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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 lincar 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 a result 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 ficlds 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 Cl, SO4*, 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 ——




ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2020

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:

St (1)
where CR - corrosion rate, g/m*-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 1E, %.
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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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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:

IEbak. = i Cl

100%

where [Eu.k - degree of suppression; C and C; - the presence of HxS 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).
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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 /m3 at 20°C 915
The content of asphaltenes, % 0,72
Sulfur content in 01l,% 0,3
The paratfin 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 (Ecx) is estimated
by the formula:
Eqo= M.~ H (4)
K,

where Eq the efficiency index of the reagent; w.- the dynamic viscosity of the initial oil, Pa-s; pu- 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 (i) 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.

0,7

. 06 lp/”ﬂ.iﬁ

-]
&
0,5

—:LO—Q—O——"““
0,4 /

0,3

0,2
0,1

o
0 0,5 1 1,5 2 2,5 3 3,5
V. [V

pom./ ¥ por

Figure 5 — Dependence of oil displacement coefficient from the porous environment
with layer water (a) and 10% solution of reagent (b).
Vpom./Vpor. - Volume of pumped agents from pore volume, Cq- 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 heterogencous 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
propertics 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. Tamupnonal, C. T. Ames?

ISOCAR, «Hedreras» F3XXKH, Baky, Azepbaiimkan;,
2«SOCAR Midstream Operations» LTD, Baky, AzepOaiimkan

MHUKPOOMYJbCUAHBIH KACHETTEPIHE HE KOII®YHKINOHAJI/bI
KOPPO3UA HHI'NBUTOPBIH 93IPJIEY

AnHoTamus. O3ipOaikaH KCH OPBIHAAPHIHAA KabaTka ocep CTYAiH OachIM TYPAC KOJITAHBLIBIN KCIIC KATKAH
aaicTepiniH Oipi — KabaTTHIK KbIchiMab! cytiemenaeyai (KKC) kpichMaapra aiiaay YHFBIMATAPBIHBIH JKYHeCl apKbLIbI
cy avimaymen ycram Typy. KK xyifecinaeri MEKpOOHOIOTHAIBIK KOPPO3HSIHBI TYIBIPATHIH 3aKbIMIAHY IbIH HET13T1
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ce0ell — aApIH aa CTEPIIIN3ANKUIIAY ChI3 TEHI3 CYBIH aiaay, )KOHE COHBIH CAIAAPbIHAH KYObIPIApABbIH KOPPO3HLIBIK
OY3BUTYBI KepiHiC Ta0axbl. BHOKOPPO3ABI KO3ABIPATHIH OAKTCPHATAPABIH IMIIHACTI CH arpecCHBTICI — CyIb(aTThI
KambrHA Kenripymi oakrepusaaap (CKKB).

[Natimanany yHFBIMATAPBIHBIH KCHYKap MAaHBI AMMAFBIHBIH OTKI3TINITITIH APTTHIPY JKOHE aliay YHFbIMAIAPBIHBIH
KaOBUTIAFBIITHIFBIH KAKCAPTY YINIH KAabaTKa ocep €Ty OmICTEpiHiH Oipi — MHUKPO3IMYJIBbCHSIHBI ITAHNANAHy, al OJI,
oAeTTe KAadaTKA KAlTy TYpiHAC almanaasL.

Kazipri mpoOieMaHbIH ©3EKTLNIrH €CKEPE OTHIPHIT, HAMTEH KBIIKBLIBI TY3JAPBI, H3OMPOIHI CIHPTI, >KCHIT
Ta30M1 (PPaKIMACH KOHE TEXHHUKANBIK TuaparTanFal Gocdarma HeriziHAe MHKPOIMYJIBCHSI KACHETTCPIHE HE KOHE
Ka0aTTapaa eTeTiH TYPII MPOUCCTSPIe 9CCP CTCTIH KAHA OipiKTIPLITCH OAKTCPHINA-HHTHOUTOP 31 PACHAIL.

