHOTeXHOAOTUST; HaAeSKHOCTD.

Neftmadan avadanliqlarinin konstruksiyasinda nanotexnologiyalarin
totbiqinin samarsliliyi

I. A. Habibov, S. M. Abasova, 1. A. May1lov
!Azarbaycan Dovlat Neft vo Senaye Universiteti, Baki, Azarbaycan;
?Azarbaycan Texniki Universiteti, Baki, Azarbaycan

Xiilasa

Elm ve texnikanin miiasir inkisaf marhalasi nanotexnologiyalarin tatbiqi seviyyesi ilo saciyyslenir.
Senayeds bu texnologiyamin ohate dairesi giinii-giinden artir. Azarbaycanda ilk dafe olaraq
nanotexnologiyalar neft sektorunda tatbiq edilmis ve neft ve qaz hasilatinin seviyyesina ciddi tasir
gostarmisdir. Respublikada 2010-2015, 2016-2020 ve 2021-2025-ci iller ii¢lin {i¢ Nano-neft proqrami gebul
edilmisdir. Bu proqramlar bu elm sahasinin inkisaf1 {iciin béytiik stimul oldu. Hazirda nanotexnologiyalar
neft hasilati, quyularin qazilmasi, neft kimyasi, ekologiya, geologiya, neft-qaz biznesi kimi sahalards ugurla
totbiq olunur. Maqalada neft ve qaz avadanliglarinin etibarliligini ve davamliligini artirmagq ti¢iin onlarin
layihalarinds nanotexnologiyalardan istifade imkanlar1 nazarden kegirilir.

Acgar sézlar: neft ve qaz yataqlar {iclin avadanlig; nanotexnologiya; etibarliliq.




