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Abstract. In the oil and gas industry, corrosion of equipment and pipelines poses a serious threat to the safety,
reliability and durability of infrastructure. Various methods have been developed to protect against corrosion, which are
key to ensuring the stable operation of technical systems. This article examines the main methods of corrosion
prevention, including cathodic protection, the use of protective coatings, the use of corrosion inhibitors and regular
maintenance. The advantages, limitations and optimal conditions of application of each method are discussed, as well as
recommendations for choosing the most effective corrosion protection strategies in the oil and gas industry are offered.

The paper considers the main types of corrosion, their causes and consequences. Then various protection
strategies are highlighted, including cathodic and anodic protection methods, the use of protective coatings, the use of
corrosion inhibitors, as well as technical methods for monitoring and monitoring the condition of equipment.

The advantages and limitations of each of these methods, their effectiveness, implementation and maintenance
costs are analyzed. There is also an emphasis on innovative technologies and the latest developments in the field of
corrosion protection, which may have the potential to improve the durability and reliability of oil and gas equipment.

The study highlights the importance of using a combination of different protection methods, as well as the need
for continuous improvement of technologies to minimize corrosion processes in the oil and gas industry.

Key words: factors, corrosion, equipment, aggressive components, protection methods, protective coatings,
pipelines, condition monitoring.

The issue of protection of oil and gas equipment of the Republic of Kazakhstan from
corrosion is currently one of the most urgent in the oil and gas industry.

The problem of metal corrosion has arisen since time immemorial, that is, in the process of
manufacturing metal weapons by man, and then various equipment.

The importance of the problem of metal corrosion has increased in the age of scientific and
technological progress, the increase in metal and profits used for the manufacture of technical
means, as well as the development of new technologies, increased revenues from oil and gas
products and refining, drilling and transportation of oil.

The development of oil fields occurs as a result of the use of underground devices and in
aggressive power environments, where hydrogen sulfide, carbon dioxide, organic acids, layered
waters with dissolved mineral salt, which lead to the corrosion process. In addition to aggressive
components that cause corrosion of devices, they are affected by high temperatures and pressures,
which accelerate the corrosion process. Underground metal structures are very expensive, in
principle, their service life is determined by the corrosion cost.

35


mailto:sakenu@yandex.ru
https://orcid.org/0000-0001-8795-5114
mailto:zhadi_0691@mail.ru
https://orcid.org/0000-0001-8539-1802
mailto:moldir_merei@mail.ru
https://orcid.org/0000-0001-5688-996X
mailto:symbat_amira@mail.ru
https://orcid.org/0009-0008-9417-1172
mailto:turysbekovaassem82@gmail.com
https://orcid.org/0009-0009-7957-6398
https://orcid.org/0000-0001-8795-5114
https://orcid.org/0000-0001-8539-1802
https://orcid.org/0000-0001-5688-996X
https://orcid.org/0009-0008-9417-1172
https://orcid.org/0009-0009-7957-6398

BectHuk AKTIOOMHCKOTO pernoHaibHoro ynuBepcureta uM. K. XKybanosa, Ne2 (76), utons, 2024
TexHnueckue HayKH

The term "corrosion™ should not be used if the oxidation of metals is necessary to undergo a
certain technological process. For example, it is impossible to talk about corrosion of a soluble
anode in an electrolytic bath, since the anode must be oxidized by passing its ions into the solution
in order for the electrolysis process to take place. The aluminothermic process cannot be said about
aluminum corrosion in the past. But in all such conditions that have passed with metal, the physico-
chemical nature of the changes is the same: the metal is oxidized. Therefore, the term “corrosion™ is
widely used in major scientific papers, as well as in technical literature[1].

Materials and methods of research. Depending on the nature of the interaction of the metal
with the medium, corrosion is distinguished by the mechanism of 2 main types: chemical and
electrochemical corrosion.

Chemical corrosion occurs according to the laws of the chemical reaction of metal with the
surrounding gaseous or liquid medium. In addition, corrosion products are formed over the entire
surface of the metal in contact with an aggressive environment. Together with their chemical
mechanism, the following types of corrosion processes occur: corrosion in gas and non-electrolytes.

Gas corrosion is the best destruction of metal at high temperatures and the complete loss of a
liquid film on the surface of metal products as a result of metal oxidation with oxygen or other gas
(for example, corrosion of gas turbines at compressor stations, pipes of boiler installations, exhaust
manifolds of internal combustion engines.