3epTXaHanblK KarJaiilapaa pPearcHTTIH HMHTHOWIMSIAYINBL JKOHE OAKTEPHUIMATIK KACHETTEPIH 3EpPTTEY
CTAaHAAPTTAPFA COHKEC HKY3ETE aCBHIPHLIIBL

3epTXaHaNbIK Kargaiapia MHTHOWTOPIIH THIMZILUITIH AHBIKTAY TPABUMETPISUIBIK OMICICH JKY3€re achl-
psuiasl. Pearentti aprypii kornenTpammaiapaa (100-600 Mr/m) cbHay KBIIKBLT >KOHE CUITLUIL OpTaja Kyprisiiii.
100-600 Mr/n KOHIEHTPALMACBIHAAFBI PEareHTTiH OakTepuumATik KacwertepiH aHsikray CKKP gaxeureiama sxyp-
rizinai. 3eprreymep 500 Mr/m OHTAMIBI KOHOCHTPALMACH KC3IHAC PCArCHTTIH KOPFaHBIM docepi — 94-96 %-mp1, an
CKKEB 0acy aopesxeci 99 %-np1 KyparaHbIH KOPCETTI.

3epTXaHaNblK JKaFaaiapaa pearcHTTiH TPl KOHICHTPAIIAPAAFbl MYHAIBIH TYTKBIPJIBIFBIHA KOHE MYHAH-
Fa ocepi 3eprrenai. PeareHTTiH OHTaHIbI KOHIEHTPAIMICH 500 Mr/m OosFaHIa, MYHAHIBIH AUHAMAKAIBIK TYTKBIP-
JBIFBI 3 €c¢ TOMCHACHI, Oy 67 %o-ap1 Kypatimel. KaOaTThIH KEILTiK MOACTIHAC KYPIi3UITCH 3¢PTTEY ISP O3IPICHTCH
MHKPO3MY IbCHSHBIH 10 %-IbIK KOHICHTPALH Ke31HAe KaOATTHIK CYAbI CATIbICTHIPMAIBI BIFBICTEIPY KO3((HUIMEHTIH
16 %-ra apTThIpaThIHBIH KepceTTi. by skarmaiina ere TYTKbIp MYHAWABIH PEONOTHSIBIK KACHETTEPl >KAKCAPBIIL,
SKBIHBICTHIH OCTIH CyIaHIBIPYFa OAMIAHBICTBL, MYHAHIBIH >KBIHBICIICH OAMIAHBICHI a3asabl, COHAal-ak Kadarra
MYHAHIBIH KBUDKY bl KAKCAPAIbI JKOHE MAHIANAHy YHFBIMAIAPBIHA AaH1ATATHIH CYABIH aFy bl A3asIbL.

CoHBIMEH, 3€PTXAHANBIK 3EPTTEYJICP PEArcHTTIH a3 KOHICHTPAIMAIAPIAFEl KOPPO3US HMHIHOHTOPHI PETIHAC
KOJIAAHBITYBl MYMKIH CKCHAITIH KOPCETTi, al >KOFAaphl KOHUCHTPALMIAP KE3iHAC >KbIHBICTAPIBIH OTKI3TIMITITiH
apTTHIPY €CeOIHCH MYHAH/IBIH KBICHLIY bIH BIHTATAHIBIPATIBL.

O3ipJICHICH PCATCHTTIH KACINTIK ChIHAFBI «buomanoar-Hegre» MI'Ob-1a KKC xyiiecinae xyprisingi. Amasr-
MCEH, MYHAHIBIH KbICBUIYBIH APTTHIPY KOHE KA0ATKA COKKBI J03aCBIMEH OAKTCPHIWATI OHJCY KYPridy YIIH pea-
reHTTiH 10 %-ObIK epiTiHAICIHIH (MHKPOAMYJIBCHAHBIH) 25 KEYEKTiK KeJeMi aianapl, coJaH KEHiH pearcHTTi
500 Mr/J1 5KyMBIC KOHIICHTPAUMSICHIHAA ali1ay >KaIFaCTBIPBIIIBL.

