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Abstract. Metal corrosion is one of the most serious technical and economic
problems in the oil and gas industry, as it leads to equipment destruction, hydrocarbon
leaks, environmental pollution, emergencies, and significant material losses. This
issue is especially relevant in the CIS countries — particularly Kazakhstan, Russia, and
Uzbekistan — during field development and refinery operations. In these regions, many
factors accelerate the corrosion process: complex natural and climatic conditions (sharp
temperature changes, high humidity, salts and sand in soil and groundwater), and the
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presence of chemically aggressive components common in production environments,
such as H,S, CO,, O,. One of the most effective and universal methods to protect
metal structures is the use of inhibitors — substances that significantly slow down
electrochemical metal degradation. Organic inhibitors, due to their ability to adsorb on
the metal surface and form protective films, have proven high efficiency in aggressive
environments and are widely used in the oil and gas sector. Their main advantages
include low dosage requirements, adaptability to various operating conditions, and
better environmental safety compared to inorganic alternatives. Currently, the industry
is increasingly shifting to eco-friendly, biodegradable “green” inhibitors, aligning with
the principles of sustainable development. This review discusses the main types of
organic inhibitors used in the CIS oil and gas sector and analyzes their mechanisms,
application areas, and performance in real conditions.

Key words: corrosion in the oil and gas industry, organic inhibitors, nitrogen-
containing inhibitors, phosphorus-containing inhibitors, green inhibitors
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KaOIBIKTHIH OY3bLTYBIHA, KOMIPCYTEKTEPIiH aFybIHa, KOpIIaraH OpTaHbIH JIACTAHYBIHA,
TOTCHINIE >KaFmaiiapra J>KOHE aWTapibIKTali MaTepHaNIBIK IIBIFBIHIApFA OKEIEI.
byn mpobmema Toyencis Mewmnekerrep Jlocrtacterbr (TMJ]) emmepinme, acipece
Kazakcranna, Peceiine sxoHe O30ekcTaHaa KeH OPBIHAAPBIH UTepy JKOHE MyHai-ra3
WH(PAKYPBUIBIMBIHBIH OOBEKTUIEPIH MalaaHy Ke3iHae ©3eKTi OONbIT TaObLIafbI.
by aiimakTapma KOpposusl MPOIECiH Te3IeTeTiH KenTereH ¢akropiap O0ap: TaOWFH-
KIIMMATTHIK JKaFIaiiapiblH KYPIASNIri (TemreparypaHblH KYpPT ©3repyi, KOFapbl
BUTFAIIZIBUIBIK, TOTIBIPAK TIEH JKep acThl CyJapbhlHAA TY3dap MEH KyMzap), COHbIMEH
Karap OHIIPICTIK opTaja >KHi Ke3IeCEeTiH XUMUSIBIK arpecCHUBTI KOMIIOHEHTTEPHIH
6omyst — H,S, CO, xane O,. MeTaun KOHCTpYKIHUsIAPbIH KOPPO3HAIaH KOPFay/IbIH €H
THIMZI XKoHE oMOe0dart oicTepiHia 6ipi HATHOUTOPIAPIbI TIaiimanany OO TaObLIA B!
— MeTanabl OY3yIbIH SIIEKTPOXUMHUSUIBIK TPOIECTepiH aWTapibIKTail OasynaraThlH
Oencenni 3arrap. OpraHUKaJbIK HWHTHOWTOpIAp MeTal OeTiHAe aacopOIusiany
JKOHE KOPFAHBINI KaOBIKIIaiap Ty3y KaOineriHe OaillaHBICTBI arpeccuBTi opTaja
JKOFapsl THIMIUTITIH KOPCETTI KoHE MyHaH-Ta3 CEKTOPBIHIA KEHIHEH KOJIaHBLIAIbI.
OpraHuKaibIK KOCBUTBICTAP/IBIH AP THIKIIBUIBIFBI — OJapABIH a3 MOJIIIep/ie KOIAaHbUTYHI,
opTYpMi eHAipic ’karmaiiapeiHa OeiliMzienyi jkoHe OefopraHMKaNBIK aHaJOTTapMeH
CANBICTBIPFaH/Ia OJKOJIOTHSIIBIK —Kayirncizmiri MmeH Tuimaimiri. Kasipri  yakeiTTa
MyHai-Ta3 eHEPKOCIOiHAC SKOJOTHSIBIK Ta3a, OMOJOTHSIIBIK BIABIPANTBIH <GKACHLDY
WHTHOUTOpIIapFa KeIly YpAici KeHiHeH Oalkamyna. byl TypakTsl JaMy KaruaarTapblHa
JKayarl OepeTiH 3aMaHayW ImenrmMaepaiH Oipi Ooibinm caHamansl. bynm momyma TM/]
MyHai-Ta3 eHepKociOiHIe KOJIAHBUIATBIH OpPTaHWKAJIBIK WHTHOWUTOPIAPABIH HETi3ri
TOTITAapbl KAPaCTHIPBUIBII, OJAPMABIH ocep €Ty MEXaHH3Mi, KOJIaHy aiiMaKTaphl jKoHE
HAaKTBI ’KYMBIC JKaFJalbIHIa THIMILUTITT )KaH-)KaKThI TaJTaHa bl

