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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOMmpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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DEVELOPMENT OF A MULTIFUNCTIONAL
CORROSION INHIBITOR, POSSESSING THE PROPERTIES
OF A MICROEMULSION

Abstract: To protect the oilfield equipment from corrosion, a multifunctional bactericide inhibitor with
microemulsion properties was developed that promotes oil displacement. Laboratory researches have shown that the
reagent has high inhibiting and bactericidal properties at concentration of 500 mg/l. At the same time the protective
effect of the general corrosion constitutes 94-96% and suppression extent of SRB - 99%. While conducting
experimental studies on linear models of layer it has been established that at the reagent concentration of 10% the
coefficient of oil replacement relatively to the layer water increases by 16%.

Field tests showed that, during the application of this reagent, the protective effect of corrosion was 90%, and
the degree of SRB suppression constituted 97%.

As aresult of reagent influence on productive layer in oil production of the wells has increased in average by 11%.

Key words: corrosion, bactericide inhibitor, degree of protection, suppression extent, increase of oil production,
maintenance of layer pressure.

Introduction. Various technological methods such as: heat treatment of layer, pumping of the
chemical reagents and injection of gas or sea water were applied on oil layers to strengthen the oil
production. The application scales of influence methods on oil deposits are enormous.

One of the dominating influence methods on layer that applied on the Azerbaijan fields is the mainte-
nance of layer pressure (MLP) by downloading water into the layer through the system of injection wells.

The MLP in its turn is very metal - and power-intensive system that is related to the arrangement of
the parting and bringing conduits (pipelines), construction of sectional pump stations, power supply
objects and their protection for the purpose to increase in service life.

The acquired practice of long-term exploitation in Azerbaijani oil fields has shown that, the main
reason of MLP system damages is the corrosion destruction of pipelines in consequence of sea water
injection without the preliminary sterilization. At the same time the corrosion aggression of layer water
amplifies because of the existence of corrosion aggressive bacteria in the environment as well as the
increase in concentration of such ions as CI', SO,*, H,S and CO, gases [1].

A sharp increase in the corrosion rate of steel with an increase in sulfide ion concentration in alkaline
and neutral media was noted. The second after hydrogen sulfide on aggressiveness component of oilfield
environments is oxygen [2,3].

Microbiologically influenced corrosion is a big concern in oil and gas industry [4-6]. Pits and other
damage arising from microbiological corrosion damage downhole equipment, manifolds, and pipelines.
The most aggressive among bacteria stimulating bio-corrosion are sulfate reducing bacteria (SRB) [7-10].

During operation of oil deposits, asphalt-tar-paraffin (ATP) compounds in heavy and high viscosity
oils precipitate in well bottom zone (WBZ) and thus, weaken the filtration ability of layer fluids and cause
a sharp decrease in production. In order to eliminate such difficulties, the physical and chemical methods
were developed to affect WBZ depending on physical, chemical and filtration properties of fluids.

— (4 ——
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However, due to the use of expensive techniques and chemical reagents, the economic benefits of these
operations are not considered as satisfactory.

Methods developed for intensifying oil production need to be improved. For this reason, it is
expedient to develop effective methods to prevent complications that occur during well operation.

Chemical method, especially microemulsion flooding, plays an important role in enhanced oil
recovery technique due to its ability to reduce interfacial tension between oil and water to a large extent as
well as alter wettability of reservoir rocks [11].

Microemulsion is used to increase permeability of well bottom zone and to rise oil recovery factor of
injection wells. The efficiency of microemulsion depends on the dissolution of ATP compounds contained
in oil, intensification of oil flow to the well bottom, recovery and increase of well bottom zone
conductivity. Compared to the ordinary emulsions, microemulsions mix well with layer water and
hydrocarbons and have small dimensions and suspended particles. Dilution of microemulsion with water
(over 40%) leads to its transformation. This transformed microemulsion is used for wider application areas
by mixing with oil and water [12-17].

Researches show clearly that mixing cationic and non-ionic surfactants is useful in testing and
supporting microemulsion conductivity models [18].

However, in chemical enhanced oil recovery (EOR), the microscopic sweep efficiency depends
primarily on achievement of a low interfacial tension [19].