Kopposus >keriaaMapreiH aHbIKTay YiniH 1020 6onarraH skacaixFaH O0ar yiariiep YHFBIMAFA alAaIaThIH Cy Ibl
OCpCTiH CY OTKI3TITEPAC OPHATACKAH HHCPTTI MATCPHAIAAPAAH >KACAFAH KACCCTAIapPFa OPHATHLIIBL.

BakrepuIa-nHrHONTOPABIH, KOPFAHBIII CEPIH AHBIKTAY 3epTXaHaia 00JaT YITiIEePIiH MACCACBIHBIH YKOFAIY bl
OOBIHINA TPABIMETPISIBIK SiCTICH XKYPri3LLmi.

PeareHTTiH OAKTEPHUIMATIK KACHETTEPIH 3EPTTEYAC XUMISUIBIK KOHE MHKPOOHMOIOTHAIBIK TANAAY YIIIH Kabat-
THIK CY KaTap aJIbIH/IbL

Kocimmrinik cemakrap 500 MT/IT KOHICHTpAIIACH KE3iHAC, pearcHTTIH KopraHbim ocepi 90 %-mp1, an CKKbB
Oacy mopexeci — 97 %o-IBI KyparaHbIH KOPCCTTI.

CoHpaii-aK peareHTTIH oHIMl KabaTka ocepi HOTWXKECIHAC THICTI MYHAH ©HIIPY YHFBIMAIAPBIHIA MYHAH 6H-
aipy opramia ecemmeH 11 % - Fa apTKaHBIH aTam 6Ty Ka’keT.

Ocpinaifima, 93ipACHTCH Kem(yHKIMOHAIAR PCATCHT JKAJIBI KOHC MHKPOOHOTIOTHLIBIK kopposmamaHn KKC
JKYHECIHIH JKep acThl JKOHE YKEP YCTI MyHAH KOCIIMIIIT] >KaOAbIFBIH KOPFAY YINIH YCHIHBUIFAH. by perte peareHr
OYpFhLIAY, MYHAMIBI JKHHAY, KAOBITAAY JKOHE aifmay YuIiH 00JaT pe3epByapiapAsl malimanaHy Ke3iHae, COHmai-ak
KabaTTapaarbl MYHAHIBIH KBICBLTY bIH YKAKCAPTY YIMIH KOJJAHBLIY I MYMKIH.

Tyiiin ce3gep: KOppo3wA, OAKTCPHUIHATI WHTHOWTOP, KOPFAHBIC ACHTeli, 0acy Iopeskeci, MyHaH eHTIpyIi
apTTHIPY, KA0aTThI KbICBIMBIH CYHEMENICY .

K. A. Mamenor!, H. C. TCavuponal, C. T. Anmen?

ISOCAR, HUTTM «Hedreras», Baky, AzepGalimkan;
2«SOCAR Midstream Operations» LTD, Baky, Aszepbaiimkan

PAZPABOTKA MHOTI'O®YHKIIMOHAJTBHOI'O HHT'HBUTOPA KOPPO3HH,
OBJAJAIOHIETI'O CBOUCTBAMUA MUKPOSMYJbCHHA

Annoramus, OTHEM W3 JOMAHHPYIOIHX MCTOA0B BO3ICHCTBHA HA MIACT, MPUMCHACMBIX HA MCCTOPOKICHUIX
AsepOaiimkana, ocTacTcsa noaaep:kanue miacroporo gasneHus (I11]]) 3axa4vkoif B miacT BOABI YCPe3 CHCTCMY Ha-
THCTATCITFHBIX CKBAKUH. OCHOBHOW MPHUIHHOM MoBpekacHIH B cucteMe [1I1/] ABIIeTCS KOPPO3HOHHOS Pa3pyICHHS
TpyOOIPOBOAOB BCICACTBHE HATHETAHMA MOPCKOI BOIBI O€3 MPEABAPHTCILHON CTCPHIM3ALMH, KOTOPOEC BBI3BIBACT

— ) ——



ISSN 2224-5278 Series of Geology and Technical Sciences. 1. 2020

MHKPOOHOJIOTHICCKYIO KOppo3mro. Hambomee arpecCHBHBIMH Cpean OakTepHil, CTHMYJIHPYIOIIHX OHOKOPPO3HIO,
ABILTIOTCA CyIb(aTBoccTaHaBmHBaromue oaxrepnu (CBB).