Tyiiin ce3aep: MyHaii-ra3 eHEpPKICIOIHIETI KOPPO3HS, OpraHUKAIBIK HHTHOUTOpIIAp,
a30T KypaMmIbl HHTHOUTOpAap, hocdop Kypamasl HHTHOUTOPIIAp, )KACKUT HHTHOUTOPIIAp
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Annoramusi. Kopposusi MeTaJUIOB SBJSIETCS OJHOH W3 Hamboliee Cephe3HBIX
TEXHUUECKUX M OKOHOMHYECKHX TpoOieM B HedTerazoBod NPOMBIIIICHHOCTH,
MOCKOJIbKY OHA MPHBOAUT K paspylIeHUI0 000PYIOBaHHS, YTEUKaM YIIEBOIOPOIHOTO
CBIPbSl, 3arPSA3HEHUIO OKPYXKAIOILIEH Cpe/ibl, aBAPUIUHBIM CUTYallUsIM U 3HAUUTEJIbHBIM
MarepuanbHbIM TIoTepsiM. OcoOyr0 akTyalbHOCTh JaHHas npoliema mpuoOperaeT B
ctpanax CHI" — ocobenno B Kasaxcrane, Poccun u Y30ekucrane — npu paspaboTke
MECTOPOXK/ICHUI W JKCIUTyaTallui 0ObeKTOB HedTerazoBod wHHQpacTpykTypsl. B
9THX PETHOHAX CYIIECTBYET MHOXECTBO (DAaKTOPOB, YCKOPSIOIINX MPOLIECC KOPPOIUH:
CIIO)KHOCTh TIPUPOTHO-KIUMATUYECKUX YCIOBUHM (pe3kue mepenaasl TemIeparyp,
BbICOKas BJIAXKHOCTB, COJIM U IIECOK B IIOYBC U I'PYHTOBBIX BOI[aX), a TaKKE€ HaJIM4ue
XUMHUYCCKHN arp€CCUBHBIX KOMIIOHCHTOB, YaCTO BCTPCUAIOIIUXCA B HpOH3BO}:[CTBeHHOI7]
cpene —H,S, CO,, O,. Onnum n3 Hanbosee 53PGEKTUBHBIX U yHHBEPCALHBIX CIOCOO0B
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3alIUThl METAJUIMYECKUX KOHCTPYKIHMH OT KOPPO3UHM SABJSIETCS HCIIOJIb30BAaHHE
WHTUOUTOPOB — BEIIECTB, CMOCOOHBIX 3HAYMTENILHO 3aMEUISATh JJIEKTPOXUMHUYECCKHE
mporecchl paspymenus Metamuia. OpraHudeckne WHTHOMTOpBI, Onarojapsi cBoOei
CIOCOOHOCTH K aJCcOpOLMH Ha MOBEPXHOCTHM METala M OOpa30BaHMIO 3AIIUTHBIX
IUIEHOK, JIOKa3aJid BBICOKYIO 3(P(EKTUBHOCTh B arpecCMBHBIX Cpelax U MOIY4HIIH
LIMPOKOE paclpocTpaHeHue B HeTrera3oBoM cekrope. [IpenmyiiecTBa opraHuuecKux
COCAMHEHHH 3aKIII0YAlOTCS B UCIIOJIB30BAHUM B MAJIbIX KOJMYECTBAX, aJallTHBHOCTD K
Pa3NIUYHBIM TPOU3BOACTBEHHBIM YCIIOBHSM, a TAKKE MX IKOJOrHUYECcKast 0€30MacHOCTb
[0 CPaBHEHUIO C HEOPraHUYECKUMH aHajoramu. B Hacrosiiee BpeMsi B HeTerazoBoi
OTpaciy HabIogaeTCsl TEHISHIIHS IIepex0/1a Ha HKOJIOTHUECKHU YU CThIE, OMopasiaracMble
«3€NeHbIe» WHTHOMTOPHL. DJTO CUYMTACTCS OJHUM W3 COBPEMEHHBIX DEIICHUH,
OTBEUAIOIIMX IPUHIUIIAM YCTOWYNBOTO Pa3BUTHS. B manHOM 0030pe paccMaTpuBaroTCs
OCHOBHBIE TPYIIBl OPraHUYECKUX WHTUOWTOPOB, NMPHMEHSEMBIX B He(TerazoBoi
orpaciu CHI, a Takke aHAM3UPYIOTCSl MX MEXaHU3M ACUCTBHS, 00JacTH IPUMEHEHNUS
1 3()(HEeKTUBHOCTH B PEabHBIX YCIOBHAX DKCILTyaTallUH.

