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Annotation

Main problem: Presence of acidic chemicals such as carbon dioxide and hydrogen sulphide,
composition of production fluids triggers corrosion. Corrosion in oil and gas industry leads to deterioration of
equipment since most of equipment is made of metal alloys. Application of inhibitors is one of the corrosion
mitigation methods that needs to be controlled because it is important to identify optimal concentration of the
chemicals in production fluids.Residual chemical analysis plays an important rolein identifying the appropriate
dosage of corrosion inhibitors and its correction. It is imperative to find the most optimal concentration of
amines due to the fact that both overdose and underdose could lead to equipment deterioration. The chemical
analysis is hindered by complexity of mixtures that are applied in petroleum industry.

Purpose: The main purpose of this article is to find out the most effective method of residual chemical
analysis for inhibitors used against sweet and sour corrosion by studying and analyzing corresponding literature
review. The analysis should be carried out with robust, sensitive, and accurate instrumentation.

Methods :Theoretical study of composition and mechanism of amines used in oil and gas industry as
corrosion inhibitors and selection of appropriate instrumental analytical techniques for the residual analysis.

Results and their importance: After careful studying and consideration of modern instrumental
analytical techniques the most optimal and efficient method in terms of robustness, time saving and cost was
selected. lon chromatography is an adequate method to carry out residual chemical analysis for amines that are
used as inhibitors in oil and gas industry to prevent sweet and sour corrosion.

Keywords: corrosion, oil and gas industry, residual analysis, sweet corrosion, sour corrosion, inhibitors,
amines.

Introduction

One of the major problems of Qil and Gas industry is corrosion of the equipment used in this field.
Schweitzer defines corrosion as deterioration of metal «by other than mechanical means» as a result of
«chemical or electrochemical reaction with its environment» [1].Materials made of metal, usually carbon steel,
are widely used in the industry in both downstream and upstream operations.Therefore, corrosion accompanies
all activities such as drilling, production, transportation, processing, and refinery. Kermani and Harropclaim that
corrosion causes 25% of all failures in petroleum production field [2]. Corrosive failure poses a serious threat to
Oil and Gas production process not only in terms of financial loses but also in terms of a potential reason for
environmental pollution. According to The National Physical Laboratory, 6,4% of all toxic materials are released
to the environment due to corrosive failure of pipelines [3].

A common approach of corrosion scientists and engineers is to understand mechanism of the chemical
reactions that lead to metal destruction. This enables to find ways of corrosion prevention and monitoring.
Processes involved in Oil and Gas production are becoming more sophisticated and advanced. Meanwhile,
factors contributing to corrosion issues are becoming more severe as well. Thus, corrosion is likely to remain on
the highest position of troublesome difficulties of petroleum production. This article highlights corrosion caused
by hydrogen sulphide and carbon dioxide that is the most common types of failure in Oil and gas industry.
Typical chemicals, such as volatile amines and alkanolamines, used to prevent and slow down the process and
residual chemical analysis as a method of corrosion monitoring program are discussed as well.

Apart from oxygen, the other two dissolved gases that induce corrosion are carbon dioxide (CO,) and
hydrogen sulphide (H,S). Presence of carbon dioxide gas results in the acidification of water, thus, lowers the pH
and supplies more hydrogen ions for the cathodic reaction.

CO, + H,0 5 H,CO,
H,CO3 5 H* + HCO4
HCO;'5 H* + COz%>

The type of corrosion attributed to the influence of carbon dioxide is called«sweet» corrosion. It is
usually associated with pitting. In addition, light carboxylic acids that form as by-products usually worsen the
situation by affecting the corrosion rate and making it faster. Formation water may contain some minerals that
give properties of a buffer solution and prevent pH reduction.
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The solubility of carbon dioxide and hence its negative effect depend on several factors, such as
composition of water, temperature, and pressure. The solubility is directly proportional to pressure, and inversely
proportional to temperature; i.e. carbon dioxide has higher solubility at high pressure and low temperature.
Partial pressure of carbon dioxide can be used as an indicator of corrosiveness. For instance, if it exceeds 30 psi,
corrosion will take place. If it is between 3 and 30 psi, corrosion is likely to occur; and the partial pressure below
3 psi is not dangerous in terms of corrosiveness.

