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AHHOTauuA. B ctaTtbe paccMoTpeHa MeToauKa Bbibopa MHIMOUTO-
pOB KOppO3un Ansi 00bEKTOB HedhTerazogodblium C y4eTOM XUMU-
Yeckoro coctaBa AobOblBaeMbIX XuakocTel. [peactaBneHa knac-
cndmKaunsa UHIMOUTOPOB, OCOBEHHOCTU MX B3aMMOAEWCTBUS C
arpeccuBHOM cpeaon, a Takke npolecc nabopaTopHOro 1 onbiTHO-
NPOMBbICITIOBOro BHeapeHusd. OnucaH noaxod K onTMMm3aumu Bbl-
Oopa peareHTOB Ha OCHOBE KOPPENSALMOHHOrO aHanuaa yCnoBun
akcnnyatauuun. PesynbTaTbl UCNbITaHW MOATBepXOalT 3ddek-
TMBHOCTb WHIMOUTOPOB U BO3MOXHOCTb COKpaLLleHUsi CPOKOB
BHeOpeHus 6e3 noTepun KadecTBa 3awnTbl 060pyLoBaHMUS.

KnioueBble croBa: TuMbl UHIMGUTOPOB KOPPO3WK; BHeOpPEHUe UH-
rmbuTopa Kopposum Ha ob6bekT; obpasel, cBMAETENsA KOPPO3unMu;
ocTaToyHas CKOPOCTb KOppo3uu; naGopaTopHble WUCMbITaHUA XW-
MUYECKUX BELLEeCTB; OMbIT 3aliUTbl HedTerasoBblX OOLEKTOB;
BHeOpeHNe MHIMBUTopa KOPPO3nM.
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Annotation. The article deals with the meth-
odology of selection of corrosion inhibitors for
oil and gas production facilities taking into
account the chemical composition of pro-
duced fluids. The classification of inhibitors,
peculiarities of their interaction with aggres-
sive medium, as well as the process of labor-
atory and pilot field implementation are pre-
sented. The approach to optimization of rea-
gent selection based on correlation analysis
of operating conditions is described. The test
results confirm the effectiveness of inhibitors
and the possibility of reducing the implemen-
tation time without loss of equipment protec-
tion quality.
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According to the experience of applying anticorrosion measures at industrial facilities and the re-
sults of numerous scientific studies, inhibitor protection, which increases the durability and reliability of
equipment without significant intervention in the specific production process, is one of the most effective and
technologically simple ways to reduce metal losses from corrosion [1, 2].

Substances known as corrosion inhibitors, when added to an aggressive medium, significantly reduce
the rate of corrosion. In many process operations, inhibitors can be used to reduce corrosion rates. However,
a common obstacle to the wider application of this method of corrosion protection is the contamination of

process products with inhibitory components.

Equipment used in heat exchangers, power plants, water supply systems, as well as in oil and gas
transportation and processing, is protected by corrosion inhibitors. Gas inhibitors, acid corrosion inhibitors,
subsurface corrosion inhibitors, aqueous and salt corrosion inhibitors and mechanical corrosion inhibitors are
classified according to the type of retarded corrosion processes that they prevent.
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Types of corrosion inhibitors

Inhibitors are divided into organic and inorganic depending on their composition. They are further sub-
divided into groups containing nitrogen, oxygen, sulfur, phosphorus, and other elements [3].

Inhibitors are classified as having blocking activity, energetic action, or mixed action depending on the
type of effect they produce.

Anodic inhibitors are classified according to their effect on the corrosion process. Anodic reactions in
the corrosion process are inhibited by anodic inhibitors. This group includes envelope inhibitors and oxidizing
passivator. Chromatones and nitrites are the most widely used passivatores. Sodium hydroxide, sodium car-
bonate and phosphates are anodic inhibitors that form thin films on the metal surface and prevent the metal
from passing into solution.

Cathodic inhibitors affect the rate of cathodic reactions in the corrosion process. They include active
reducing agents that bind oxygen and reduce its content in the solution, for example, sodium sulfite, hydra-
zine, protecting substances that reduce the cathode surface due to the formation of films of hard-to-solve
compounds. Substances hindering the cathodic reaction of metal corrosion — cations of heavy metals, for
example, bismuth and arsenic.

Inhibitors of mixed action slow down both anodic and cathodic reactions of the corrosion process. This
group of inhibitors includes polyphosphates, silicates, etc. The effectiveness of inhibitors in conditions of
general uniform corrosion is characterized by the degree of protection and is expressed in percent.