Aims and Objectives. Considering the urgency of the existing problem, a new combined bactericide-
inhibitor was developed based on naphthenic acid salts, isopropyl alcohol, light gas oil fraction and
technical hydrated phosphatide, which has emulsifier properties that influence various processes in the
formations.

Laboratory research. The study of inhibitory and bactericidal properties of the reagent under the
laboratory conditions is carried in accordance with standards. For testing, steel samples 1020 (USA
standard) were prepared and installed into the U-shaped cell with a stirring device. Fluid velocity
relatively to the samples is 0.3 m/sec. Duration of the experiments is 6 hours at the 25°C degree. Testing
of reagent at various concentrations (100-600 mg/l) was carried out in acidic and alkaline environments.
The results of laboratory researches are presented in the figure 1.
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Figure 1 — The dependence of the corrosion rate (CR) in various environments on the concentration of the reagent (C)

Determination of the inhibitor efficiency was conducted by gravimetric method. The essence of the
method constitutes determining the rate of corrosion by mass loss of witness specimens in the control and
test environment.

The corrosion rate is computed by the expression given below:

m—m,

St (1)
where CR - corrosion rate, g/rnz-hour; m - mass of the test specimen before the test, g; m; - mass of the test
specimen after the test, g; S - the surface area of the witness specimen, m?; t - test time, hour.

The effectiveness of the protective action of the inhibitor was characterized by the degree of
protection IE, %.

CR=
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'R—CR
:%100% )

IE

where CR u CR; - corrosion rates of the sample without inhibitor and with inhibitor

As shown in figure 1, the speed of corrosion without inhibitor in various environments was 0.5631 -
0.7257 g/m*hour. Depending on the reagent concentration, corrosion speed in the corresponding environ-
ment has reached 0.0236-0.5974 g/m*hour and at the same time the protective effect constituted 18-96%.

Laboratory researches have shown that the reagent has high inhibiting properties at optimum
concentration of 500 mg/l. At the same time the protective effect of general corrosion was 94-96%
(0.0240-0.0447 g/m*-hour).

To study the mechanism of the protective action of the reagent, a potentiostatic method of obtaining
polarization curves of 1020 steel was also used. The research results are shown in figure 2.
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S 800
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Figure 2 — Cathode (1-2) and anodic (1'-2") potentiostatic polarization curves:
1, 1' - cathode and anode curves without reagent; 2, 2' - cathode and anode curves with a reagent (500 mg/1)

As can be seen from figure 2, a mixed-type reagent is capable of equally effectively inhibiting both
electrochemical reactions on an electrode at a concentration of 500 mg/l, which is consistent with
gravimetric tests.

Determination of bactericidal properties of reagent with concentrations of 100-600 mg/l was carried
out on the culture of SRB with the load equal to 10° bacteria/ml, at the temperature of 30-32°C within 15 days.
The culture of SRB for these researches has been marked out from layer waters of the “Bibieybat” field.

The effectiveness of the bactericide is characterized by the degree of suppression of sulfate reducing
bacteria, which is determined by the formula:

Cc-C,

IE,, = 100%

where IE,, - degree of suppression; C and C, - the presence of H,S in test of the studied water without
reagent and with reagent respectively.

Researches have shown that at concentration of 500 mg/l suppression extent of SRB becomes 99%
(figure 3).

0 100 200 300 400 500 600 700
C, mg/l

Figure 3 — Bactericidal properties of reagent in various concentrations
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Under laboratory conditions effect of reagent in different concentrations on the viscosity of the oil
also have been studied. Dynamic viscosity (mPa-s) was carried out at the viscometer "Reotest-2" at the
temperature of 25° C and a strain rate equal to 0.33sec™’. For this purpose, was used oil from well Ne 43 of
“Muradkhanli” filed (table 1).

Table 1 — Physico-chemical properties of the studied oil

Options Meanings

Dynamic viscosity of oil, mPa - s 140,4
Density of oil, kg /m® at 20°C 915
The content of asphaltenes, % 0,72
Sulfur content in 0il,% 0,3
The paraffin content in oil, % 7,2
The content of silica gel resin, % 16
Water content, % 28
Freezing point, °C 16
Mechanical impurities, % 0,62

To assess effectiveness of the reagent regulating oil viscosity, the efficiency index (Eg) is estimated
by the formula:
Eeff: lLlo_Ile (4)
H,

where E.q the efficiency index of the reagent; 1,- the dynamic viscosity of the initial oil, Pa-s; - the
dynamic viscosity of the oil with the reagent, Pa-s.