Corrosion of fishing equipment-underground corrosion is often caused by the life of
microorganisms found in the earth's crust and soil. Currently, much attention is being paid to
biocorrosion. It secretes anaerobic bacteria in the absence of oxygen and aerobic bacteria whose
vital activity stops in the presence of oxygen. The greatest danger is posed by anaerobic sulfate-
reducing bacteria, which are widespread in nature, develop in silty, soil and swampy places, mud,
sewage, oil wells, soil, cement, places where anaerobic conditions exist. The most suitable
environment for the development of these bacteria is the earth with a pH = 5-9 (optimally 6-7.5) at a
temperature of 20-25°C [2]. Bacteria reduce sulfates contained in the earth to sulfide ions by
releasing oxygen using hydrogen produced during the cathode process.

MgSQOs+ 4H+ =Mg(OH), + H2S + O2 [1]

The released oxygen is consumed for the passage of cathodic depolarization. Hydrogen
sulfide reduces the current strength of hydrogen in acidic and slightly acidic regions, facilitating the
cathode process under these conditions. Sulfide ions are accelerated by the anodic corrosion process
of steel. Under the action of sulfate-reducing bacteria, hydrogen sulfide is formed, which binds to
iron and gives sulfurous iron FeS. Some researchers report that the rate of corrosion damage to iron
can increase by 20 times due to exposure to these bacteria.

There is also a small risk of aerobic bacteria for underground metal structures. Aerobic sulfur
bacteria play an important role in the process of metal destruction, which, according to the
following equation, oxidize hydrogen sulfide to sulfur, and then to sulfuric acid:

2H,S + 02=2H,0 + S, [2]
Sz + 2H20 + 302 = 2H,SO04 [3]
The resulting acid intensively destroys metal underground structures.
The corrosion process starts from the metal surface and penetrates into the material. As a
result, the mineral changes: chemical processes occur on its surface, forming depressions (spots,

fistulas, wounds) filled with corrosion products, mainly Fe>Os. Table 1 shows the classification
according to the nature of corrosion damage to the metal.
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Table 1. The nature of corrosion disorders.

Corrosion protection ‘
methods
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alloys restrictions, repair oxygen temperature of the of the injection fluid
P and insulation injection fluid preventing the injection of
¢ works, packers contaminated fresh water
. AN J into the reservoir pressure
App llcﬂtlf)ﬂ of ¢ maintenance system by
p m!ef:m ¢ . sulfate-reducing bacteria
coatings \ h ~
T 4 The use of CO, ¢
v i ASPO, DI
Tread protection inhibitors “f.hh Application for pumping process fluids with low corrosion activity into
low corrosion wells
activity
\ L
N
Reducing the flow rate

Table 1 discusses the classification of corrosion damage to metal. In modern science, there
are several classifications based on the mechanism of chemical corrosion, redox reactions underlie
most corrosion processes. The decomposing metal is a reducing agent, an oxidizer. At temperatures
above 300 °C, iron is oxidized with oxygen, and hydrogen sulfide is slightly lower at 260 °C and
above. In a wet state, the activation energy is slightly lower than in a humid climate, when there are
no water molecules, and the mechanism of the entire reaction changes.

The main methods of corrosion control of oilfield equipment used today by domestic and
foreign companies can be divided into three groups: chemical, physical and technological.

Technological methods of corrosion protection can be called the correction of corrosion
factors in the well, including limiting water flow, preventing oxygen intake, reducing fluid flow and
temperature, etc.

The concept of corrosion refers to the chemical and mechanical destruction of metal surfaces
under the influence of the environment.

The increased corrosive aggressiveness of water extracted with oil is also a serious problem. It
will be necessary to distinguish between external and internal corrosion caused by atmospheric
phenomena, groundwater or aggressive environment carried inside the main pipelines.

Corrosion is a slow process that can take several years, gradually destroying the equipment.
Protecting oilfield pipes from corrosion is an important task for the industry's core industry.

Purpose of the work

The main purpose of corrosion inhibitors is to reduce the aggressiveness of gas and
electrolytic media, as well as to prevent active contact of the metal surface with the environment.
The inhibitor must have good solubility in a corrosive environment and high adsorption capacity on
the metal surface.