Hydrogen sulphide does not possess corrosive properties by itself. However, hydrogen sulphide gas has
high solubility in water which results in acidification and subsequent destruction of metal called «sour»
corrosion. H,S reacts with metals forming sulphides that are deposited on the surface as a black scale. In case of
iron it causes additional problems because iron sulphide acts as a cathode to the iron. This results in pitting under
the scale due to accumulation of favourable for corrosion conditions in a limited area. Also, «sour» corrosion is
also accompanied with sulphide cracking and hydrogen induced failures like blistering and embrittlement. In the
H,S free environment, hydrogen atoms generated from the cathodic reaction collect on the metal surface.
Usually it rapidly combines into hydrogen molecules that are too big to penetrate the metal and causes no harm.
Presence of some substances like sulphide ions, phosphorus, arsenic compounds makes hydrogen atoms enter the
metal and form hydrogen molecules inside it. This results in hydrogen induced failures of the metal.

Materials and methods

Analysis of scientific and methodological literature was taken as a basis of the study. The comparative
analysis was chosen as the main method — to identify the most optimal parameters of instrumental analytical
techniques for residual chemical analysis of amines in oil and gas industry.

Results

It is generally known that presence of water in the environment causes processes of corrosion.
However, if water is not acidic, i.e. pH>7, and free from hydrogen sulphide and carbon dioxide, it is considered
to be non-corrosive for the petroleum production equipment. Also, in some cases hydrogen sulphide and carbon
dioxideare not dangerous for the equipment if they are not dissolved in water.

So-called sweet corrosion is caused by carbon dioxide which makes water more acidic and, hence,
aggressive when dissolves in it. In addition, formed carbonic acid oxidises iron and other metals.Effects of
carbon dioxide on corrosive processes depend on several parameters. For example, in a condition of elevated
temperaturescarbon dioxide dissolves less but high temperature can accelerate natural corrosion of metal as well.
Oilfield waters have ability to keep pH at high enough level and reduce acidic effect of the dissolved gas.
Formation of scales like CaCO5 and CaSO, can be a sort of physical barrier for corrosive attacks if they produce
solid, strong, uniform, and impermeable layers. However, if there are any breaks on the surface of the scale,
corrosion will take place under the layers. According to Marcus and Mansfeld, one can distinguish corrosion
caused by carbon dioxide«by the presence of smooth edged pits that are closely grouped» [4].

Hydrogen sulphide gas causes sour corrosion. Its effect on corrosive failure has the same mechanism as
CO, but hydrogen sulphide is consideredmore aggressive. According to Schweitzer, pits that located relatively
far from each other are characteristic for sour corrosion [1; 23]. Also, there is a probability of formation
hydrogen as a result of cathodic reaction. It worsens the situation and may lead to further processes, such as
cracking, blistering, and embrittlement. Blistering usually occurs when lower strength steels are employed
because hydrogen gas pressuremakes metal structure weaker and ruptures can appear.On the other hand, high
strength steel suffers from embrittlement due to its toughness which makes it more prone to cracking under
physical stress. It is obvious that hydrogen induced corrosive processes are more dangerous than failures caused
by H,S itself. According to Akzo Nobel Surfactant, «hydrogen-induced failures can also be caused by sweet
corrosion but it is more often associated with sour corrosion» [5].

Surprisingly, alkanolamines that widely used to remove acid compounds like hydrogen sulphide and
carbon dioxide from the gas streams can be a reason themselves for corrosion of equipment. For example,
Rennie claims that methanolamine (MEA) has been reported to be responsible for stress corrosion cracking
failure.This type of corrosion is a result of two affecting factors: presence of corrosive environment and
continuous stress either internal or external. According to Rennie,stress corrosion crackingcannot be attributed
only to methanolamine by itself. The corrosion is promoted when the system is oversaturated by carbon dioxide
[6]. If hydrogen sulphide ratio to carbon dioxide is large the corrosive failure is being slowed down due to
suppression of active-passive transition. DuPart, Bacon, and Edwards state that stress corrosion cracking
processes can be preventedby using methyl diethanolamineinstead of methanolamine for the gas treatment and
apply stress relieving for welded equipments [7].