The reagent efficiency index (E) shows how many percent the dynamic viscosity of the oil with the
reagent has decreased relative to the dynamic viscosity of the original oil. The results are depicted in
figure 4.
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Figure 4 — Dependence of dynamic viscosity (pt) of high viscosity oil on reagent concentration (C)

The data in figure 4 indicates that, as the concentration of the reagent increases, shear stress and the
dynamic viscosity decreases. For optimum concentration of the reagent 500 mg/l dynamic viscosity are
equal to 45.72 Poise correspondingly, herewith the dynamic viscosity is decreased in 3 times, what is
67%.

The improvement in the fluidity of high-viscosity oils can be explained by the fact that the test
reagent possesses surface-active properties and is capable of changing the phase and energy interactions at
the interfaces between the polar and nonpolar phases.
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Technical phosphatide in turn consists of residues of glycerol, fatty acids, phosphoric acid and
nitrogen-containing compounds - serine, ethanolamine and choline, and in some cases other substances.
Hydration of technical phosphatide leads to the formation of a phosphatide emulsion containing 45-70%
water [20]. Taking into account the fact that phosphatides, which are emulsifiers, as well as alcohol and
hydrocarbons, which form a microemulsion, are present in the developed reagent. 10% mixture of reagent
with water can be used as a rim injected into the formation. Therefore, in laboratory conditions, the effect
of the reagent on oil displacement was also studied.

Moreover, to study the reagent effects on oil extrusion process some researches were conducted
under the laboratory conditions. Results of the laboratory researches are presented in figure 5.

Experimental studies (at 25° C) on linear model of layer with the initial oil saturation of 76% loaded
by quartz sand with permeability 1.2 mkm®. At the first stage of experiment at the room temperature and
constant pressure difference of 0.025 MPas oil was forced out by layer water. At the same time the
displacement coefficient after passing through the layer model of 1.9 steam volumes of water, and in the
final period is 0.49 (figure 5 (a)). Thus, layer water has forced out only 49% available oil and this
indicates the low oil washout ability of layer water.
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Figure 5 — Dependence of oil displacement coefficient from the porous environment
with layer water (a) and 10% solution of reagent (b).
Vipom/Vpor. - Volume of pumped agents from pore volume, Cq4 - Displacement coefficient

At the second stage of experiment reagent solution in concentration of 10% was applied to the layer
water before full replacement of residual oil. At this stage 1.4 volumes of solution were injected into the
model of layer that has forced out another 16% of residual oil (figure 5 (b)).

It should be noted that the developed microemulsion, which displaces oil from heterogeneous layers,
has some features:

- improves the rheological properties of highly viscous oil;

- helps to improve the movement of oil in the reservoir and reduce the breakthrough of the injected
water to the production wells, thereby improving its oil-bearing capacity;

- due to the wetting of the surface of the rock with a 10% solution of the reagent, the relationship of
the oil with the rock is reduced.

Thus, laboratory studies have shown that the reagent, due to the diphylic properties owing to the
presence of polar (hydrophilic) and non-polar (hydrophobic) groups, can be used in small concentrations
as a corrosion inhibitor, and at high concentrations, being a microemulsion, stimulates oil displacement by
increasing the permeability of rocks.

Field tests. Due to injection of raw layer water to maintain layer pressure, field tests of the reagent on
the results of laboratory tests were carried out at injection wells of OGEU (Oil Gas Extraction Unit)
“Bibieybatneft”.

Batcher pump delivery rate can be determined by calculation using the amount of injected liquid to
the well and concentration of inhibitor working solution.
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Firstly, 25 pore volume of reagent solution with concentration of 10% was pumped by impact dose to
increase the rate of oil extrusion and carrying out bactericidal treatment. Further, the reagent was pumped
with the working concentration of 500 mg/1.

For corrosion speed determination samples of steel 1020 were installed in cartridges from inert
materials located in water conduits supplying pumped water into the well. Tests were carried out within
2 months: the first month without the inhibitor, the second month - with reagent supply. Endurance
duration of samples was 30 days and then they were selected for further assessment of protective effect.
Determination of protective action of bactericide inhibitor was carried out in the laboratory by a
gravimetric method on mass loss of steel samples. In parallel, for the chemical and microbiological
analyses, the layer water was taken to study the bactericidal properties of reagent.