The main way to protect professional equipment from corrosion is braking. Corrosion
inhibitors are not difficult to use and are very effective, since waste and semi-finished products of
the synthesis of a number of organic additives can be used in the preparation of inhibitors.

The main reason for the corrosive destruction of the inner surface of metals is the presence of
water, salts and aggressive gases in a tasmanized or stored environment. After obtaining oil and gas
(mechanical impurities, salts, hydrocarbons, carbon dioxide, etc.), a large number of the listed
components remain in them. Gases and salts dissolved in water form an electrolyte that causes
corrosion of metal equipment used in the transportation of oil and gas.
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Table 2. Types of inhibitors.

Types of corrosion inhibitors (by mechanism of action)
Barrier-type inhibitors Neutralizers The Destroyer Other
Anodic, Oxidizing agents Surface Film
cathodic, mixed Conversion
Forms films with | The oxide formsa | Forms insoluble
physical film that moves the | films on the metal
adsorption corrosion potential | surface Increases Removes Suppresses the
into the passive the pH aggressive function of
zone environment | components from | sulfate-reducing
the environment | bacteria
Acetylene Nitrites, chromates, | Phosphates, Soda, borax, | Dioxane and Biocides
alcohol, sulfur- etc. silicates, etc others
containing ferrocyanides
substances

Table 2 shows that corrosion on the inner surface of metal equipment can be stopped or
slowed down by the double action of various chemicals (neutralizers, inhibitors) on the transported
or stored medium. Currently, neutralizers are often not used, and inhibitors are used only if accurate
data on the type of corrosion and the conditions of the corrosion process are known. A number of
approaches to the introduction of inhibitors into all installations have been improved. They ensure
that the inhibitors get into the most difficult areas of the installation.

Results and discussions

The solution to the problem of improving the technology of preparing Alba Cenomanian
waters to maintain reservoir pressure is based on practical experience in using oilfield equipment at
the Alibekmola field. Based on the analysis of the processes occurring in the layers and measures
aimed at combating corrosion complications, recommendations have been developed for the
protection of equipment and reservoir pressure systems at the Alibekmola deposit.

During the development of oil fields, flooding forms a complex multicomponent system:
pumped water - pumped water - buried water - oil formation rocks with dissolved gas. Apparently,
of all the processes occurring in this complex system, the processes of mixing pumped waters with
groundwater (reservoir and buried) have the greatest influence on the composition of water, as well
as the interaction of pumped waters with reservoir rocks and petroleum hydrocarbons are of
practical importance [6].

Research methods

The main sources of formation of mechanical impurities in the system are the increase in
reservoir pressure of the Alibekmol deposit:

1.corrosion processes.

2. microbiological infection.

3. the presence of oxygen.

4. The presence of divalent iron in water.

The solution to the problem of improving the technology of preparing Cenomanian landscape
waters to maintain reservoir pressure, including the composition of mechanical impurities up to 15
mg/l, lies in the field of eliminating the causes contributing to their formation [2].

Anti-corrosion measures. Examples of hull density violations in cemented zones are
significantly less than in cemented zones, which means that the cement ring protects the metal well
from corrosion damage. Therefore, from the very beginning of well construction, it is recommended
to cement qualitatively, increasing the level of cement mortar to the mouth. The inner surface of
lifting pipes and pipelines of oil wells is protected by anti-corrosion coatings resistant to aggressive
environments with a temperature of 50-80 °C. In some cases, in the absence of internal insulated
pipes, protection is provided by corrosion inhibitors. With the help of mobile installations, the
inhibitor is periodically fed into oil wells (into the pipe space between the housing and the lifting
pipe). For this purpose, a sealing device (cuff) with a small (3-7 mm) hole for the inhibitor outlet is
provided between the body and the pipe (in the shoe). The volume of the inhibitor supplied to the
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well is a reserve for 10-15 days. The required amount of inhibitor for processing the entire surface
of the protected equipment, including the inner surface of the production column, the outer and
inner surface of the lifting pipes, the surface of the rods, the inner surface of the switching line, is
calculated by the formula:

P=¢S [4]

where q is the rate of consumption of the inhibitor per 1 m? of surface, kg/m?; S is the total
surface area of the protected equipment, m?.

Conclusion

- The development of new fields, the construction of various facilities using large volumes of
metal structures lead to new tasks for the anti-corrosion protection of oil and gas equipment.