Corrosion inhibitors are chemical substances which are added to a corrodent, i.e. steam, acids, and
cooling waters, in order to prevent corrosive failure of equipment and slow down reactions causing the process.
Jones expresses importance of the role of chemical inhibitors by calling these compounds«the first line of
defence against corrosion on the oil industry» [8]. The examples of preferentially water soluble inhibitors are
quaternary amines, amine salts, and salted imidazolines. Inhibitors that are preferentially oil soluble are primary
amines, phosphate esters, fatty acids, and imidazolines. Inhibitors that are soluble in oil and dispersible in water
are used with special additives which help to transport the active ingredients to the wet metal surface, hence,
improve their dispersibility. Inhibitor formulations vary depending on field conditions, fluid composition, and
flow and the inhibitor compatibility with other chemicals and compounds must be checked. The example of
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inappropriate use of an inhibitor can be fatty acids employed for fields with high content of calcium. In this case,
calcium ions will form insoluble salts with fatty acids and precipitate creating more problems.

Amines belong to the organic cationic class of inhibitors widely used in petroleum production as potent
agents for slowing down corrosion caused by hydrogen sulphide and carbon dioxide. They are adsorbed on the
surface of metal and form protective film.There are three factors that affect film desorption into fluids contacting
the metal and subsequent loss. They are time, temperature, and concentration of inhibitors in the solution. In gas
production equipment the protective film usually remains longer than for oil production wells due to the fact that
liquids are less transported.

One type of amine based inhibitors widely used in petroleum production are amines with short or cyclic
chains or so called neutralising amines are used in oxygen free environment and especially effective for gas
production due to their volatility. If the system that requires corrosion protection is closed and contains mainly
steam or gas phase, volatile corrosion inhibitors (VCI) are frequently used. Morpholine and salts of low mass
straight chain or cyclic structured amines are considered to be vapour phase inhibitors. The main disadvantage of
VCl is a relatively thin protective film due to absence of solvated oil molecules. Therefore, the inhibitor must be
supplied on a continuous basis. The fact that these inhibitors are not solvated by other oil molecules makes the
protective film thinner than in case of inhibitors with long hydrocarbon chain. Therefore, volatile inhibitors
should be continuously supplied with the stream. Steam volatile amines are utilised in order to protect
condensate systems from carbon dioxidecorrosion which is also referred as carbonic acid corrosion in some
bibliography. During this type of corrosion the metal undergoes chemical dissolution by the acid and is collected
at places where condensate usually gets trapped. Neutralising amines can suppress corrosion processes caused by
acid environment, i.e. carbon dioxide corrosion, due to their basic properties. According to Moiseeve and
Rashevskaya, typical representatives of this type of chemicals are morpholine, cyclohexylamine, and 2-
mercaptobenzothiazole.Mechanism of inhibition of neutralising amines is based on the adsorption of formed
amine cations to the surface of metal. This process reduces the reactivity of the system, and their occupation of
part of the surface of the metal decreases the current needed to passivate that surface [9].

Another type of amines employed in Qil and gas industry is alkanolamines, which are used in order to
clean gas streams from hydrogen sulphide and carbon dioxide. These are primary, secondary, or tertiary low
mass alkanolamines. According to Gonzalez-Barba and Spagnuolo, typical examples for these agents are
monomethanolamine (MEA), diethanolamine (DEA), methyldiethanolamine (MDEA), triethanolamine (TEA),
and monomethylethanolamine (MMEA) [10]. These chemicalsare considered to be reactant corrosion inhibitors
and interact with H,S and CO, through very complex exothermal reactions. Renniegives simplified forms of
these reactions as follows [6; 129]:

st + RzNH «——> 1{2NH2+ + HS_
C02 + RzNH «——> RzNH2+ + RzNCOO_

Different analytical techniques are widely used in order to collect information related to the corrosion
protection. One of these methods is the analysis of residual corrosion inhibitor concentrations. According to
Fortenberry, the residual methods have the advantage of speed, sensitivity, ease of setup and low cost.The
corrosion rate and amount of the inhibitor in the water phase are strongly connected with each other. It is
imperative to accurately measure residual concentrations in situations when the amount of aqueous phase is
difficult to predict or it changes constantly.Pipelines transporting wet gas are prime examples of these kinds of
systems [11].1t is impossible to use corrosion monitoring methods that involves probes and coupons at low levels
which are considered to be areas where the most deteriorating corrosive failure happens. Therefore, it is
recommended to apply analysis of residual inhibitor concentrations for these situations. Another case where
alternative methods fall to give adequate results involves multiphase pipelines that transport both oil and water.
Linear polarisation techniques are useless for the given case because the system is not free from oil. On the other
hand, methods ofelectrical resistance probes and weight loss coupons can be excellent alternatives to measure
corrosion rate. However, these techniques take comparatively long time to be exposed to the pipeline fluids.
According to Marcus and Mansfeld, claims that short exposure times for corrosion coupons cause erroneous
results and suggests a minimum of 15 days [4; 56]. These factors make other methods less efficient than analysis
of residual inhibitor concentrations.