The action of the inhibitor can be characterized by the inhibition coefficient, which shows how many
times the corrosion rate decreases as a result of the inhibitor action.

Despite a number of differences in the explanation of the mechanism of action of metal corrosion in-
hibitors, especially of organic origin, the basis determined in all cases is, first of all, their adsorption at the
interface «metal — medium».

Introduction of corrosion inhibitor to the facility

Protection of pipelines of oil gathering system starts with monitoring of background corrosion rate on
the installations of control of corrosion of well pad pipelines by installing a sample of corrosion witness and
exposure to a certain exposure, after which at increased rate of corrosion of metal and reducing the weight
of the sample of corrosion «witness» [4, 5].

After that, the oil producing company applies to the laboratory to test a sample of metal exposed to an
aggressive environment, after which laboratory conditions are created based on the six-component composi-
tion of water extracted as part of hydrocarbon raw materials and the technological process of pumping oil to
test the background corrosion rate in accordance with the technological parameters of the plant or the object
under study, subsequently a request is sent to authorized organizations that manufacture chemical reagents,
to develop a formulation of a corrosion inhibitor based on the test results obtained, the six-component com-
position of water extracted from hydrocarbon raw materials and the technological process of pumping oil, in
order to depersonalize chemical reagents and subsequently test reagents through an objective assessment
and selection of inhibitors that have proven effective in laboratory conditions in in accordance with the organ-
ization's standards on the effectiveness of corrosion inhibitors and the manufacturability of chemical reagents
[6].

Laboratory testing of the reagent

The process of laboratory testing implies determination of the minimum effective dosage of a chemical
reagent in laboratory conditions with subsequent recommendation during pilot tests. Also, during pilot field
tests, it is not excluded the fact — reduction of chemical reagent dosage in order to increase the economic
efficiency of this reagent application.

Tender purchases

At the next stage, reagents are purchased in the form of tenders from selected reagents in order to in-
crease the economic efficiency of the shield and reduce liabilities associated with the introduction of new
reagents and increase the economic effect of the sale of already used reagents by reducing the purchase
price, since the operating costs of oil production directly depend on the cost of-we have purchased a chemi-
cal reagent.

After the control purchase, the inhibitors go through the implementation stage at the field through pilot
field tests, the work on inhibitory protection should be carried out by the service company and an expert from
the organization that produced the corrosion inhibitor to approve the compliance of the inhibition process.
After the implementation procedure, meetings are held to approve the corrosion inhibitor and a conclusion on
its effectiveness in pilot field tests, after which, the scientific and technical Council, the inhibitor is recom-
mended for industrial use or for use as an alternative inhibitor in subsequent purchases in case of greater
economic effect [7].

Simplification of corrosion inhibitor introduction on the example of Achimov deposits

Urengoy oil and gas condensate field

The method of simplified introduction of corrosion inhibitor consists in analytical selection of chemical
reagent by correlation analysis of operated objects and pipeline sections with similar technological parame-
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ters. So, on the example of Urengoy oil-gas-condensate field with exploited layers of Achimov deposits the
following condition is distinguished: the model of formation water of different Achimov horizons N; and N,
has the difference of mineralization in 8059,4 mg/dm3, but at the same time technological parameters of ex-
ploitation of these objects have insignificant differences. Salt content and mineralization of formation water
are given in table 1.

Table 1

Six-component composition of formation water model of two different horizons
of Achimov deposits [compiled by the authors]

Content, mg/dm3
Name of salts N, N
NaQSO4 154,3 34,5
NaHCO; 11424 41,7
CaCl, [2H,O 603,9 30,2
MgCl, 1444 10,1
NaCl 6791,6 733,5
KCl1 679,2 91,0
Total mineralization 9367,9 1308,5

Thus, as part of the introduction of a new chemical reagent, it is possible to «exclude» laboratory test-
ing under the conditions of the N, reservoir water model in the case of proven effectiveness of the reagent in
a more aggressive environment, the N, reservoir water model, with similar technological parameters, which
in turn reduces the time from the request to the introduction of the reagent by the time required to conduct
tests for the N, facility has an economic effect equal to the cost of conducting tests for the corrosion inhibitor,
as well as the company's scientific and technical center, Based on the correlation of the data obtained from
all fields, it is possible to recommend for industrial use or pilot field testing, neglecting laboratory studies of
corrosion inhibitors not previously used at this facility, which will increase the range of alternative chemical
reagents and the competitiveness of manufacturers [8].