Up to 90% of construction in the oil and gas industry -mining and processing - is based on
ferrous metal structures. These are internal structures for equipment, residential and auxiliary
infrastructure facilities, pipeline systems — almost the entire industry. Where there is iron, there is
also a problem of corrosion. Given that most of the oil and gas fields are located in the continental
part of the northern economic region, the operating conditions are extraordinary, and issues of anti-
corrosion protection are becoming a priority.

The corrosion monitoring system for oil and gas equipment and pipelines should be a set of
technical, methodological, software tools, as well as organizational measures. It should be a means
of information support in the planning and implementation of measures to prevent the occurrence of
emergency situations used in corrosive environments of pipelines and oilfield equipment.

To achieve the goal, the following main tasks were set:

- analysis of modern methods of protecting field pipes from corrosion processes;

- determination of the mechanisms of corrosion processes occurring in professional pipelines;

- construction of a mathematical model of the influence of physico-chemical parameters on
the aggressiveness of the pumped medium ;

- determination of the effect of a corrosion inhibitor on the corrosion rate of oilfield pipes.
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AnHoTanus. B HedTerasoBoit oTpaciu Koppo3us 000pyIOBaHUS U TPYOOIIPOBOIOB IPEICTABIACT CEPHE3HYIO
yrpo3y 0e30IIacCHOCTH, HaIS)KHOCTH U IOJITOBEYHOCTH HHQPACTPYKTYphl. Pa3paboTaHbl pa3iH4HbIe METOIbI 3aLIUTEI OT
KOPPO3UH, KOTOPBIC SBISIOTCS KITFOUCBBIMHU I 0OecredeHrs CTaOMIbHOW paboThl TEXHUYECKUX CHUCTeM. B maHHOMN
CTaTb€ PACCMATPHBAIOTCS OCHOBHBIC METOIbI TMPEAOTBPAIICHUS KOPPO3HMH, BKJIIOYAs KATOJAHYIO 3allHTYy,
UCTIONB30BaHKUE 3alIUTHBIX MOKPBITHH, HCIOJIb30BaHHE HHTHOUTOPOB KOPPO3MH M PErysipHOC TEXHHUYECKOE
obcyxuBanue. OOCYKIAIOTCS MPEUMYILIECTBA, OTPAHUYCHHUS M ONMTUMAJIbHBIC YCIOBHS IPUMECHEHHUSI KaXJ0r0 METO/Ia,
a TaKKe MpeIararoTcs PEeKOMEHAAIMH MO BbIOOpY Hambonee 3(h(EKTHBHBIX CTPATETHil 3alIUTHI OT KOPPO3HH B
He(Tera3oBoi oTpaciu.

B cratbe paccMaTpuBalOTCS OCHOBHBIC BHJBI KOPPO3HMH, UX NMPUYUHBI M HOCICIACTBHA. 3aTEM BBIICILIIOTCS
pasiMYHbIE CTPATErWH 3alMTHI, BKIIOYas METOIbl KATONHOW M aHOAHOM 3alIMTHI, HCIIOJb30BAHHE 3aIIUTHBIX
TOKPBITHH, HCIIONBb30BAHHE MHTMOWTOPOB KOPPO3WH, a TAKKE TEXHHYECKHE METOJBl MOHHTOPHHIA U CIEXKCHHUS 3a
COCTOSIHHEM 000pYIOBaHUS.

AHaIU3UPYIOTCS NPEUMYILECTBA U OIPaHHYCHHS KaXKIOr0 M3 3THX METOMOB, UX 3((PEKTHBHOCTB, 3aTPAThl Ha
BHCAPCHUC U TEXHUYECCKOC O6Cﬂy)KI/IBaHI/Ie. Taxoke OCO6OC BHUMAHUC YACIACTCA WHHOBALMOHHBIM TEXHOJIOTHUAM U
HOBEHIIIUM pa3pa60TKaM B 001acTu 3alIUTBI OT KOPPO3UH, KOTOPHIC MOT'YT MOTCHIIUAJIBHO MMOBBICUTH JOJTOBCYHOCTDH U
HaJIe)KHOCTh He(hTera30Boro 000pyJ0BaHHSI.