Multiphase systems which contain both oil and water are frequently present in petroleum production.
When applied to the system, amine inhibitors are distributedinto hydrocarbon, aqueous phases and solid phaseto
the different extent.Due to the fact that corrosive failure usually happens on water wetted metal surface, one can
judge about the effectiveness of the chemical inhibitorby its ability to partition into the water phase and
subsequently be in a direct contact with equipment wall. The presence of solid particles in the system can cause
several problems, such as creating a physical barrier for inhibitors to reach the pipe walls and consuming active
parts of chemicals by adsorption mechanism with consequent loss of the inhibitors. Also, solids are considered to
be extra place for bacteria to reproduce and grow. Therefore, knowledge of the partitioning of inhibitors into
hydrocarbon, aqueous, and solid phases gives opportunity to determine necessary amount of the chemicals for
protection. According toAchour, Blumer, and Johlman,before analysing for the inhibitor residuals in the
samples, the active components of the inhibitor should be identifiedand quantified using LC/ESI-MS [12]. After
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obtaining the information regarding to the individual species, each constituent components should be measured
in the samples collected from the outlet of the pipeline. Observation of the inhibitor concentrationin the sample
enables to determine whether the chemical is being carried along the pipe. If the active parts are absent within
water phase, it indicates underdose due to total utilisation or loses through trapping. The purpose of the residual
inhibitorconcentration analysis is to detect a certain trend or consistency in residual values. In addition, situations
where extremely high concentrations or absolute absence of the inhibitors is detected should be carefully studied
and evaluated because it is a direct indication that corrosion protection system is not valid.

There are numerous methods for corrosion inhibitor quantification that are based on separation
techniques. For example, Son reports about the use of ion chromatography for ionic inhibitors like phosphonates
and quats. If mass spectrometer (MS) is employed as a detector for IC, it is even possible to differentiate
between individual components of ionic inhibitors [13]. It is done because usually commercial inhibitors are not
pure chemicals; they can include several members of one homologous series. Gas chromatography (GC) coupled
with MS is another method for simultaneous qualitative and quantitative analysis. The study of Gough,
Mothershaw, and Byrne is devoted to GC/MS analysis of quats. The method incorporates addition of internal
standards and sample preparation by solid phase extraction (SPE). GC/MS has benefits over other analytical
methods in terms of low limit of detection (less than 1 ppm) and ability to separate and differentiate between
compounds with similar structure but with different degree of branching [14].

High performance liquid chromatography (HPLC) coupled with fluorescence or UV-absorbance
detector is another separation technique which was reported to be successful for corrosion inhibitor analysis. Son
and Chakravarty developed method for the analysis of quaternary ammonium salts and compared the two
mentioned detectors. The procedure involves isocratic flow of polar mobile phase and non-polar stationary
phase. Fluorescence detector showed better performance in terms of less sensitivity for interferences. The HPLC
procedure usually involves an extensive sample preparation step, such as SPE [15]. The last but not least
instrumental chromatographic method for corrosion inhibitors quantification is liquid chromatography coupled
with mass spectroscopy (LC/MS). Achour, Joulman and Blumer reported the use of the method for partitioning
studies of the inhibitors. The instrumentation was equipped with electrospray ionisation (ESI) and operated in a
positive ion mode. The analysis of the inhibitors was performed for both aqueous and oil phases. The procedure
included SPE, calibration of the instrument, and characterisation of active groups of the inhibitor formulation.
The LC/MS method was proven to be adequate for accurate quantification and is appropriate to be used for
residual analysis [12;355]. However, it should be kept in mind, that GC/MS and LC/MS are not field
instrumentations and require skilled laboratory technicians.