To confirm this hypothesis, we will analyze the results obtained from a series of laboratory tests of cor-
rosion inhibitors Ne 1 and Ne 2 in the reservoir water model Ny and N,. Both tests were carried out using the
gravimetric method by determining the residual corrosion rate during constant purging of inert CO, gas,
which is an oxidizer, and the main difference between these tests is test medium, therefore, test Ne 1 was
carried out in a solution of a reservoir water model, at the same time, for test Ne 2, a two-phase medium con-
taining a model of reservoir water and a hydrocarbon phase was used. The results of the tests are recorded
in table 2.

Table 2

Residual corrosion rate and protective effect of inhibition according
to the results of laboratory tests Ne 1 and Ne 2 [compiled by the authors]

Name Reservoir Names Residual Protective effect
of the test water model of the inhibitor corrosion rate, of inhibition, %
mm/year
Test Ne 1 Ach inhibitor Ne 1 0,064 95,5
inhibitor Ne 2 0,059 95,9
Achz inhibitor Ne 1 0,048 93,1
inhibitor Ne 2 0,040 94,2
Test Ne 2 Ach inhibitor Ne 1 0,066 95,4
inhibitor Ne 2 0,064 95,5
Achz inhibitor Ne 1 0,053 92,3
inhibitor Ne 2 0,050 92,8

Conclusions

The results of laboratory tests showed that the selected inhibitors have proven effectiveness, exerting
a protective effect of more than 90 % at a stable corrosion rate of no more than 0,1 mm/year, as well as indi-
cating greater effectiveness in a less aggressive environment, which confirms the hypothesis that the tests
performed in a more aggressive environment with similar the technological parameters of operation serve as
the basic basis for the introduction and application of chemical reagents at both facilities and allows, with a
competent correlation analysis of the facilities, to introduce chemical reagents or recommend them for pilot
field tests, neglecting laboratory tests.

152



BYNATOBCKME YTEHUA CBOPHUK CTATEMN — 2025

Cnucok nutepaTtypbl:

1. [MoBaposa J1.B. AHann3 coBpeMEHHbIX METOAOB 3aLLMTbl HEOTENPOMbICITOBOro 000pyaoBaHMs OT
kopposuu / J1.B. MNoeaposa, B.C. MyHTsH, A.C. Ckunba // YUtennsa A.W. bynatoBa. — 2020. — T. 4. — C. 125—
129.

2. CaBeHok O.B. AHanun3 KOppO3MOHHO-MEXAHUYECKMX MOBPEXOAEHUA KOHCTPYKLUMOHHBIX Matepua-
noB HedTerasogoObiBatoLero obopyaosanus / O.B. CaeeHok, A.H. MopnuHyeHko, IN.11. MopeiBkuH // Hayka.
TexHuka. TexHonorms (MoNUTEXHNYECKUi BECTHMK). — 2022. — Ne 3. — P. 133-147.

3. CoBpemeHHble MHIMouTOpbl Koppo3un / N.A. LUunury3soe [n gp.] // BecTtHuk MNepmckoro Hauwmo-
HarnbHOro NCCneoBaTeNbCKOro MOMUTEXHNYECKOTO YHUBEPCUTETA. XMMUYECKas TeXHoNormsa u bnotexHono-
msa. —2016. —Ne 1. — P. 114-129.

4. Xopowesckas E.C. IHrMbutopbl koppo3unu gns 3awmTel Tpybonposoaos / MaTtepuansl u meTogbl
WHHOBALMOHHbIX Hay4YHO-MPaKTUYECKMX UCCredoBaHM u pa3paboTok. COopHMK ctaten MexayHapogHon
Hay4HO-npakTnyeckomn KoHdepeHuun (17 mapta 2021 r., r. MNMeH3a). — Ypa : OO0 «Omera CarieHc», 2021. —
P. 47-50.