B HCCICA0BaHNN MOAYCPKHUBACTCA BaXHOCTH HMCIIOJIB30BaHUA KOM6I/IHaI_[I/II/I pa3JIMIHbBIX METOAOB 3allUTHI, a
TaK¥XKC HeO6XO[[I/IMOCTI) TMOCTOAHHOI'O COBEPUICHCTBOBAHUA TEXHOJIOTHH JJI1 MUHUMU3allu KOPPO3UOHHBIX MPOLECCOB
B He(hTera3oBOW OTpaCIH.
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Anparna. MyHaii-ra3 canmacelHAa JKaOABIKTap MEH KyOBIpIapAblH KOPPO3USICH HHQPAKYPHUIBIMHBIH
Kayinci3airiae, ceHiMIuTIriHe skoHe OepikTirine eneymi Kayin TeHaipeai. TeXHUKaIbIK KYHeNIepIiH TYPaKThl KYMBICHIH
KaMTaMachl3 €TYyJiH KiITi OONbIM TaObUIATBIH KOPPO3HSIAH KOPFayIbIH OpTYpHi omictepi a3ipienmi. byn makamana
KOPPO3USHBIH aNIJIbIH alyJIbIH HEeTI3Ti oJicTepi, COHBIH imriHme kaToAaTsl Kopranbeic, KopraHbpic kaObIHIapBIH
maiianany, KOppo3us HHTHOUTOPIIAPBIH Mai1anany jKoHe TYPaKThl TEXHUKAIBIK KBI3MET KOPCETY KapacThIPhUIaAbl. Op
ONICTI KOJNJAaHYyIbIH apTHIKIIBUIBIKTAPHI, MEKTeyepl )KoHe OHTAIIbl MIapTTapbl TAJIKbIJIaHA/Abl, COHAAN-aK MyHal-ra3
caJlaChIHJIaFbl KOPPO3UsIaH KOPFay IblH €H THIM/I CTpaTerusuIapblH TaHAay OOHBIHIIA YCHIHBICTAP YCHIHBIIA B

Makanana KOppO3HsHBIH HEri3ri Typiepi, onapaslH cebentepi MeH cangapbl KapacTelpbuianbl. ComaH Keifin
OpPTYpJIl KOpFaHbIC CTpaTEerHsIaphbl, COHBIH IMIIHJEC KaTOITHI SHE aHOJTHI KOpFay oJicTepi, KOPFaHbIC >kaObIHAAPHIH
naijanany, KOppo3usi MHI'MOUTOPJIApbIH MaiiiaiaHy aHe KaObIKThIH KYHiH Oakpuiay MeH OaKbliIayIblH TEXHHKAIBIK
o/icTepi epeKIIeICHE]I.
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BectHuk AKTIOOMHCKOTO pernoHaibHoro ynuBepcureta uM. K. XKybanosa, Ne2 (76), utons, 2024
TexHnueckue HayKH

Ochl omicTepiH OpKAHCHICHIHBIH apTHIKIIBIIBIKTAPE MEH MIEKTeyJNepi, OJapAbIH THIMIUIIT, €HTi3y XoHe
TEXHUKAJIBIK KbI3MET KOpCEeTYy INBIFBIHAApH TannmaHanel. CoHmaii-ak, MyHaii-ra3 >kaOIBIKTapBIHBIH OEpIKTIri MeH
CEHIMIUTIriH apTTRIPYBl MYMKIH KOPpPO3WSAaH KOpFay CallacBIHAAFBl WHHOBAILUIBIK TEXHOJOTHSIAP MEH JKaHa
o3ipyieMeniepre epeKie Hazap ayaapbuiabl.

3epTTey opTYpill KOPFaHbIC 9icTepiHIH KOMOWHALMSCKHIH MaiijalaHy IbIH MaHbI3IbIIBIFBIH, COHIal-aK MyHaii-
ra3 cajachblHIaFrbl KOPPO3MSJIBIK TPOLECTepAl a3alTy YVIIIH TEXHOJOTHSUIApAbl YHEMi JKETULAIpY KaKeTTiNiriH
KepceTe.

Tyiiin ce3nep: dakropnap, Koppo3us, KaOIbIK, arpecCUBTI KOMIIOHEHTTEp, KOPFaHBIC ONICTEpi, KOPFaHbIC
XKaObIHApBl, KYOBIpIIap, xaraaiisl Oakpuiay.
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