Discussion

As it was mentioned before, the article discusses the method of residual concentrationof amine
inhibitors, such as alkanolamines and volatile amines. These amines have short aliphatic or cyclic hydrocarbon
chain, and usually analysed by ion chromatography (IC). Kadnar’s study was devoted to the analysis of low
molecular mass alkanolamines and some volatile amines. Typical instrumentation for the analysis includes the
ion chromatographic system with a conductivity detector and an integrator. Chemical micro membrane
suppression system was used in Kadnar’s study in order to reduce background noise and save the detector from
deterioration. It is achieved by retaining ions of high conductivity. Two types of columns were employed for the
analysis. An analytical column separates amines according to their affinity, and a guard column retains insoluble
compounds and different impurities from the sample.Typical reagents utilised in the given experiment are
tetrabutylammonium hydroxide (TBAOH) as a solution for the suppressor regeneration, hydrochloric acid as the
eluent or mobile phase, standard solutions of amines for plotting calibration curve, and deionised water for the
dilution. If chemical self-regeneration columns (CSRC) are used, it is advisable to utilise sulphuric acid as the
eluent. Sample preparation step includes filtration of the sample in order to remove solids. Also, dilution with
deionised water should be done where it is necessary to make surethatamines concentrations are within
calibration scale [16].

The described system is able to separate some amines, alkali, and alkali earth metals. lon
chromatography can be appliedfor determination of some ethanolamines or short chain aliphatic amines in
aqueous solution with low salinity level and steam condensates. Sometimes problems can appear when some
amines have very similar retention times with alkali ions. In this case, it is advisable to change concentration of
the mobile phase and try other columns for separation. Similarly, high salinity level can interfere with the
analysis in the way that retention times and peak areas will be altered. The solution for this problem is careful
matrix matching of standard solutions. Also, presence of alkali earth metals, such as calcium and magnesium,
can deteriorate results. Due to relatively long retention times of calcium and magnium ions, broad irrelevant
peaks can appear at the subsequent run and baseline drift is likely to happen. A step gradient program is useful to
minimise analytical problems if amines should be determined in water samples.

Another application of IC is based on the analysis of steam volatile amine inhibitors. These amines are
usually determined from condensate samples. The fact that alkaline earth metals are absent in steam condensate
makes possible to have less problems during the analysis.Gilbert, Rioux, and Saheb state that hydrazineis
introduced to the system together with volatile amines in order to remove dissolved oxygen and passivate metal
surfaces. Mentioned compounds usually undergo chemical decomposition, especially during conditions of steam
condensate systems with high temperature and pressure. The main product of the decomposition is
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ammonia.Quantification of these additives and ammonia is an essential step in determining the appropriate
amounts to use for maximum protection. IC has proven to be sensitive and reliable technique which shows
satisfactory resolution and good linearity for determination of volatile amines and other additives.Interference
from other constituents were not observed which shows highly reliable results According to their study, IC is
able to provide limit of detection for morpoholine and cyclohexylamine 0,1 ppm, and for hydrazine and
ammonia 0,001 ppm [17].

Conclusion

Presence ofhydrogen sulphide and carbon dioxide are two main causes of corrosion in oil and gas
industry. Amines, which belong to cationic organic inhibitors, are commonly used to prevent and reduce
corrosive failure of the equipment. Numerals amines and their derivatives are applied for different cases
according to variable properties which depend on the structural features. Cyclic amines are utilised for gas
systems due to their volatility and film forming abilities. Alkanolamines, on the other hand, are used as a H,S
and CO, scavengers in gas processing plants. Residual chemical analysis of inhibitors is a method of corrosion
monitoring which helps to identify appropriate dosage for chemicals. lon chromatography is an adequate,
sensitive, and reliable technique for determination of concentrations of volatile amines and alkanolamines.

REFERENCE

1 Schweitzer, P.A. (1987). What every engineer should know about corrosion / P.A. Schweitzer. — New York:
Dekker.

2 Kermani, M.B., Harrop, D. (1996). The Impact of Corrosion on Oil and Gas Industry// SPE Production &
Facilities Journal. - Vol.11 (Issue 3), Ne 11(3). - pp. 186-190.

3 The National Physical Laboratory (2007). Corrosion in the Oil and gas industry / The National Physical
Laboratory. —Teddington: HPL.

4 Marcus, P. (2005). Analytical methods in corrosion science and engineering / P. Marcus, F. Mansfeld. — Boca
Raton: CRC Press.

5 Akzo Nobel Surfactants (2006). Corrosion inhibitors for oilfield production / Akzo Nobel Surfactants. —
Morris, USA: Akzo Nobel Surfactants.