OxHuUM W3 METOAOB BO3ACHCTBHS HA IIACT A MOBBIMCHWS MPOHHIACMOCTH HMPU3a00HHON 30HBI SKCILIya-
TAIIMOHHBIX CKBAXXWH WM YJYUIICHUS IPHEMHCTOCTH HATHETATCIBbHBIX CKBAKUH SABILICTCS HCIIOIB30BAHHEC MHKPO-
3MY JIbCHH, KOTOPAs OOBIMHO 3aKAUMBACTCS B IIJIACT B BUC OTOPOUKH.

YuuTHIBAS AKTYAIBHOCTD CYIICCTBYIOIICH IMTPOOIEMBI, HA OCHOBE COJICH HA(TEHOBBIX KHCIIOT, H30MPOIHIOBOTO
CIHPTA, JICTKOH Ta30WICBOH (DpPaKIMK U TEXHHYECKOTO THAPATHPOBAHHOTO (ocdarnaa pa3padoTaH HOBBIH KOMOU-
HUPOBAHHBIM OAKTCPULIMIA-HHTHOUTOP, OOJIAJAroIMi CBOMCTBAMH MHKPOSMYJIbCHH W OKA3bIBAIOIIMH BIIIHUC HA
Pa3M4HBIE MPOIIECCHI, MPOTEKAOIIHE B IJIACTAX.

WzyueHre nHrHOMpPYIOMUX U OAKTEPUIMIHBIX CBOHCTB PEarcHTa B J1a0OPATOPHBIX YCIOBHAX OCYIIECTBILIOCH
COTJIACHO CTAHAAPTaM.

Onpeneneane 3pPekTHBHOCTH HHTHOUTOPA B JAOOPATOPHBIX YCIOBHUAX OCYHIECTBIBUIOCH TPABUMETPUUICCKUM
MeToaoM. VcmeITanug pearcHTa B pa3sTuIHBIX KOHICHTpanmax (100-600 Mr/m) mpoBOIWIH B KHCIIBIX M IICTIOTHBIX
cpeaax. OmnpeaencHue OaKTEPUIMIHBIX CBOMCTB peareHTa B KoHueHTpanuu 100-600 Mr/1 mpoBoaAnIOoCh Ha KyJIBTYpPE
CBb. HccnenoaHus NMOKazaid, YTO HMPH ONTHMAIbHOH KOHUEHTpaumu 500 Mr/m 3amutHbIM 3(QeKT pearcHTa
coctaBui 94-96%, a crencus nogasiacHus CBB -99%.

B naGopaTtopHbIX YCIOBHIX M3Y4aJOCh TAKKE BIMSHHC PEArcHTA B PA3IMYHBIX KOHIECHTPAIWSIX HA BI3KOCTH
He(TH ¥ He(TeBBHITECHEHHE. [IpH ONTUMANBbHON KOHIEHTpanuu pearcHra 500 Mr/1 fuHaMHUYECKas BSI3KOCTh Herh
CHW)KACTCH B 3 pa3a, uro coctaBmaet 67%. HMccaenoBaHms, MPOBECACHHBIC HA THHCHHON MOJIC/IH IIACTA TMOKA3AIH,
YTO pa3paboTaHHAT MHUKPOIMYIbCHA mpH 10% KOHICHTpanuwm yBSTHIMBACT KO3()(HIUCHT BBHITCCHCHHA OTHOCH-
TEIHHO TUIACTOBOH BOABI HA 16%. 3TO MPOHUCXOIUT 3a CUCT TOTO, UTO YIYUINAIOTCS PCOJOTHUCCKAC CBOUCTBA BBICO-
KOBSI3KOH HE(DTH, YMECHBIIIACTCS CBSI3b HE()TH C TOPOJOH B CBSA3HM CO CMAYMBAHHMEM IIOBEPXHOCTH IOPOJBI, a TAKKE
VIAYYIIACTCSl MPOJABIKCHAE HE(TH B IDIACTE M YMCHBIICHHE IMPOPHIBA 3aKAYMBACMOH BOJBI K KCILTYaTAIHOHHBIM
CKBA)KHHAM.