Field tests have shown that while using reagent the speed of corrosion has on average decreased from
0.1129 to 0.0112 g/m*hour, the protective effect at the same time constituted 90%. The amount of
hydrogen sulfide decreased from 36.3 to 1.2 mg/l. Moreover, the amount of sulfate-reducing bacteria has
decreased from 10° to 10" bacteria/ml, at the same time suppression extent of SRB constituted 97%.

It is also necessary to note that as a result of the reagent influence on productive layer, oil production
in the corresponding oil-extracting wells has increased on average by 11%.

Protection of equipment against corrosion allow to reduce the number of damages and, respectively,
to cut down expenses on their elimination, to increase reliability and to prolong service life of pipelines,
and finally to increase ecological safety of objects.

Multifunctional reagent was developed for the protection of underground and above ground oil-field
equipment of the MLP system from the general and microbiological corrosion. In this case, the reagent
can be used in drilling, operating of steel tanks, receiving and pumping oil, as well as to improve oil
displacement in reservoirs.

Conclusion.

1. Based on salts of naphthenic acids, isopropyl alcohol, light gas oil fraction and technical
hydrated phosphatide, a new combined bactericide-inhibitor has been developed that has microemulsion
properties and influences various processes occurring in reservoirs. At the same time the protective
effect in laboratory conditions of the general corrosion constitutes 94-96%, and SRB suppression extent
is 99%.

2. The results of filtration studies performed on bulk reservoir models showed that the developed
reagent has a complex effect. At the reagent concentration of 10% displacement coefficient relatively to
layer water increases by 16%.

3. In trade conditions the protective effect constitutes 90%, SRB suppression extent - 97%. At the
same time as a result of reagent influence on productive layer oil production has increased in average by
11%.

4. The alternation of various concentrations during the periodic injection of this reagent solves the
corrosion protection problems of oilfield equipment of the MLP system and the displacement of residual
oil from the oil-bearing layers without additional costs.

5. Application of this reagent possessing oil extrusion ability, bactericidal and inhibiting properties, is
represented economically expedient as the technology of its obtaining is quite simple. Moreover, the prime
cost is low because of the usage of available local raw materials.

K. A. Mamenos', H. C. Tamugosa’, C. T. Anues’
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MHUKPOSMYJIbCUAHBIH KACUETTEPIHE UE KOII®YHKIHNOHAJIJIbI
KOPPO3HUs1 MTHT'UBUTOPBIH 93IPJIEY

AHHOTanus. O3ipOaiikaH KeH OphIHOApPBIHIA KabaTKa ocep eTyHiH OachIM TypHAe KOJIIAHBUIBI KeJie jKaTKaH
smicrepiHiH 0ipi — KabaTThIK KbIchIMAEI cyiiemenneyni (KKC) kpicbiMaapra aiijay YHFBIMaIapbIHBIH JKYHeci apKbUTbI
cy aiimaymern ycran Typy. KK xyiiecinaeri MUKpOOHOIOTHSUTBIK KOPPO3USHBI TYABIPATHIH 3aKBIMAAHYIBIH HETI3Ti
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cebe0i — aNapIH aja CTepUIIN3aUIIayChI3 TeHI3 CYBIH alifiay, )KOHe COHBIH CallfapbIHAH KYOBIPIapIbIH KOPPO3HUSITBIK
Oy3bLTYBI KepiHic Tabambl. Brokoppo3apl KO3ABIpAaTHIH OaKTEepHsIApABIH IMIIHAETI €H arpecCHBTICI — CYIb(ATTHI
KanmbiHa kentipymri 6akrepusuiap (CKKB).

[Naliganany yHFEIManapbIHbIH KEH)Kap MaHbl aiiMarbIHBIH OTKI3TIIUTIMIH apTTHIPY KOHE aliiay YHFBIMAaJIapbIHBIH
KaOBULIAFBIIITHIFBIH KAKCAPTY VINIH KabaTKa ocep eTy oAICTepiHiH Oipi — MHUKPOIMYJIbCHSHBI MaiiianaHy, ajl oll,
onerTe KabaTKa KallTy TYpiHIe aiinanaisl.

