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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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SEPARATION OF FREE FATTY ACIDS FROM COTTON TAR

Abstract. This article presents the results of study of influence of technological factors on the process of cotton
tars’ fatty acids saponification, necessary to develop technology for synthesis of new surface-active substances used
in oil dehydration processes.

To substantiate the choice of alkali concentration (sodium hydroxide) and determine the effective modes of the
neutralization process, the method of determining the minimum necessary alkali concentration depending on the
boiling time of the “tar — saponified reagent” system was used. Based on the obtained data, it was concluded that the
effective alkali solution concentration corresponds to 8-15%, while the alkali excess amount does not affect the
“boiling” time. The dependence of the change in the hydroxyl number on the sodium hydroxide concentration in the
solution was obtained under real conditions, where it was shown that the saponification degree increases with in-
creasing the alkali solution concentration, but only to a certain concentration value. The effect of temperature on the
neutralization process duration was established. It is shown that fatty acids are valuable and fairly affordable raw
materials that find their application in various fields of the oil and gas industry, so their extraction from wastes,
namely, from cotton distillation tars, with a content of up to 65%, is reasonable and economically sound.

Key words: fatty acids, saponification, oil, gossypol, demulsifier, boiling, viscosity, alkali, hydroxyl number,
dehydration, reagent, emulsion.

Introduction. Today, the problem of efficient processing of secondary resources to obtain compe-
titive products is relevant for the oil and gas industry in our country. However, despite the importance and
economic feasibility of the most complete processing of secondary resources, the level of their use is still
insufficient. Considering the potential of oil and fat enterprises in the south of Kazakhstan, the task of
efficient processing of secondary resources of the oil and fat industry and obtaining valuable chemical
reagents on their basis is of particular importance. The main component of the secondary resources ob-
tained in the processing of plant oils, in particular, cotton oil, are tars of fatty acid distillation. Free fatty
acids are a valuable feed stock for obtaining a number of complex-effect reagents, which are used for
dehydration and desalting in complex oil treatment plants [1].

There is a special economic zone in the territory of Turkestan region, focused, among other things, on
the cotton cluster development. Thus, it can be considered that tars, being by-products of cotton oil pro-
cessing, are a renewable source of free fatty acids [2]. In addition, the tars of the fatty acid distillation, as
well as soap stocks, must be processed from the point of view of ecology and environmental protection
[3-6].

The purpose of the study is to select the optimal method and conditions for the implementation of the
fatty acid (FA) extraction process, which will later serve as the feed stock for the synthesis of a non-ionic
(non-dissociating) demulsifier from a mixture of cotton tar components (hereinafter referred to as tar) and
purification from impurities.

— 70 —
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Previously, it was shown that from the tar of the enterprise Shymkentmay JSC with an alkali solution
it is possible to obtain a saponified fraction of salts of fatty acids and gossypol, which are then separated in
a free from when treated with sulfuric acid [7-9]. Methods used to separate free fatty acids should satisfy
the following conditions: determine the maximum selectivity of fatty acids interaction with reagents used
for neutralization; provide the highest reaction rate; facilitate rapid and complete separation of the
resulting phases; ensure the maximum extraction of fatty acids from the resulting neutralization products.

In the initial exploratory tests, the resulting mixture of fatty acids and gossypol derivatives was
oxyethylated and etherified, and the obtained composition showed, in the tests, the properties of a suffi-
ciently effective demulsifier. However, in modern conditions, more stringent requirements are specified to
the reagents used for oil dehydration: they must have the highest possible demulsifying activity, must be
biologically easily decomposed, non-toxic, cheap, affordable, and must not have bactericidal activity. In
addition, these reagents in oil should not lead to equipment corrosion. Therefore, there was a need to study
how the feed stock purity affects the process of oxyethylation and etherification. It is necessary to develop
the optimal method for extracting the fatty acids from the mixture of tar components, to select optimal
conditions for the process of extracting the fatty acids and to choose a method for preparing free fatty
acids to obtain the reagent. As an optimization criterion, the quality of the final product — the oxyethylated
or etherified product based on the feed stock extracted and purified by various methods was determined
[10-14].

