C. Topaiiruipon aruinaars: Hannoaap memickertik ynunepenrerinin

FbLIIBIMH KYPHAIBI

HAYUHBII )KYPHAI
Masaoaapexkoro rocyaapersennoro ynusepeunrera umenn C. Topaiirsiposa

IIMY XABAPUHIBICBI

3Heprem|ca.nbn< cepmlcm
1997 xbinan OacTarn HbIFaabl

‘\\‘““’N’
M 4,

-

§

%,

A U1+ i

Wi~ 7950~ rY_

BECTHUK IIT'Y

JHepreTHYeCcKas cepust
HU3znaerca ¢ 1997 roaa

Ne 2 (2018)

IlaBnoaap



[IMY Nafapumcy [SSN 1811-1858, uepeemusamy cepuscn. No 2 2018 Becruuk [I7Y, ISSN 1811-1858, Cepus anepeemuiecsan. Ne 2. 2018
CVbEHA KOUBIAAmbIN MAAanmapost Kataeammanosipacde. Capbimcar, Kotine SRSTI61.01
aentitosl cvrapdet opmatua motwepd cazamstia 188 mexue mempoi
gypatios. «TMX3» KIIC nasiodapisis 2K I0-3-1en exi cambLisg Hanpi V. V. Ryndin', G. G. Abdullina?, A. T. Abdullin?
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The article shows the results of the research carried out to develop *Faculty of Metallurgy, Machine Building and Transport, Department of
technological solutions for wastewater wtilization of «Paviodar Oil «Mechanics and Oil and Gas Business», §. Toraighyrov Pavlodar State University,
Chemisiry Refinerys LLP. The analysis of possible technological solutions Pavlodar, 140008, Republic of Kazakhstan;
of wastewater wiilization was carried out. Taking inio account the guality *Faculty of Metallurgy, Machine Building and Transport, Department of
of waste water of « POCR» LLP, discharged into Lake Sarvmsak, its aMechanics and Oil and Gas Business», S. Toraighyrov Pavlodar State University,
posi-treatment can be performed using ion exchange or membrane Pavlodar, 140008, Republic of Kazakhstan
technologies. Purified wastewater can be used for feeding boilers-utilizers e-mail: *aslan0477@mail.ru
instead of treated water purchased from Paviodar CHP-3, as it will meet
the requirements for make-up water boilers data. The average amount of PROTECTION OF MAIN OIL AND GAS PIPELINES
wastewater discharged into Lake Sarvmsak is 188 cubic meters per hour,

«POCR» LLP buys an average of 200 tons per hour of demineralized water FROM CORROSION WITH THE METHOD
from Paviodar CHP-3 for feeding HRSG afier 2 sodium-cationization steps. OF GAS PLASMA SPRAYING

Corrosion of pipelines is one of the main causes of accidents in the oil
and gas industry. This industry traditionally deals with fairly aggressive
environments transported through pipelines, so ensuring corrosion
protection is one of the main measures to ensure indusirial safety. In
this paper, the problem of increasing the corrosion resistance of main
oil and gas pipelines is considered. Because of this, the choice of the
optimal method for controlling corrosion is particularly relevant. Effective
introduction of modern developments in the field of corrosion protection
will significantly reduce the number of accidents and financial losses that
are caused by the éffect of corrosion on pipelines. One of the methods
to combat corrosion processes is gas flame spraving, which provides
machined surfaces with increased wear resistance, including resistance
fo corrosion, temperatures, abrasive wear, and so on.

Key words: main pipeline, oil and gas pipeline, corrosion, gas-flame
spraying.

INTRODUCTION
The constant development of the petrochemical industry determines the need
for materials that have high performance properties, primarily such as corrosion
and heat resistance. High-alloy steels can only accomplish this task in part because
of their high cost and limited production, so low-cost, low-alloy or carbon steel is
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now universally applied. They have low performance characteristics, due to which
metal losses due to corrosion account for about 25 % of their annual production,
and economic losses, even in industrialized countries, reach 4 % of the gross
national product.

The characteristics and properties of steels and alloys are determined to a large
extent by the state of their surface, as well as by the physicochemical interaction
at the interfaces, this circumstance determines the growing popularity of methods
and technologies for applying highly effective protective coatings, nstead of using
bulk doping. Since in many respects the coatings are superior to high-alloyed
alloys and the cost of products with protective coatings is much lower than the
cost of products made from high-alloyed alloys, their use is economically feasible.
Coatings are increasingly used in surface modification of materials, allowing to
obtain a set of operational properties, such as heat and heat resistance, corrosion
resistance, wear resistance, hardness, etc.