6 Rennie, S. (2006). Corrosion and materials selection for amine services// Materials forum Journal. — Vol.30
(Issue 1), Ne30(1). — pp. 126-130.

7 Dupart, M.S., Bacon, T.R., Edwards, D.J. (1993).Uderstanding corrosion in alkanolamine gas treating plants//
Hydrocarbon processing Journal. — Vol.72 (Issue 5), Ne 72(5). — pp. 75-80.

8 Jones, L.W. (1992). Corrosion and water technology for petroleum producers / L.W. Jones. — London: Oil &
Gas Consultants International.

9 Moiseeva, L.S., Rashevskaya, N.S. (2001). Providing protection against carbonic-acid corrosion for equipment
in the oil-and-gas and chemical industries// Journal of Chemical and Petroleum engineering. — Vol. 37 (Issue 1-
2), Ne 37(1-2). — pp. 54-59.

10 Gonzalez-barba, M.L. Spagnuolo, L. (2007). Corrosion mitigation strategies for amine gas treating plants /
Corrosion management in gas processing facilities seminar. — pp. 65-75.

11Fortenberry, Jr.C.L. (1993). Analysis of residual corrosion inhibitors in oilfield brines / SPE Annual Technical
Conference and Exhibition. — pp. 965-979.

12Achour, M., Johlman, C., Blumer, D. (2008). Understanding the Corrosion Inhibitor Partitioning in Qil and
Gas Pipelines / The Abu Dhabi International Petroleum Exhibition and Conference. — pp. 350-360.

13 Son, A.J. (2007). Developments in the laboratory evaluation of corrosion inhibitors: A Review / Proceedings
of the Corrosion Conference. — pp. 165-187.

14 Gough, M., Mothershaw, R., Byrne, N. (1998). Molecular Monitoring of Residual Corrosion Inhibitor
Actives in Oilfield Fluids: Implications for Inhibitor Performance / Proceedings of the Corrosion’
98 Conference. — P. 301-312

15 Son, A.J., Chakravarty, D. (1996). Analysis of residual corrosion inhibitors by Fluorescence and Ultraviolet
spectrophotometry / Proceedings of the Corrosion Conference. — pp. 265-287.

16 Kadnar, R. (1999). Determination of amines used in the oil and gas industry (upstream sections) by ion
chromatography// Journal of chromatography. — Vol. 850 (Issue 1-2), Ne 850(1-2). — pp. 289-295.

17 Gilbert, R., Rioux, T., Saheb, S.E. (1994).lon chromatographic determination of morpholine and
cyclohexylamine in aqueous solutions containing ammonia and hydrazine// Journal of Analytical Chemistry.—
Vol.56 (Issue 1), Ne 56 (1). — pp. 106-1009.

K.C. KacenoBa
WunoBanusibik Eypasus yauBepeuteti, Kazakcran

Koppo3usi HHTUOUTOPBI peTiHAe KOJIAHbLIATHLIH AMUH/IEPAiH XUMHUSJIBIK aHATU3I

KeMipKpIIKBUT Ta3bl KOHE KYKIPTCYTEKTiH OCEpiHEH OHIIpicTe KOJNIAHBUIATHIH >KaOBIKTAP.IBIH
KOppO3MsACHl epmM Tyceai. MyHail jkoHe ra3 eHIIpiCiHAE KOppo3usi kaOAbIKTap MEH caiiMaHJapAblH iCTeH



114 HUunosayusnwix Eypasus yuusepcumeminiy Xabapuwicol. 2020. Ne 4 1SSN 2709-3077

HIBIFYBIHA OKeliei, ce0eOi onap kebiHece MeTanaap OalKbIMalapblHAH KacalFaH. IHrHOUTOpIaapasl KONJaHy
KOppO3usiFa Kapchl MapaiapiabiH Oipi 00Nk TaOBLIambl, Oipak OHBIH KOHIIEHTPAIMSACHIH MIHICTTI TypIe
XUMHSUIBIK caparnTamMa apKbUIbl Oakpulall Typy KakeT. MHruOMTOPIBIH KajIbIK KOHIEHTPALMSACHIH aHBIKTAY
XAMUSUITBIK aTeHTTiH TYPBIC JO3aChIH ecenTteyae 0acThl pelr aTkapaibl. AMHHACPAIH €H THIM/I KOHIETPAIlUsACHH
Taby aca MaHBI3ABL, ce0ebi OHBIH THIM KOIl MOIIIepi, He JKETiCTIeyNIUTiri *KaOapIKTEIH ICTEH MIBIFYBIHA OKEJeI.
XUMISUTBIK ~ capamaTaMaHBl JKYPTidy MyHal eHIipy callaChIHAAFbl XWUMIBUIBIK KOCHAHBIH KYpHENiIiriMeH
epKILeJICHEe 1.