Research methods. The fatty part extracted from the cotton tar (the mixture of tar components) is a
thick, viscous mass: the kinematic viscosity is 2340 cSt at 25°C; the color is dark brown; the specific
weight is 0.981 t/m’; the acid number is 112.8 mg KOH/g; the saponification number is 228.3 mg KOH/g;
the ether number is 155.43 mg KOH/g; the iodine number is 1.44 g 1,/100 g; the setting point is 37°C. The
high mixture viscosity is due to the presence of saturated fatty acids in its composition, which are crys-
talline substances at temperatures below 50-70°C, but due to the partial solubility in unsaturated acids, the
resulting mixture has the consistency of resin. Chromatographic separation of the fatty acid mixture was
carried out by two methods: 1) the HPLC method according to the method [15] and 2) the GLC method
according to the method GOST 30418-96.

When analyzing samples of the tar, it was found that using the standard method for determining the
fatty acids does not allow obtaining adequate results, which is associated with the formation of a stable
bulk emulsion layer. In this regard, the standard methods for determining the fatty acids were adjusted as
applied to the tar. The content of soap and fatty acids in the tar after alkali treatment was determined by
the modified method GOST 5480-59 — Plant oils and natural fatty acids. Methods for soap determination.
To control the fatty acid content in model systems and in real resins, the acid number determination
method was used according to GOST P 52110 — 2003. The pH of the reaction mixture was measured on
the ANION pH meter 4100 (the accuracy class is 0.05). To determine the fatty acid content in the tar, the
method of indirect pH-metering — measurement of the pH values of the special reaction mixture was used.
The study of the influence of various impurities in the tar composition on the measurement error of the
reaction mixture pH value showed that the error reaches 8-10%, therefore, other methods were used in
some cases. In particular, the mass fraction of the fatty acids in the tar was determined by the method of
high performance liquid chromatography using the technique of “Certificate No. 36-08 dated 04.03.2008
®P.1.31.2008.04633” [16]. The rheological properties of various technological mixtures from the tar and
soap bases were determined on the Polymer Rotation Viscometer RPE-1M instrument. The estimation of
the results and their statistical reliability was carried out using the application programs “MathCAD” and
“Statistica”.

It was found that the main factors determining the efficiency of the crude fatty acids, gossypol and its
derivatives saponification are concentration, amount of neutralizing agent, temperature and duration of the
process, as well as amount of the saponified tar additive. In this case, the required neutralizing agent
amount depends on the fatty acid content in the tar subjected to saponification [17]. The tar saponification
was carried out in the high pressure reactor PBJI-2-150, the process efficiency was estimated by the values
of the neutralization coefficient [14, 18].

To substantiate the choice of alkali concentration (sodium hydroxide) and determine the effective
modes of the neutralization process, the method of determining the minimum necessary alkali concen-
tration depending on the boiling time of the “tar — saponified reagent” system was used [19]. For this, the
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tar was treated with the sodium hydroxide solution of 1-20% concentration, initially with 10% excess, and
then — varying the excess. The resulting “tar — alkali solution” system was subjected to treatment in the
electromagnetic field of super-high frequencies until the “boiling” effect. The efficiency of neutralization
was estimated in terms of the fatty acid saponification degree. For the reliability of the control of the fatty
acid saponification degree, the hydroxyl number index was used [17].

Research results. From the data presented in figure 1, it can be seen that in the concentration range
of 1-8%, the boiling time of the system is 5-45 s, starting from the concentration of 5 to 10%, there is
increase in the boiling time of the system from 26 to 48 s with formation of characteristic dependencies
(figure 1). This dependence can be explained by decrease in the free moisture content in the neutralized
tar. The change in the boiling time practically does not occur when the sodium hydroxide concentration is
more than 15%.

50
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Figure 1 — Dependence of the “boiling” time of the “tar — alkali solution” system
on the concentration of the alkali solution and its amount.
Conditions: the alkali excess, %: 1 —0; 2—4; 3 —7; 4 - 10. The saponified tar additive amount — 5%

The more intense tar interaction with alkali at initial concentrations is explained by the fact that the
carboxyl group of the free fatty acids primarily interacts with the formation of R-COONa salts.

The glycerides remaining in the tar, which contain high molecular weight acids, are saponified more
difficult compared to glycerides, which contain lower molecular weight fatty acids [12].