KioueBble cjoBa: koppo3uss B He(]TerazoBod OTpacid, OpPraHHYECKHUE
WHTUOMUTOPBI, a30TCOAEpIKallie HMHIHOUTOPHI, (ochopcoaepkalme HWHTHOUTOPEI,
3eJICHbIe HUHTHOUTOPEI

Introduction. Steel is the main structural material used in oilfield equipment, but it is
prone to various forms of corrosion, including pitting, crevice, and hydrogen corrosion.
High water content in many CIS oil and gas fields intensifies corrosion of drill strings,
heat exchangers, pumps, tanks, and pipelines operating under harsh chemical and thermal
conditions. The composition of oil, formation water, and associated gas often includes
corrosive compounds such as hydrogen sulfide, mercaptans, thiophenes, carbon dioxide,
oxygen, organic acids, and other oxygen- and sulfur-containing substances (Groysman,
2014). Dissolved salts like chlorides and sulfates also accelerate corrosion and promote
the formation of salt deposits on internal surfaces of equipment. Corrosion and scaling
reduce equipment life and pose serious operational and environmental risks, including
leaks and soil or groundwater contamination. They also complicate well operation and
increase production costs.

To enhance reliability and extend the service life of equipment in aggressive
environments, corrosion and scale inhibitors are widely used. In recent years, increasing
attention has been paid to highly effective and often eco-friendly organic inhibitors,
making them promising for oilfield applications in the CIS countries. The most
common are nitrogen-, oxygen-, and sulfur-containing organic compounds with polar
functional groups or aromatic rings (e.g., quaternary ammonium salts, imidazole’s, fatty
acid amides) (Verma, et al., 2016). These compounds form protective films on metal
surfaces, preventing electrochemical corrosion and scale formation. This review aims to
classify organic corrosion inhibitors, describe their mechanisms of action, and analyze
their effectiveness in CIS oilfield operations. It also explores development prospects,
considering environmental safety, cost-effectiveness, and technological compatibility.

Materials and methods. Organic corrosion and scale inhibitors. Organic
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corrosion inhibitors are typically salts of organic bases and inorganic or organic acids,
allowing them to inhibit both anodic and cathodic corrosion processes. These inhibitors
are considered universal due to their dual-action capability. Their efficiency depends on
the presence of hydrophobic and polar fragments, as well as functional groups such as
amines, aldehydes, thiourea, phenols, heterocycles, and aromatic carboxylic acid salts.
These groups enhance adsorption on metal surfaces, forming protective layers that slow
corrosion. The action mechanism of organic inhibitors is based on adsorption onto the
metal surface, forming a barrier against aggressive agents. Figure 1 illustrates possible
adsorption mechanisms of organic inhibitors on steel.
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Figure 1 — Adsorption mechanism of organic corrosion inhibitors on the steel surface

Inhibitor molecules orient themselves so that their polar functional groups (e.g.
amines, hydroxyls, benzoic rings, carboxylic and sulfonic acids) interact with the
metal surface via physical adsorption (van der Waals forces, electrostatic attraction)
and chemisorption through coordination bonds between m- or n-electrons and the
metal’s d-orbitals (figure 1). The hydrophobic parts of the molecules face the solution,
forming a barrier against aggressive agents (Lessa, 2023). Aromatic rings further
enhance adsorption via -electron interactions. The adsorption layers formed by organic
inhibitors are more stable than those of inorganic ones, which are more fragile and prone
to mechanical damage and localized corrosion such as pitting and crevice corrosion.