Ocbl MakanaHblH 0acTbl MakcaThl -KOJJarbl Oap o1eOHeTTi 3aepTTey apKbUIBI «TOTTI» JKOHE «alllbD)
KOppO3UsIMEH Kypecyre KoMEKTECeTiH aMUHJIECPAIH KalJIblK XUMUSUIBIK capanTaMaHblH €H THIMII 9IiCiH Taly.
Capanrama Oepik, ce3iMTal, Jol Kypaija >Kyprizityl tuic. ['a3asl eHAipy YIIIH KOFapbl YIIKBIII KOPPO3HS
MHTHOUTOpNApBI, all MYHall ©HAIpY YIUIH MOJIEKYJajbIK Maccachl KOFapbhl areHTTep KOJIJaHbLIATHIHIBIFBIH
eckepy KaxkeT. COHIBIKTaH ra3-KeH OpHBI YIIIH KbICKa KOMIpCYTEKTi Ti30eri Oap Hemece HUKIIIK KYPBUIBIMBI
6ap aMuHIEp, aJl MyHail KeH OpHBI YIIIiH Y36IH KOMIPCYTEK paIuKaibl Oap aMHHIED aTbIHAIBL.

MyHaii )xoHE Ta3 eHAIpy cajacblHIa KOPPO3WsS WHTHOUTOPIAPHl PETiHAE KOJNAHBIIATHIH aMUHACPIIH
KYPaMBIH )KOHE MEXaHU3MIiH TEOPUSUIBIK TYPIAE 3ePTTEH OTHIPBIN, XUMHSIBIK capanaraMa YIIiH 3aMaHyd THiCTi
aCTAaNTHIK TalIAy OHICTEPiH CAIBICTHIPA OTHIPHIN, aMUHICPIIH KOHIICHTPANUSACHH aHBIKTANBITHIH €H THIMIICIH
TaHZAy.

Kazipri 3amanfbl acmamaThlK Tajmay oONICTepiH MYKHUSAT 3epleneyneH KeiliH, CeHIMIITIK, YaKbITTHI
yHeMmzey, Oarachl )KaFbIHAH €H THIMJI 9/1icTi TaHaanabl. MoHael xpoMarorpadust KyYKipcyTeK IeH KOMipKbIIIKbLT
ras3bl TyIbIPaThlH KOPPO3MsFa Kapchl MaijajJaHblIaThIH aMUHIEPAIH XUMUSUIBIK capanaTrMachl YIIiH €H THiMAI
onic 6oJbin Tabbutaapl. COHBIMEH KaTap, MaKaiiaga aMHUHICPAIH HOHIBI XpOMaTOTPaUsChIH COTTI KYPri3y YLIiH
HETI3ri napaMeTpliep TaaKbUIAHBIII, YCHIHBULIBIL.

Tyiiin ce3nep: KOppo3usi, MyHal iHe ra3 eHIipici, XUMHSJIBIK capantama, «TITTi» KOPPO3us, «alibD»
KOpPO3Usl, ”HTHOUTOPIIAp, aMUH/IED.

7K.C.KacenoBa
MuuoBanmonHelil EBpasuiickuil ynusepcurer, Kazaxcran

OcTaTo4Hblii XUMHYECKH aHAJIU3 AMHHOB, HCII0JIb3yeMbIX B KauecTBe MHTHOUTOPOB KOPPO3UM