Approximately in the same order the gossypol derivatives enter into the reaction, since under condi-
tions of high temperature, the gossypol in inactivated form is more likely to exist during refining and
distillation, i.e. without initial aldehyde group at position 8, 8°, with the formation of sodium salts of the
oxidized gossypol molecule:

CcoO OH
NaO
HO CH

C
PN
H,C H CH, ,

The hydroxyl groups of the naphthyl gossypol molecule fragment, according to the distribution of
electron density on atoms, are more reactive centers. The most pronounced OH-bond at C; and C’; atoms,
which acts as a strong electron-acceptor group of acid reagent, as the bond is highly polarized (the charges
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on oxygen and hydrogen atoms are -0.28e and 0.27e, respectively). Thus, the hydroxyl gossypol groups at
position 7, 7° of the naphthalene nucleus which are in the ortho-position to the aldehyde group under these
conditions form salts of gossypol and its derivatives [20]. Further, when the alkali concentrations are 15
and 20, the boiling time remains almost unchanged, as glycerin, as well as bound fatty acids in the com-
position of glycerides, remain in the initial mixture.

A similar dependence is also characteristic of change in the hydroxyl number under real conditions,
i.e. as the alkali solution concentration increases, the saponification degree increases, but only to the
concentration of 15% (figure 2).

Hydroxyl number, mg KOH / g

o = N W A OO N

1 3 5 8 10 15 20

Alkali solution concentration, %

Figure 2 — Dependence of the change in the hydroxyl number on the alkali solution concentration.
Conditions: the alkali excess — 10%, the saponified tar additive amount — 5%,
the temperature, °C — 1 — 105, 2 — 110, the process duration — 120 minutes

Result discussion. Based on the obtained data, it was concluded that the effective alkali solution
concentration when saponifying corresponds to 8-15%. It was found that the alkali excess amount does not
affect the “boiling” time. However, the analysis of industrial practice on the use of various neutralization
schemes confirms the basic point that for effective phase separation in all cases a certain alkali excess has
a positive effect. If at the neutralization sufficiently concentrated alkali solutions are used, then the opti-
mal alkali amount creates favorable conditions for the formation of soap flakes and less increase of non-
saponified fatty acids. In the case of neutralization in a soap-alkali environment (using low concentration
alkali solutions), a decrease in the free alkali content in the soap-alkali solution below the permissible
level leads to the formation of acid soaps, reducing the dissolution efficiency of the resulting soap, as a
result of which the soap and moisture content can significantly increase in the neutralized phase.

It is known that soap-alkali emulsions are formed by spontaneous emulsification of the mixture of
fatty acid — aqueous alkali solution. A distinctive feature of the spontaneous emulsification in comparison
with the mechanical emulsification is the emulsifier formation in the dispersed system itself. When neu-
tralizing with the emulsifier in the system itself, the saponified part of the cotton tar acts. The authors
studied the change in the saponified tar viscosity with the sodium hydroxide excess introduction, and
showed that with increase in the neutralizing agent excess above 20%, the system viscosity increases again
due to the change in the colloidal properties of the system, which subsequently leads to decrease in the
emulsification degree and saponification rate. With increase in the temperature, the viscosity decreases
(figure 3). In order to determine the aggregative emulsion stability, the dispersion of the soap-alkali tar
emulsion was tested using electron microscopic images (figure 4). From the above photos it is seen that in
the case of using the NaOH excess in the amount of 20%, the size of the dispersed phase droplets in the
dispersion medium is the smallest and amounts to 8-10 microns, which has a favorable effect on the
saponification process. The reaction that takes place in this system is on the droplet surface, while the
internal mass transfer is the limiting stage.

The fatty acids are subsequently separated in the form of associates and individual molecules, the
process as a whole follows the model of nonstationary convective diffusion with the introduction of
concentration-dependent transfer coefficient. The analysis of the equation describing this model shows
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Figure 3 — The effect of the NaOH excess on the viscosity of the “cotton tar — fatty acids — alkali” system.
Conditions: the alkali solution concentration — 10%; the saponified tar additive amount — 5%, the temperature, °C:
1 —65;2-90; 3 —115. the process duration — 120 minutes. The viscosity was determined 10 minutes after the start of the process

that the saponified fatty acids concentration on the drop surface is maximum at the beginning of
neutralization and is proportional to the initial acid concentration in the tar mass and the saponified part
concentration in the solution. Table shows the technological indicators of the cotton tars before and during
the saponification process, which indicate that the alkali excess in the amount of 20% contributes to the
viscosity decrease and provides the required rheological and filtration properties, as well as good phase
separation during subsequent processing.