Particularly acute 1s the problem of increasing the corrosion resistance of oil
and gas pipelines, technological pipelines of enterprises and other equipment of the
petrochemical cluster used in the extraction and transportation of hydrocarbons.
Corrosion processes are the basis of their environmental safety (accidents at these
sites cause significant damage to the environment, cause, large destruction, cause
accidents). However, among a large number of corrosion protection technologies,
there are none that fully meet the complex of parameters, since each technology
has certain advantages and disadvantages. In this regard, the development of a
comprehensive technology for corrosion protection of o1l and gas equipment is
relevant.

For convenience of analysis, all reasons contributing to the emergence of
emergency situations are combined into 6 generalized groups of factors. They are:
corrosion, equipment defects, external impact, natural effects, erroneous actions
of personnel, others.

The distribution of accidents on the main oil and gas pipelines, depending
on the causes of their occurrence, is shown in figure 1.

MAIN PART

When carrying out a statistical analysis of accident data in the oil and
petrochemical industries, it is possible to identify general trends and factors that can
be used in practice and when improving regulatory documents on risk assessment
at gas and petrochemical cluster facilities. Corrosion and external influences
are the underlying factors of premature wear and equipment failure in these
industries. The development of technologies and methods for increasing corrosion
resistance, improving the operational properties of petrochemical equipment parts
1s undoubtedly one of the pniority tasks for ensuring their safe operation.
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Diagram 1 — The main causes of accidents on main oil and gas pipelines
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A promising method of protection against corrosion is gas flame spraying
{GPN). This method involves heating the powder, rod (wire) or cord material
{Fig. 1, 2) in the flame of the gas flare and delivering the smallest particles to the
surface of the workpiece with a flue gas stream. As a source of thermal energy,
a flame occurs as a result of combustion of an oxygen-combustible gas mixture
{acetylene or propane). The gas-flame method 1s distinguished by the relative
simplicity of the equipment used. At the same time, a continuous supply of oxygen
and fuel is required to carry out the process. The temperature of the deposited
material passing through the torch torch is close to the melting temperature. When
in contact with the surface of the product, the heated particles «stick» with the
substrate and with each other, forming a dense and uniform coating thickness.

Materials that can be applied in this way are diverse. It can be metals and
metal alloys (chrome, nickel, aluminum, bronze, babbitt), oxides ( titanium dioxide,
aluminum oxide), carbides and even polymeric materials.

The described method has the following main advantages: high productivity,
high localization of coatings, negligible impact on the deposited substrate,
unlimited dimensions of the workpiece, a wide spectrum of combination of coating
and substrate materials, low noise and emissions, simplicity and mobility of
equipment, a wide range of possible thicknesses coatings, simplicity of technology.

Disadvantages of the method are: low coefficient of use of thermal energy
of flue gases, restrictions on the use of some low-melting materials.

The method in question makes it possible to technologically obtain a strong
coating with high adhesion properties, without mixing with the base material.
The structural layer of the coating consists of a solid solution and excess phases
of the deposition materials. The length of the fusion zone with the base material
does not exceed 0.04 mm.
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Figure 1 — Scheme of powdered gas-flame spraying
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Figure 2 — Scheme of wire flame spraying

A variation of the gas-flame coating method, with supersonic exhaust velocity
of the working gas-powder mixture (7-9 sound velocities). The key advantages
of high-speed flame spraying are the high density of the resulting coating and the
low content of oxides. The low content of oxides in the resulting layer is due to
the fact that at a given high speed, the accelerated particles are extremely small
in a high-temperature gaseous medium. An important factor is also not the high
temperature (= 3000 °C) of the gas environment in comparison with alternative
processes.

One of the important advantages of the method is the formation of compression
stresses in applied coatings. This allows to obtain thicker coatings (up to 10 mm),
with high adhesive strength and porosity of less than 1 %, which is impossible
with subsonic gas-thermal spraying methods. The method is characterized by high

productivity (with the use of industrial equipment, the consumption of powder
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material reaches 30 kg / h), which can be successfully used to apply anticorrosive
coatings on the main pipeline transport and large-scale components of o1l and gas
and petrochemical industries.