Classification of organic corrosion inhibitors

Organic corrosion inhibitors are classified depending on the presence of active
functional groups that determine their effectiveness and scope of application. Figure 2
shows the main types of functional groups in organic corrosion inhibitors used in the oil
field and oil refining industries (Alhaida, et al., 2024).
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_| Amines and their | |Ethanolamines, Imidazolines,
derivatives Polyethylenepolyamines
Nitrogen-containing | |
groups Azoles Benzotriazole, Tolyltriazole

Amides Fatty acid amides

Benzoic acid.

Thioureas

| Carboxylic acids — Salicylic acid,
Acetic acid
T Phiencls and their
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Phosphates
| | Phosphorus-containing | | Phosphonates
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Phosphonic acids Iihosphomf actc.l.
L d their Triphosphoric acid,
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aminomethylphosphonates
—Sulfur-containing groups Sulfides

Figure 2 — Functional groups of organic corrosion inhibitors used in the oil and gas industry

The most effective organic corrosion inhibitors are compounds with electron-
donating functional groups (e.g. -OCH,, -OH, —-NH,) and flat molecular geometry,
which promotes adsorption on steel surfaces. In contrast, inhibitors with electron-
accepting groups (e.g. -NO,, —-CN, -COOR) show lower efficiency due to reduced
electron density and hindered adsorption from bulky structures (Goyal, et al., 2018).
The choice of inhibitor depends on operating conditions and the nature of the corrosive
environment. A distinct group consists of “green” inhibitors — eco-friendly compounds
derived from natural sources such as plant extracts. They often contain terpenoids,
polyphenols, and organic acids (e.g. tannin, caffeine, succinic and ascorbic acids) and
show good performance in aggressive media (Galleguillos Madrid, et al., 2024).

Nitrogen-containing organic corrosion inhibitors

Among the variety of functional groups of organic inhibitors, nitrogen-containing
compounds, especially amines, imidazolines, triazoles and other heterocyclic
derivatives, demonstrate the greatest efficiency in the oil and gas industry. The high
inhibitory activity of nitrogen-containing inhibitors is due to the ability of nitrogen atoms
to donor-acceptor interaction with a metal surface, which contributes to the formation of
a protective adsorption film. The type of corrosive environment and process operating
conditions determines the specific choice of compound.
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1. Amines and their derivatives

Fatty amines and their ethoxylated derivatives are among the most widely used
inhibitors. They are effective against corrosion caused by the presence of CO, and H.S,
both at the production stage and during transportation of oil and gas.

Quaternary ammonium salts are also common, which demonstrate high efficiency in
the presence of H,S due to their ability to adsorb on the metal surface and inhibit anodic
and cathodic reactions (Hassan, et al., 2022).

2. Pyridine and its derivatives

Pyridine and its derivatives are also widely used in the oil and gas industry as
inhibitors of corrosion caused by the action of acid gases typical of oil refining. Pyridine
contains a heteroaromatic ring with a nitrogen atom, with an unshared electron pair,
which ensures high adsorption activity of pyridine and its derivatives (Hegazy, et al.,
2023).

3. Imidazolines and their derivatives

Imidazole’s are used to protect against CO, corrosion in the oil and gas industry of
the CIS countries - especially in Russia, Kazakhstan and Uzbekistan. These compounds
form strong, hydrophobic protective films on the surface of steel, providing resistance
to aggressive environments. The ability to modify the structure of imidazoline allows
its properties to be adapted to specific operational requirements (Abbasov, et al., 2014).

3. Triazoles, benzotriazoles and their derivatives

Triazoles are a promising class of inhibitors that demonstrate high efficiency in
acidic environments and at elevated temperatures, which is especially important in the
acid treatment of oil wells. Due to their resistance to extreme conditions and the ability
to form stable complexes with a metal surface, triazoles are finding increasing use in the
oil and gas industry (Ibrahimi & Guo, 2020).