Kazipri npo0semMaHbIH ©3eKTUIINH €CKepe OTHIPBIN, HAaQTeH KhIIIKbUIBI TY3Japbl, W30MPONMI CIUPTI, KEHUI
ra3oily1 ppakiMsChl )KOHE TEXHHUKAJIBIK TuaparTairad (ochaTuy HeriziHae MUKPOIMYJIBCHs KACHETTEpIHE Ue KOHE
KabaTTap/ia 6TeTiH TYPJIi MPOLIECTEPre 9Cep €TETIH KaHa OipIKTIPIAreH OaKTEPUITUI-HHTHOUTOP d31PIICH I,

3epTXaHaNBIK JKarJaijgapia peareHTTIH WMHIHOMIMSIIAYIIbl JKOHE OaKTEepUIMATIK KacCHETTEpiH 3epTTey
CTaHAApTTapFa coKec XKy3ere achlpbUIIbL

3epTXaHANBIK JKaFgaiiiapa WHTHOUTOPIIH THIMAUITIH aHBIKTay TPaBUMETPHUSUIBIK OJICIICH KY3€re achl-
peuinbl. PearenTTi opTypii koHneHTpanusuiapaa (100-600 Mr/m) chiHAy KBIIKBUT JKOHE CUITUIL OpTana »KYpri3iiii.
100-600 M/ KOHICHTPALUMACHIHAAFB peareHTTiH Oakrepuruarik kacuerrepin anpiktay CKKB maxkeputeiHzma xyp-
rizingi. 3eprreynep 500 Mr/m oHTaIBI KOHIEHTPALMACH KE31HAE PEareHTTIH KOpFaHbIM acepi — 94-96 %-nbl, an
CKKB 6acy napexeci 99 %-apl KyparaHblH KOPCETTI.

3epTXxaHaNbIK )Karaaiapia peareHTTiH TypIli KOHIEHTpalHsuIapAarbl MYHAHIBIH TYTKBIPJIBIFbIHA JKOHE MYHal-
ra ocepi 3eprrenai. PeareHTTiH OHTaibl KOHICHTpanusacel 500 mMr/ia 6oiFaHaa, MyHAWIBIH AHHAMHUKAIBIK TYTKBIP-
JBIFEL 3 ece ToMeHei i, 0y 67 %-apl Kypaiinsl. KabaTTeiH skeniiik MOJeIiH/e KYPri3iireH 3epTTeysiep a3ipiieHreH
MHUKPOAMYJIbCUSHBIH 10 %-IbIK KOHIIEHTpAIUS Ke3iHe KaOATTHIK Cy.Ibl CAJBICTRIPMAIIBI BIFBICTBIPY KOI()OUIIHCHTIH
16 %-ra apTTBHIpaTBHIHBIH KepceTTi. by jxarmaiina ere TYTKbIp MYHalIbIH PEOJIOTHSJIBIK KAaCHETTEpi XKaKcapblIl,
JKBIHBICTBIH O€TIH CyJaHAbIpyFa OalIaHBICTBI, MYHAHbIH >KBIHBICIIEH OaiiylaHbIChl a3asiibl, COHMai-ak KabaTra
MYHaHIbIH KBUDKYBI JKaKcapabl KoHE MaiiianaHy YHFbIMalapblHa alilallaThIH CYAbIH aFybl a3asiibl.

CoHBIMEH, 3epTXaHAJBIK 3ePTTEYJep PEareHTTIH a3 KOHICHTpAaIlMsUIapJarkl KOPPO3Us MHTHOUTOPHI pPeTiHae
KOJJAaHBUTYBl MYMKIiH €KSHIITiH KOpCEeTTi, all >KOFaphl KOHICHTpaNWsIIap Ke3iHAe >KBIHBICTAPABIH OTKI3TilITIriH
apTTHIpy ece0iHeH MYHAHIBIH KbICBUTYBIH BIHTAJIAHIBIPAIbIL.