Wraxk, maboparopHble HCCIEAOBAHUS MOKA3AIH, YTO PEATCHT B MAJBIX KOHIICHTPAIMSIX MOKET MCIOIb30BATHCS
KaK MHTHOWUTOP KOPPO3WH, a MPH BHICOKMX KOHICHTPAIAX CTHMYJIHPYET HE(TEBBITECHCHHC 3 CUCT yBEIMYCHHUS
TIPOHUIIAEMOCTH IIOPO/.

ITpombicioBEIe MCTBITAHUS pa3paboTaHHO0TO pearcHTa mposoamuch B cucreme [1I1J] 8 HI'TY "bubnaiibar-
He(Th". CHAUana 11 MOBBIICHUS HC(TCBHITCCHCHHUA H MPOBCACHHSA OAKTCPHIHAHON 0OpabOTKH MIacTa yIapHOM
JI030H OBLTO 3aKadcHO 25 MOpoBBIX 00BeMOB 10% pacTBOpa pearcHTa (MHKPOAMYJBCHH), 4 3aTEM MPOJOJDKCHA
3aKAYKa PCATCHTA YKe B pabouci koHneHTparmu 500 Mr/in

JUta ompencncHUA CKOPOCTH KOPPO3HH CTANBHBIC 00pasumbl-CBHACTSTH W3 cramu 1020 yCTaHABIHBATHCH B
KacCeTax M3 HHEPTHBIX MAaTEPHANIOB, PACTIONOXCHHBIX B BOJIOBOAAX, ITOJAFOIUX HATHETACMYIO BOIY B CKBAKIHY .

OnpeacieHne 3aIMUTHOTO ACHCTBHA OAKTCPHUIIHI-HHTHOUTOPA MPOBOAHIOCH B JTA0OPATOPHH TPABHMCTPHUCC-
KHM METOJOM IO TIOTEPE MACCHI CTANBHBIX 00PA3IIOB.

Jnst m3ydeHns OaKTepHIMIHBIX CBOWCTB PEarcHTa MapajicabHO ObLIa B3ATA IIACTOBAA BOJA I XHMHICCKOTO
¥ MHKPOOHOJIOTHYECKOTO AHATN30B.

[TpoMBICITIOBBIC UCTIBITAHMS TOKA3AIH, UTO 3aIUTHBIH 3((EeKT peareHTa npu KoHIEeHTpanuu 500 Mr/iI cocTaBuil
90%, a crenenb mogasiacHus CBB - 97%.

Heo0xoauMo Takke OTMETHTBH, YTO B PE3YJIbTATE BOZJACHCTBHS PEarcHTa HA MPOAYKTHBHBIN IIACT JOOBMA
HE()TH B COOTBETCTBYOIIMX HE(PTETOOBIBAIOIINX CKBAYKHHAX YBEININIACH B cpeHeM Ha 11% .

Takum 00pazoM, pa3paboTaHHBIH MHOTO(Y HKIIHOHAILHBIH PEAreHT PEKOMECHIOBAH I 3aIIUTHI TIOJA3EMHOTO H
HA3EMHOTO HE(PTEIPOMBICTIOBOTO 000pyaoBaHusa cucteMsl [II1/] ot 00meit u MukpoOHOIOTHICCKOH Kopposun. [Tpn
3TOM PEarcHT MOKET HAWTH MPUMCHEHHE ITPH Oy PEHHH, SKCIUTY aTalliK CTAJIbHBIX PE3ePBYapoB Al cOOpa, mpueMa u
OTKA4KH HE(TH, a TAKKE AT YIIyUIICHI HE(PTEBHITECHCHNUS B TUIACTAX.

KimoueBnie ciioBa: Koppo3uu, OaKTCPHIMIHBIN HHTHONTOP, CTEICHb 3AINUTHI, CTCTICHb IOJABICHHUS, VBEIIH-
YeHHE JOOBMHU HEPTH, MOJNEPKAHHUCE IIACTOBOTO AABICHUS.
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