5. MambeToB P.®. OueHka ahpeKTUBHOCTM MHIMOUTOPOB KOPPO3MM ANl 3aLUUTbl MPOMbICIIOBbIX
TpyOONpOBOAOB CEPOBOAOPOACOAEPXKALEro MectopoxaeHuss / P.®. Mawmbetos, B.M. KywHapeHko //
HedTenpombicnoBas xumusa: Matepuansl VI MexagyHapogHOW Hay4YHO-MPaKTUYECKON KOHGIEepPEeHLMUK
(XIV Bcepoccuickon Hay4HO-npaktuieckon koHdepeHumn) (27 mioHa 2019 r., Mocksa). — M. : Poccuickui
rocy0apCTBEHHBIN YHUBEPCUTET HedTM M rasa (HaunoHamnbHbIA UCCIe40BaTENbCKUA YHUBEPCUTET) MMEHU
.M. T'y6kumHa, 2019. — P. 49-51.

6. AHanua pesynbTaToB KOPPO3MOHHONO MOHUTOPUHIa YPEHrOMCKOro HedTera3okoHaeHCaTHOro mMe-
ctopoxaeHus / A.H. TopnvHyeHko [n gp.]; Moa pea. P.B. AruHes // CEBEPITEOQKOTEX — 2023: Matepua-
nbl XXIV MexgyHapogHoOn MonodexHon HayvHol koHdepeHumm (830-31 mapta 2023 r., r. ¥YxTa). — ¥YxTa :
YXTUHCKWIA TOCYL,apCTBEHHBIN TEXHUYECKUI yHUBepcuTeT, 2023. — P. 349-356.

7. TepeHTbeBa A.®. VccnenoBaHue adbdeKkTMBHOCTU MHIMBUTOPOB Koppo3umn / A.®. TepeHTbeBa,
P.T. bypraHos // Annes Hayku. —2019. — T. 1. — Ne 12(39). — P. 342-347.

8. CochuH E.A. MeTtoguyeckne nooxogbl K NabopaTopHbIM MCNbITAHUSIM WHIMOUTOPOB KOpPPO3un
npv 1Ux BbIbOpe ANs NpoMbILWEHHOro ucnonb3oBanus / E.A. CocHuH, T.A. Ciop // Hedptegobeiva. — 2016. —
Ne 8. — P. 58-60.

List of references:

1. Povarova L.V. Analysis of modern methods for protecting oilfield equipment from corrosion /
L.V. Povarova, V.S. Muntian, A.S. Skiba // Readings of A.l. Bulatov. — 2020. — Vol. 4. — P. 125—-129.

2. Savenok O.V. Analysis of corrosion-mechanical fault of structural materials of oil and gas produc-
tion equipment / O.V. Savenok, A.N. Gorpinchenko, P.P. Poryvkin // Science. Engineering. Technology
(polytechnical bulletin). —2022. — Ne 3. — P. 133—-147.

3.  Modern corrosion inhibitors / |.A. Shipiguzov [et al.] // Bulletin of Perm National Research Poly-
technic University. Chemical technology and biotechnology. —2016. —Ne 1. — P. 114-129.

4. Khoroshevskaya E.S. Corrosion inhibitors for pipeline protection // Materials and methods of in-
novative scientific and practical research and development. Collection of articles from the International scien-
tific and practical conference (March 17, 2021, Penza). — Ufa : LLC «Omega Sciences», 2021. — P. 47-50.

5. Mambetov R.F. Evaluation of the effectiveness of corrosion inhibitors for the protection of field
pipelines of a hydrogen sulfide-containing field / R.F. Mambetov, V.M. Kushnarenko // Qilfield chemistry:
Proceedings of the VI International scientific and practical conference (XIV All-Russian scientific and practi-
cal conference) (June 27, 2019, Moscow). — M. : Gubkin Russian state university of oil and gas (national re-
search university), 2019. — P. 49-51.

6. Analysis of the results of corrosion monitoring of the Urengoy oil and gas condensate field /
A.N. Gorpinchenko [et al.]; Edited by R.V. Aginey // SEVERGEOECOTECH — 2023: Proceedings of the XXIV
International youth scientific conference (March 30-31, 2023, Ukhta). — Ukhta : Ukhta state technical univer-
sity, 2023. — P. 349-356.

7. Terentyeva A.F. Study of the effectiveness of corrosion inhibitors / A.F. Terentyeva, R.T. Bur-
ganov // Alley of Science. —2019. — Vol. 1. — Ne 12(39). — P. 342—-347.

8. Sosnin E.A. Methodical approaches for laboratory tests of corrosion inhibitors in their choice for
industrial use / E.A. Sosnin, T.A. Syur // Oil production. —2016. — Ne 8. — P. 58-60.

153