[IpucyrcTBHE KOMIIOHEHTOB, HMMEIOIIMX KHCIOTHBIM XapakTep, TaKHMX KaK AMOKCHI yriepoaa u
CEpOBOJOPO/]] B IIPOU3BOACTBEHHBIX JKUAKOCTSIX MOTYT HHHIIMHUPOBATh Koppo3uo. Kopposus sBiseTcss oJHON U3
[JIABHBIX TPUYMH BBIXOAA U3 CTPOsS 00OPYAOBaHUS, MCHOIB3YEMOTro IMpU A00bde HeTH U Ta3za. HruOUTOpEI
KOPpO3UM NPUMEHSAIOTCA KaK OJUH U3 METOAOB OOpbOBl C KOoppo3uei. [ Toro d9ToObl OmpeneiauTh
3G (QEKTUBHOCT, U pACCUMUTATh IPABWIBHYIO JO3UPOBKY XHMHYECKHX arcHTOB, BBIMOJHSIOT OCTaTOYHBIH
XMMHUYECKHH aHaIN3 MHIHOMTOPOB B IUTACTOBBIX BOJAAX. BakHO mOomoOpaTh ONTHUMAIbHYIO KOHLECHTPALHIO
aMHHOB, TOHMMAsl, YTOH IIePEJO3UPOBKA, M HEXBATKAa MOTYT IIPHBECTH K ITOJIOMKE 000PYIOBaHMs. XUMUYECKUH
aHAJM3 YCIOXKHAETCS TE€M, YTO B HE(TEIPOMBICIIE Yallle BCErO NMPUMEHSIOTCS COCTABHBIE XUMUYECKHE areHTEHI,
SIBIIIIOIINECS] CMECHIO KOMIIOHEHTOB.

OcHOBHast WENbCTaThU — M0J00paTh HamOoJee ONTUMANbHBIM HHCTPYMEHTAIBHO-aHAIUTHIECKUH
METOJ W HapaMeTpsl ISl BBIIOJHEHHS XHMHUYECKOTO aHalk3a aMHUHOB NpH JIAOOpAaTOpPHOM KOHTpOJIE
HHTUOUTOPOB, UCTIOIB3YEMBIX JUIsI OOPBOBI CO «CIATKOW» U «KUCIOW» KOPpo3ue. XMMHUIECKHHA aHATN3 JOJDKEH
MIPOBOJUTHCA C TIOMOIIBIO NMPOYHOTO, YYBCTBUTEIHHOIO M TOYHOI'O MHCTPYMEHTA, IMPUTOMHOTO JUIS TMOJEBBIX
ycnoBuii. Heo0xoaumMo y4decTsb, 4To A TOOBIYM Tra3a MPUMEHSIOT JIETKOJIETYYne KOPPO3NOHHBIE HHIHOUTOPEI,
pu 100bIue HeTH - areHThI ¢ 00Jiee BEICOKOM MOJICKYJISIPHOM Maccoil. [103ToMy ist Ta30BOT0 MPOMBICIA OepyT
aMUHBI C KOPOTKOH YIJICBOJOPOIHOM IEMbI0 UM C MUKIMYSCKON CTPYKTYPOH, a i HE(PTSIHOTO MPOMBICTA —
aMUHBI C JUIMHHBIM YTICBOAOPOIHBIM PaTUKAIOM.

ABTOpaMH MPOBEJEHO TEOPETUUECKOE HCCIEJOBAHNE COCTaBa U MEXaHU3Ma aMHHOB, U3y4eHa Hay4dHast
JUTEpaTypa, COIOCTaBJICHBI COBPEMEHHBIE HHCTPYMEHTAJIBHO-aHAINTHYECKHE METOIbl M TO0A00paHbI
MOXO/IAIINE [Tl XMMUYECKOTO aHAJIM3a OCTATOYHOW KOHLEHTPAI[MH aMUHBI, IPUMEHSIEMbIE B POJI HHTHOUTOPOB
Koppo3ud. [locie u3ydeHuss XUMHUYECKOI CTPYKTYphl aMHHOB, IPUMEHSIEMBIX Ha HE)TEPOMBICIIE ¥ UMEIOIIEHCs
JIUTEpaTyphl, OBUI CAeNaH BBIBOJ, 4YTO Haubosiee S(GQEKTHBHBI METOJ XHMHYECKOro aHajli3a aMUHOB,
HCTIONB3YEeMBIX B KadeCTBE HMHIHOMUTOPOB TNPOTHB KOPPO3UH, BBI3BIBAEMOI CEPOBOJOPOJAOM M IHOKCHIOM
yriaepoja, — HOHHAsl XpoMaTorpaQus.

KiroueBple cnoBa: Koppo3usi, HedTerazoBas OTpacib, XUMHUYECKHH aHAIN3, «CIIafKasy KOPPO3HS,
«KHCTAsD KOPPO3Usl, HHTHOUTOPHI, aMHUHBI.
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