4. Other heterocyclic compounds

Benzimidazole derivatives are among the effective nitrogen-containing inhibitors,
demonstrating strong anticorrosive performance in acidic media. They are currently
under active investigation as promising corrosion inhibitors for applications in the oil
and gas industry (Keshavarz et al., 2016).

Oxygen-containing organic corrosion inhibitors

Oxygen-containing organic corrosion inhibitors include functional groups with
oxygen and are known for high adsorption capacity and the ability to form stable
protective films on metal surfaces. They are often used in combination with nitrogen- or
phosphorus-containing groups as part of complex formulations. Common types include
phenols, polyphenols, alcohols, esters, organic acids, and flavonoids. These compounds
are biodegradable and environmentally safe, making them suitable for use in the oil and
gas industry. They also serve as bases, solvents, or auxiliary components in inhibitor
solutions.

1. Phenols and Polyphenols

Phenolic and polyphenolic compounds - such as catechin, gallic acid, tannins, and
rosemary oil, often derived from plant extracts — are currently being actively explored as
potential “green” corrosion inhibitors. Sulfonated alkyl phenols have demonstrated high
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efficacy against corrosion caused by naphthenic acids, a serious problem in refineries
processing certain types of crude oil. Thus, phenolic compounds are considered as a
promising direction in the development of environmentally friendly and sustainable
corrosion inhibitors for the oil and gas industry (Ansari et al., 2020).

2. Alcohols, polyols, ethers

Alcohols, polyols, and ethers are commonly used as auxiliary substances in corrosion
inhibitor formulations to adjust physicochemical properties for specific applications.
Methanol, isopropanol, glycerol, ethylene glycol, and sorbitol are frequently employed
as solvents to enhance inhibitor solubility and stability. Additionally, ethoxylated
alcohols form the basis of some phosphate ester-based inhibitors used in oil and gas
production, transportation, and processing.

3. Carboxylic acids and their salts

Carboxylic acids in crude oil can cause severe corrosion of metal equipment. Their
modified derivatives can act as effective corrosion inhibitors by adsorbing onto metal
surfaces and forming hydrophobic protective films. In Azerbaijan, these compounds are
actively studied to enhance corrosion resistance in the oil and petrochemical sectors.
Research focuses on their composition, solubility, stability in acidic and saline media,
and the influence of temperature and pressure (Alimadatli, 2025). Fatty acid salts, due
to their biodegradability and low toxicity, are considered promising components of
"green" inhibitors.

Phosphorus-containing organic corrosion inhibitors

Phosphorus-containing organic corrosion inhibitors are highly effective under
elevated temperature, pressure, and mineralization due to their multifunctionality and
thermal stability. They are commonly used in cooling water systems and in combination
with other inhibitors (L. Liu et al., 2018). These compounds — such as phosphate esters,
phosphonates, and organophosphorus derivatives —are also effective in protecting drilling
equipment in aerated environments, providing defense against both electrochemical and
microbial corrosion.

1. Phosphate Esters

Phosphate esters are widely used at various stages of oil and gas operations — from
drilling to formation water treatment, demonstrating inhibitory activity in oxygen-
containing systems such as drilling muds and brines. Phosphate esters can be used both
independently and in combination with other inhibitors, for example, with fatty amines
or quaternary ammonium salts, enhancing the properties of the complex composition of
the inhibitor. An example is the phosphate-based inhibitor CONQOR 404 EH, which is
used in drilling systems with high oxygen and salt ion content (FOcymnoga et al., 2023).

2. Phosphonates

Phosphonates are multifunctional compounds that effectively prevent both corrosion
and scale formation, and are actively used in circulation and water circulation systems
of oil refineries and production wells (Kafarski, 2019).

In the conditions of the CIS countries, new generation phosphonates, for example,
Sintanol phosphonates, developed by Russian manufacturers, are becoming especially
relevant. These inhibitors are highly resistant to calcium, thermally stable and effective
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at high pH and mineralization values. They are used to protect pipelines, heat exchangers
and other equipment operated at temperatures above 100°C and in solutions saturated
with salts (ILlymatOaes et al., 2019).