The structural scheme of the apparatus for applying HVOF coatings is shown
in figure 3.
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Figure 3 — High-speed gas-flame spraying scheme

The method in question makes it possible to technologically obtain a strong
coating with high adhesion properties, without mixing with the base material.
The structural layer of the coating consists of a solid solution and excess phases
of the deposition materials. The length of the fusion zone with the base material
does not exceed 0.04 mm.

CONCLUSIONS

The correct choice of a highly effective protective coating for a particular
field of operation is not an easy task, which can be successfully solved by taking
into account:

— properties of protective coatings;

— operating conditions of the product;

— economic validity of the application of the coating.

In the petrochemical industry, especially the transporting environments of
high temperatures and pressures, the components and components of the equipment
are subjected to highly corrosive and mechanical effects, therefore, it is most
rational to use metallization methods of coating. The gas-flame method, as the
most accessible coating technology, can be successfully used for surface treatment,
both extended oil and gas pipelines, and small-sized parts, and equipment units
of the petrochemical industry. This method ensures obtaining a uniform covering
of the whole product area, which has a complex of required, easily variable,

protective properties.
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KyOuipaaposty Koppo3uscel MyHai-2az oHepracioindei anammapobiiy
Hezizel cebenmepiniy Oipi Goasin madeirads. bya cara docmypai
mypode KyOoipiap apKoiabl mMacotmMaioandmotit o0il aepeccusmi
opmaiapmen aunaIncaobl, coHOBIKMAan Kopposusdan Kopeay — oy
OHEPRICINMIK Kayinciz0ikmi Kammamacsis emyoiy neeizei wapanaposty
Oipi. Ocbhi Makarada nezizei MyHau xcone 2a3 Kyoolpaapoiibiy
Kopposusea moziMoinicin apmmotpy moceneci kapacmoipoliyoa. OcolHbil
candapsiian Kopposusnsbl HAKLLIAVObI OHMaitisl d0ici manoay Maybi3obl.
Kopposusdan kopeay caracsinda samanayu ozipaemenepoi muimoi eneizy
Kyoutpacondapdaest Kopposus cepiten 6o1amuin Jeasamaibm okueaiap
MEH KAPNCHLAbIK WHI2LIHOAPOLLY CAHbIN aUmMApabiKkmai azaumaost.
Kopposus npoyecmepiven kypecyoiy bip mocini — moszyea mosimdi, mom
Gacyea, memnepamypaea, abpasusmi moszyea jcone mazot Hacka mosyea
mao3iMoi onderzen Hemmepol KAMMAMACH3 ememin 2az-niazmaisiy dimeyi.

Kopposus mpybonposodos A618emes 00HOl U3 OCHOBHBIX NPULUH
BOSHUKHOBEHUA Asapuil 6 HehmezazodoOuealowelt nPOMbIUIEeHHOCU.
Hannas ompacis mpaouyuonio umeen 0eio ¢ docmamoiio d2peccusibimu
cpedamu, mpancRopmupyembimu no mpyoonpoeooam, noamomy
ofecneyenue 3awumst om KOpPoOuU AGIAEMCs 0OHOU U3 OCHOBHBIX
Mep no obecnedenuio npombiaenion tesonachocmu. B nacmoswyett
cmamove paceMampueaemces npobreMa nosulUenus KoppoIuoHHol
CMOUKOCMU MA2UCMPATbHBIX Hedhmezazonpoeodos. Beaedemeaue
MO0, GLIOOP ONMUMATLHO20 Menmodd HoPLOLL ¢ KOppo3Uel A6IAemcs
0CoOeHHO akmyaibibim. Dhexmuenoe snedpenue cospemenblx
paspabomox € 0dIACMU 3AUMBE OM KOPPO3UU NO3GOAUNM 60 MHO2OM
coKpamume 4ucio asapuil U (HUHAHCOBLIX NOMEPb, KOMopble 6bi36dNbl
GAUAHUEM KOppo3uw na mpyoonpoeodsl. Oonum uz memodos Gopbiost
¢ KOPPOIUOHHBLMU NPOYECCAMU RENAEMCA 2a30NTAMEHH0E HANbLIeHUE,
Komopoe obecnequsaem oopadambleaemsim NOGEPXHOCMAM HOBLIEHHYIO
UBHOCOCMOUKOCHTb, BKAIOYAR YCMOUNUBOCTL K KOPPOIUL, MEMREpamypam,
ahpasuenomy usHocy u m.o.