O3ipJIeHIeH peareHTTIH KOCINTIK chiHarbl «bruomaiioar-wedrs» MI'Ob-na KKC xyiiecinme xyprizinmgi. Anasi-
MEH, MYHalIbIH KBICBUTYBIH apTTBIPY >KOHE KabaTKa COKKbBI J03aChIMEH OaKTepHIMATI eHIey JKYpPrisy YILIiH pea-
reuTTiH 10 %-IbIK epiTiHAiCiHIH (MUKPOAMYIIBCHSHBIH) 25 KEyeKTiK KeJjeMi alajibl, colaH KeHiH peareHTTI
500 M/ >KYMBIC KOHIIEHTPALMSChIH/A aii/iay JKaJIFacThIPbUIIBI.

Koppo3ust sxputnaMapIFeiH anbikTay yiid 1020 Oonarras xacairal 0oJiat yiariiep yHFbIMara aiianaTblH Cy bl
OepeTiH Cy OTKI3TIIITep/Ie OPHAIACKaH HHEPTTI MaTepHaAapIaH JKacallFaH KacceTalapra OPHATHUIIBL.

Bakrepuuna-uHrHONTOPABIH KOPFAHBIII 9CEPiH aHBIKTAYy 3epTXaHajia 0oyaT YIriiepAiH MaccachIHBIH JKOFaIyhl
OOMbIHIIA TPABUMETPHSIIBIK JIICTICH XKYPri3ULi.

PearenTTiH OaKTEepHUIMATIK KaCHETTEPiH 3ePTTEYIEe XUMUSIIBIK JKOHE MUKPOOHOJIOTHSUIBIK Tajljay YIIiH KabaT-
TBIK Cy KaTap aJbIH/BL.

Kacimminik ceraakrap 500 Mr/m KOHIEHTpaumsachl Ke3iHne, peareHTTiH Kopraubim acepi 90 %-mb1, an CKKb
Gacy mapexeci — 97 %-Ipl KyparaHbIH KOPCETTI.

CoHpaii-aK peareHTTiH eHIM/I KabaTka ocepi HOTMXKECIHIE THICTI MyHail eHJIpy YHFbIMallapblH/Ia MyHall ©H-
nipy oprama ecemnmied 11 % - ¥a apTKaHBIH aTall 6Ty KaXKeT.

Ocpunaiiia, 93ipjeHreH KendyHKIHUOHAIIBI PEareHT Kajlbl JKOHE MHUKPOOHONOrusuiblK kopposusgan KKC
KYHECIHIH )Kep acThl JKOHE JKep YCTI MyHall Kocimuiiiri »aOabIFblH KOpFay YIIiH YChIHBUTFaH. by perre pearent
OyprhlIay, MYHAIIBI )KUHAY, KAObLUIAAY JKOHE aiiay YIIiH OoJiaT pe3epByapiap/sl Naigaiany KesiHme, CoHmai-aK
KabaTTaparbl MYHalIbIH KbICBUTYBIH KaKCapTYy YIIiH KOJJaHBLTYbl MYMKIH.

Tyiiin ce3zmep: Koppos3usi, OakTepuIUATI MHTHOUTOp, KOPFAHBIC AEHreli, Oacy mspexeci, MyHail eHIIpyIi
apTTHIPY, Ka0ATThl KBICBIMBIH CYHEMeIIey.

K. A. Mamenos', H. C. Famugosa’, C. T. Annes’

ISOCAR, HUITHU «Hedrerasy», baky, AzepOaiimpkaH;
2«SOCAR Midstream Operations» LTD, Baky, Azepbaiimkan

PA3PABOTKA MHOI'O®YHKIIMOHAJIBHOT'O HHIT'MBUTOPA KOPPO3HH,
OBJIAJAIOIIEI'O CBOUCTBAMHU MUKPOSMYJIbCUN

Annoranus. OTHAM U3 JOMHHHPYIOIIUX METOMIOB BO3MCHCTBUS Ha IUIACT, IPUMEHIEMBIX Ha MECTOPOKICHISIX
AzepbaiimkaHa, octaeTca nojaepxkanue rractoporo nasmeHus (ITI1]]) 3akadkoii B macT BOABI 4epe3 CUCTEMY Ha-
THETaTEeIbHBIX CKBXIH. OCHOBHOW MPUYHHON moBpexaeHnid B cucteme [111/] sBisieTcst KOppo3MOHHOE pa3pylieHne
TpyOOIIPOBOJOB BCJIEICTBHE HATHETAHUS MOPCKOW BOABI 0€3 MpeaBapUTEeIbHON CTEPHIN3ANN, KOTOPOE BBI3BIBAET
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MHKPOOHOJIIOTHIECKYI0 Koppo3mio. Hambonee arpeccHBHBIMH cpenu OakTepuil, CTHMYIHUPYIOMINX OHOKOPPO3UIO,
SIBISIIOTCS cylb(haTBoccTanaBimBarone oaxrepun (CBB).