Phosphorus-containing polymeric corrosion inhibitors are increasingly used in oil
production due to their combined properties: polymers provide strong adsorption and
film formation, while phosphonate groups ensure chemisorption, resistance to Ca*"
ions, and effectiveness across a wide pH range. Their high thermal stability makes them
suitable for high-temperature refining processes. Unlike low-molecular analogs, they
resist deposit formation in the presence of calcium ions.

3. Other organophosphorus compounds

New phosphorus-containing inhibitors, such as melamine phosphate and
hexamethylenediamine phosphate, are being actively studied for their ability to interact
with metal ions and form protective films. The combination of phosphorus- and nitrogen-
containing groups enhances protection: phosphorus promotes metal passivation, while
nitrogen stabilizes the protective layer and prevents its degradation.

Sulfur-containing organic corrosion inhibitors

Sulfur-containing organic corrosion inhibitors are widely used in the CIS oil and gas
industry due to their high efficiency during production, transportation, and processing.
Sulfur atoms (in thiol, thioamide, thiocarbamide, or disulfide groups) enhance adsorption
on metal surfaces, forming dense protective films that block aggressive agents. In Russia
and Kazakhstan, such inhibitors are commonly applied in in-field pipeline systems, oil
gathering networks, acid well treatments, and secondary recovery processes like water
injection.

1. Thiourea and its derivatives

Thioureas and their derivatives are among the most widely used sulfur-containing
compounds in the CIS oil and gas industry. Thioureide-imidazolinium quaternary
ammonium salts show high inhibitory activity in aqueous and water-oil systems,
especially under high H,S concentrations. Their effectiveness is due to the formation
of strong Fe—S bonds and a dense protective adsorption layer (Sun et al., 2024). The
presence of both sulfur and nitrogen atoms enhances donor—acceptor interactions,
providing combined physical and chemical protection by inhibiting both anodic and
cathodic processes.

2. Sulfonates and sulfides

Sulfonates (including petroleum-based) are important components of inhibitors and
additives used in oil processing and transport. They act both as corrosion inhibitors
and emulsifiers. Widely applied in metalworking fluids at refineries, sulfonates ensure
corrosion protection and emulsion stability. In pipelines, their ability to form stable
protective films under varying temperatures and pressures makes them particularly
effective (Arellanes-Lozada et al., 2023).

3. Mercaptan-based inhibitors

Mercaptans (thiols) in their original form can enhance environmental corrosivity due
to the formation of volatile sulfur compounds, especially in fuels. However, modified
derivatives like mercaptopyrimidines demonstrate promising inhibitory properties.
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Russian studies highlight that proper substitution in the heterocyclic core significantly
reduces aggressiveness and enhances corrosion inhibition (Mamenos, 2024). To improve
stability and efficiency under dynamic and high-temperature conditions, complex
formulations based on organosulfur compounds and surfactants are being actively
developed.

Results and discussion. In oil-producing regions of Russia, Kazakhstan, and
Uzbekistan, multifunctional industrial inhibitors are widely used. These formulations
combine anti-corrosion and anti-scale components, providing effective protection
of metal equipment in environments with H,S, CO,, high salinity, and temperature
fluctuations. Table 1 summarizes key industrial inhibitors used in the CIS, with their
chemical composition, application area, efficiency, and usage geography.

Table 1. Composition, purpose and efficiency of industrial corrosion inhibitors used in the oil and gas

industry of the CIS countries

- Description / L .
Inhibitor Country composition Application area Efficiency
Nitrogen-containing organic corrosion inhibitors
. . Effective at
Protection against temperatures up to
IKB-2-2 Russia Amidoimidazoline CO, corrosion of op p
: élines 90°C, pH 3-7, up to
PP 98 % protection
Upto 94 %
Russia, Complex inhibitor based Ol]ﬁeld protection protec‘.uon from
VFIKS-82 L . against H,S/CO corrosion and up to
Kazakhstan | on imidazolines L2 2 .
corrosion 80 % protection from
scale formation
Russia, Mixtures of quaternary | From oxygen Up to 90 %
DON-52 . . .
Kazakhstan | ammonium salts corrosion protection
PF-1 Uzbekistan | Amines + fatty acids Genf:ral prot.ectlon Effectlv_e, local
at oil refineries production
: _ 0,
IFHAN-1 Russia Mlxture.s of quaternary From H_S corrosion Up to 85 93 %
ammonium salts 2 protection
Uzbekistan, | Mixtures of quaternary | Under mechanical | Up to 85 %
INK-1 . .
Kazakhstan | ammonium salts loads protection
; - : ; o
Catasol 28-5-1 Russia Salj[ of higher aliphatic | At high Up to 85 %
amines temperatures protection
: ; : — "7 0
Napor-1007 Kazakhstan Sal.t of higher aliphatic In.water oil Up to 88 93 %
amines mixtures protection
. . S In the presence o
HOPS-10 Rus51a. Sal.t of higher aliphatic of complex salt Up to 90 %
Uzbekistan | amines .. protection
compositions
Protection against o
Olazol-T2P Russia Imidazolines CO, corrosion of Up to 9.5 &
L2 protection
pipelines
Protection of
A ono
Vokor-1 Kazakhstan |Imidazolines PP clines in .contact Up to 8.8 92 %
with formation protection
waters
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Russia, At high
Sepakor 5478 AM | Kazakhstan, |Imidazolines temperatures up to | Over 90 % protection
Uzbekistan 120 °C
Diazooctanedinitrile Protection against | High level of
MAD-20 Uzbekistan . . acid corrosion of | protection, up to 99
with functional groups o .
columns % protection
Oxygen-containing organic corrosion inhibitors
Polyethylenegly- Inhibitors in water EffeCt.lve mo
e . . . . combination with
col based inhib- | Russia Polyesters circulation cooling
. phosphonates, non-
1tors systems .
toxic
Salicyli- . Aldimin (azoplethme | protection of tanks Good adsorption
e Russia compound with phenolic . on steel, thermal
eneaniline and pipelines e
group) stability
Derivatives of Anti-corrosion g?girlozsgsv(:tt?lhty
Oxyl inhibitors Kazakhstan | ethoxylated fatty emulsions for .- ’
alcohols (oxyl) drilling fluids stability of
Y g surfactants
0,
Surfactant composition | Heat exchange up to 9.7'5 %
based on hydrolyzed equipment of protection from
GPMSh Uzbekistan - . corrosion and up to
polyacrylonitrile and the oil refinery .
urotropine (Fergana) 91.76 % protection
P & from scale formation
Phosphorus-containing organic corrosion inhibitors
Sintanol Russia Phosphonates Oil plp'ehne High leyel of
phosphonates protection protection
Oligomers based on Protection of Unp to 99 %
IKF-1, IKF-2 Uzbekistan | crotonaldehyde and oil refinery heat p o7z 70
protection
phosphates exchangers
Russia doixiit:‘-‘{ll;ieizzci . Inhibition of scale | Up to 94,11 %
HEDP/OEDFK ’ phosp . and corrosion at T | protection from scale
Kazakhstan | (1-hydroxyethylidene- o .
. . up to 250 °C. formation
1,1-diphosphonic acid)
Inhibition of
corrosion and salt
. L deposits in the o
Zn-OEDF Russia Zinc Complex Disodium presence of Zn ions Upto 9.4 &
Salt HEDP protection
of heat exchange
equipment,
pipelines
Oil production, ng.h efficiency
o . . - . against scale and
Russia 60% solution of circulation cooling salt denosits in the
AFON 200-60A ; 1-hydroxyethyli- systems, additive to P
Kazakhstan . . s . pH range of 2-12;
denediphosphonic acid | drilling fluids and .
detergents resistant to H,S, up
to 80 % protection
Protection of oil
. . gathering and Up to 97% corrosion
Kazakhstan, | A mixture of polyamines . . o
+
PHOSPHONE Uzbekistan | and phosphonates transportation protection at 60 °C

systems, inhibition

H,S corrosion

and pH = 6-8
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Sulfur-containing organic corrosion inhibitors
. . Contain nitrogen and Water-oil ngh efﬁ01.ency n
Thiourea and Russia, . acidic environments
.. sulfur atoms (N,S- emulsions, H.S
derivatives Kazakhstan containing) environmen tsz (pH < 4), up to 90—
& 95 % inhibition
Acid corrosion, Up to 85-90 %
Mercap- Russia Heterocyclic compounds | aggressive inhibition, especially
topyrimidines with a sulfur atom environments with |in HCl and H,S
CO, and H S environments
- ; o :
Thiourea Kazakhstan, |Thiourea derivatives, Gas lift we.l Is, oil .Up 'to' (.)2 76 corrosion
o . . transportation, inhibition of steel
inhibitors Uzbekistan | often with donor groups .
refineries and alloys
90 © i
. . Mono- and di- Oil dehydration, .85 90. 70 protection
Thioetanol-based | Russia, . .. . in environments
C thiols, derivatives of H_S corrosion o
inhibitors Kazakhstan . e with high H S
thioalkanols inhibition L2
concentrations
- o
Sulfide- . Ta.lurlne and analogues. Eco-technological Up to .80 % in pe.utral
.. . Russia, Biodegradable S . and slightly acidic
containing amino ; inhibitors in . .
. Uzbekistan | compounds of natural . environments, high
acids . production systems |, . o
origin biodegradability