OpmHUM W3 METOJIOB BO3ICWCTBHUS HAa IUIACT Ui TOBBIMICHHUS MPOHHUIIAEMOCTH MPH3a00MHON 30HBI KCILTya-
TAIOHHBIX CKBOKUH W YIYYIICHHS MPUEMHCTOCTH HATHETATENbHBIX CKBAXWH SBJIIETCS HCIIONB30BAaHHE MHUKPO-
IMYJIBCHH, KOTOpast 0OBIYHO 3aKaYMBAETCS B IUIACT B BHJIE OTOPOUKH.

Y4uuTHIBasg aKTyaJIbHOCTH CYIIECTBYIOMIEH ITPOOIEeMBl, HA OCHOBE COJIel HAQTEHOBBIX KHCIIOT, H30IPOIIIOBOTO
CIIUPTA, JCTKOM ra30uaeBoOr (Ppakiiyd ¥ TEXHUIECKOTO THAPATHPOBAaHHOIO (ochartrma pa3padboTaH HOBBIA KOMOU-
HUPOBAHHBIM OaKTepUINI-HHTHONTODP, 007TaJalomuii CBOWCTBAMH MHKPOIMYJIBCHH M OKa3BIBAIOIIMN BIHMSHHE HA
pa3IMYHBIE IPOIECCHI, POTEKAOIINE B TUIACTAX.

W3ydenne nHruOMpyONmMx U OaKTEPUITUAHBIX CBOMCTB peareHTa B Ja00paTOPHBIX YCIOBHAX OCYIIECTBIIIIOCH
COTJIACHO CTaHJApTaM.

Onpenenenne >pGEKTUBHOCTH WHTHOUTOpPA B Ta0OPATOPHBIX YCIOBUSAX OCYIIECTBILIIOCH TPAaBUMETPHUYECKIM
METOZOM. McrbITaHust peareHTa B pa3audHbiX KoHIEHTpanusax (100-600 mr/a) mpoBOIWIN B KUCIIBIX M MICITOYHBIX
cpenax. Onpejenenue OakTEPUIMIHBIX CBOICTB peareHTa B koHUeHTpauu 100-600 Mr/i1 mpoBOAMIOCH Ha KYJIBTYpe
CBB. HccrnenoBanusi Mokasajid, 4TO IPH ONTHMajibHON KoHIeHTpamuu 500 mr/m sammrtHbId 3ddekr pearenrta
coctaBui 94-96%, a crenenb noaasienuss CBb -99%.

B mabopaTopHBIX YCIOBHSAX M3Yy4aJOCh TakKe BIUSHHUE peareHTa B Pa3IUYHBIX KOHIEHTPAIMSIX HA BA3KOCTh
HehTH U HedTeBBITeCHEHUE. [Ipy ONTHMAaNBHON KOHIEHTpaluu pearenra 500 M/ nuHaAMHYecKast BI3KOCTh He(DTH
cHWXaeTcs B 3 pasa, 4to coctaBisieT 67%. HccnenoBaHusi, MpoBeACHHbIE HA JTUHEHHONW MOJEIH IUIACTa TOKA3aJIH,
4T0 paspaboraHHasi MUKpOAMyJibcusi Hpu 10% KOHLEHTpaluu yBennuruBaeT KO3()(QHUIMEHT BBITECHEHUS OTHOCH-
TEJILHO TIACTOBOH BOABI HAa 16%. DTO MPOUCXOAUT 3a CUET TOTO, YTO YJIYUIIAIOTCS] PEOJIOINIECKHE CBOMCTBA BBICO-
KOBSI3KOW He()TH, YMEHBIIAETCS CBsI3b HEPTU C MOPOJIOH B CBSA3U CO CMauyMBaHHUEM MOBEPXHOCTH MOPOJbI, & TAKKE
yJIy4IaeTcsl IpoJBIKeHHEe He(TH B IUIACTE U yMEHBILICHHE MPOpPbIBA 3aKaYMBAaEMOIl BOJBI K IKCILTyaTallHOHHBIM
CKBKHHAM.

Wraxk, mabopaTopHbIe HCCIEIOBAHUS MTOKA3aJIM, YTO PEAreHT B MAJIBIX KOHIIEHTPAIIUSIX MOYKET HCIOIB30BATHCS
KaK MHTMOWUTOP KOPPO3WH, a MPU BBICOKMX KOHIEHTPAIMSAX CTUMYJUPYET HE(TEBBHITECHEHUE 32 CUET YBEIHMUYCHUS
MIPOHHUIIAEMOCTH TTOPOI.

IIpoMBICIIOBBIE UCIBITAHUS Pa3pabOTaHHOOrO peareHTa npoBoawiuchk B cucreme [T/ 8 HI'IY "Bubusiibar-
HedTh". CHauana Juis MOBBILICHUS] HE()TEBBHITECHEHHST U TPOBEACHHS OAKTEPUIIMIHON 00pabOTKH IUIacTa yIapHOH
J1030# ObUTO 3aKkayeHo 25 mopoBbix 00beMoB 10% pacTBopa peareHTa (MHKPOAMYJIBCHH), & 3aTeM MPOJIOJDKEHA
3aKayka peareHra yxe B pabodeii konuenTpauuu 500 mr/in

Jis ompeneneHus CKOPOCTH KOPPO3HWH CTalbHBIE 0Opasubl-cBUaeTenn 3 ctamu 1020 ycraHaBnmWBaiHCh B
KacceTax M3 HHEPTHBIX MaTepHAJIOB, PACIIOJIOKEHHBIX B BOJOBOIAX, OAAIONINX HATHETAEMYIO BOAY B CKBAXKHUHY.

OnpeneneHne 3alUTHOTO JEUCTBUS OAKTEPUIIUA-UHTHOUTOpPA TPOBOAMIIOCH B Ja0OpaTOpuH TpaBUMETpHUEC-
KHM METOJIOM I10 ITOTE€PE MACChl CTAIBHBIX 00pa3IOB.

st u3ydeHus: GaKTEPUIIMIHBIX CBOMCTB peareHTa napajuieibHO OblUla B3sTA IUIACTOBAsI BOJA JUII XUMHYECKOTO
1 MAKPOOHOJIOTHYECKOTO aHAJIM30B.

IIpOMBICIIOBBIC UCIIBITAHMS [TOKA3AIIH, YTO 3aIIUTHBIA 3¢ (GeKT pearenTa npu KoHieHTpanuud 500 Mr/i cocTaBuiI
90%, a ctenens noaasieHuss CBbB - 97%.

Heo0xoauMo Takke OTMETHTb, YTO B PE3yJbTaTe BO3/CHCTBHUsI peareHTa Ha MPOJIYKTHUBHBIM IUIacT J00bIvYa
He()TH B COOTBETCTBYIOUIMX He(Te00bIBAIOIINX CKBAKMHAX YBEINYMIACh B cpeiHeM Ha 11% .

Takum o6pa3zom, pazpaboTaHHBII MHOTO(YHKIMOHAIBHBIN peareHT PeKOMEHIOBAH IS 3aIUTHl IOJ3EMHOTO U
Ha3eMHOTr0 HedTenpoMBbICIOBOro obopynoBanus cucrembl I111]] ot obeit 1 Mukpoduosorundeckoi kopposuu. [Ipu
3TOM PEareHT MOXET HalWTH NPUMEHEHHE NPH OyPEeHHH, SKCILTYyaTalliK CTAJbHBIX pe3epByapoB 1isi cOOpa, npuema u
OTKa4yku HeTH, a Taroke JUIs yiydlieHus HepTeBbITECHEHUS B TIACTaX.

KiroueBble caoBa: KOppo3un, OaKTEPUIIUAHBIA HHIHOUTOD, CTENECHb 3aIlUTHI, CTEIIEHh MOJABICHUS, YBEIH-
4YeHue 100bIuK HeTH, NoepIKaHHe TIIACTOBOTO JIaBIICHHS.
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