According to Table 1, organic corrosion inhibitors with various functional groups

are widely used in the oil industry of CIS countries. The choice of inhibitor depends
on operating conditions, chemical composition of oil and gas, presence of aggressive
components (O,, CO,, H,S), formation water composition, pH, and temperature. Russia
leads in both the development and industrial use of organic inhibitors. The most common
are nitrogen-containing compounds — imidazoline derivatives (IKB-2-2, VFIKS-82,
Olazol-T2P) and quaternary ammonium salts (DON-52, IFHAN-1, INK-1). Phosphorus-
containing inhibitors like HEDP, Zn-OEDFK, and AFON 200-60A are used in systems
with thermal and acidic stress. Due to environmental concerns, biodegradable oxygen-
containing inhibitors based on polyethylene glycol and salicylidene aniline are gaining
attention.

In Kazakhstan, both local and mainly Russian inhibitors are applied. Imidazolines
(VFIKS-82, Vikor-1, Sepakor 5478 AM), thiourea, and thioethanol-based compounds
are effective in H,S-containing environments. Phosphorus-based complexes
(PHOSPHON+, HEDP) are used for corrosion and scale control during oil production
and transportation. Uzbekistan is developing inhibitors from local raw materials.
Nitrogen-based inhibitors (INK-1), diazo compounds (MAD-20), and phosphorus-
and oxygen-containing formulations (GPMSh) are used to protect heat exchange and
circulation systems. Overall, the most widely used functional groups are nitrogen-
containing (imidazolines, ammonium salts) and phosphorus-containing (phosphonates),
due to their multifunctionality and resistance in aggressive environments.

Current trends in the development of organic corrosion inhibitors in the CIS
countries

In connection with global environmental changes and tightening environmental
protectionrequirements, the oil and gas industry of the CIS countries is moving towards the
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use of environmentally friendly and biodegradable corrosion inhibitors. As an alternative
to traditional nitrogen- and phosphorus-containing organic corrosion inhibitors, a range
of plant-based materials is being investigated. These include vegetable oils and their
derivatives — such as sunflower, soybean, linseed, corn, and rapeseed oils — which serve
as bases for inhibitors due to their surface-active properties and ability to adsorb onto
metal surfaces. Additionally, plant extracts, fruit residues, and agricultural waste rich
in biologically active compounds are being explored. Amino acids, particularly sulfur-
containing ones such as taurine and cysteine, are also of interest due to their functional
groups (-NH,, —SH), which enable strong interactions with metal surfaces and confer
effective anti-corrosion performance. Combined inhibitors that combine the functions
of anti-corrosion and anti-salt protection are also being actively developed; they are
relevant for areas with a high content of mineralized formation waters.

Conclusion. Organic corrosion inhibitors are widely used in the CIS oil and gas
industry to protect drilling, refining, and pipeline equipment. Nitrogen-containing
compounds like amines and imidazolines are most common due to their effectiveness
in CO,- and H,S-rich environments. Phosphorus-containing inhibitors (phosphonates,
phosphate esters) are applied where both corrosion and scale must be controlled,
especially under high temperature and salinity. Many modern formulations combine
functional groups for a synergistic effect. Growing interest is seen in eco-friendly “green”
inhibitors based on vegetable oils, phenolics, and plant waste, which meet tightening
environmental standards. CIS countries are expanding local production of tailored
organic inhibitors. Russia leads in research and industrial base and manufacturing,
while Kazakhstan and Uzbekistan adopt both established and green formulations using
local resources. Future developments focus on nanotechnology and formulations that
withstand extreme conditions — high temperature, pressure, and H,S — enhancing long-
term corrosion protection.
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