It is known that with increasing the temperature both direct and reverse reactions are accelerated, but
to varying degrees. As a rule, the endothermic process is accelerated to a greater extent than the exo-
thermic. When the temperature in the system of two reactions decreases, the exothermic process flows
faster. Therefore, to determine the temperature effect on the chemical equilibrium, it is necessary to know
the value of the thermal reaction effect. The greater the thermal reaction effect, the stronger the tempe-
rature effect. When studying the temperature effect on the tar neutralization process, it was found that
increasing the temperature has a positive effect only up to 110°C, at higher temperatures due to increase in
the rate of the reverse reaction, the saponification rate decreases (figure 5).

The soap-alkali emulsion formation process during the saponification of the cotton tar fatty acids
takes place in the following order based on the emulsification mechanism [21]:

The fatty acids, gossypol and its derivatives in the tar composition during mechanical action on them
in centrifugal pumps are crushed into large and medium drops and dispersed in the alkali solution to form
the interfacial surface of the mixture: fatty acids — gossypol and its derivatives — alkali.

On the interfacial surface, the fatty acids, gossypol and its derivatives react with the alkali (the
saponification or neutralization reactions) and the soap is formed on the drop surface, the soap begins to
act as the emulsifier.

Molecules of the soap emulsifier are adsorbed on the drop surface, while the hydrocarbon chain or
the hydrophobic part of the soap molecule is drawn into the inside of the drops, and the hydrophilic polar
part of R-COONa is located on the outer surface and forms a protective layer. In addition to the soap
molecules, molecules of the dispersion medium, impurities, gossypol polyphenols and its derivatives are
also included in the protective layer. As a result, the protective layer becomes adsorption-solvate, and the
interfacial surface tension decreases tenfold compared with the tension at a critical micelle concentration,
tending to zero.

Drops in which the soap concentration in the adsorption-solvate layer reaches the equilibrium value
and the surface tension becomes small compared to the tension at the critical micelle concentration, break
up into smaller drops. The dispersion process continues as long as there is decrease in the work of emulsi-
fication. The soap emulsifier concentration in the soap-alkali emulsion at the beginning of the dispersion
process is insignificant and decrease in the surface tension is small. Therefore, the development of the
spontaneous emulsification process flows very slowly and is =1 h in time (in the saponification reaction
this time is equivalent to the time of the induction period).
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Figure 4 — Electro microscopic images of the soap-alkali emulsion “cotton tar — saponified fatty acid — alkali”.
The alkali excess, %: 1-10,2-15,3-18,4-20,5-24,6-28

Technological indicators of the soap-alkali emulsion “cotton tar — saponified fatty acid — alkali”

. . Indicators of the emulsion at 65°C
Composition of the emulsion - —
Density p, kg/cm Viscosity 1, ¢St
Tar 900 4000
Tar + 15% alkali solution 910 3550
Tar + 15% alkali solution (5% alkali excess) 920 3500
Tar + 15% alkali solution (10% alkali excess) 925 3055
Tar + 15% alkali solution (15% alkali excess) 930 2511
Tar + 15% alkali solution (20% alkali excess) 938 2050
Tar + 15% alkali solution (25% alkali excess) 950 2512
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Figure 5 — The effect of temperature on the tar neutralization process duration.
Conditions: the effective alkali solution concentration corresponds to 15%,
the alkali excess — 20%, the saponified tar additive amount — 10%

To accelerate the emulsification process, a part of the saponified tar from the previous feed can be
introduced into the initial reaction mixture. In continuous technologies, this additive can be easily imple-
mented by recycling a part of the reaction mixture leaving the reactor. The authors studied how the
saponified tar additive amount affects the time of the neutralization process in terms of the crude fatty acid
initial content.

Conclusions. Thus, on the basis of the carried out experimental studies, the most favorable mode of
saponification (neutralization) of the tar’s fatty acids was determined, which subsequently provides the
highest yield. The fatty acids are subsequently separated in the form of associates and individual mole-
cules, the process as a whole follows the model of nonstationary convective diffusion with the introduc-
tion of concentration-dependent transfer coefficient. The increase in temperature has a favorable effect on
the saponification process of the tar’s fatty acids to a certain value, however, at higher temperatures, by in-
creasing the rate of the reverse reaction, the saponification rate decreases. The obtained experimental data
show that the cotton oil fatty acid distillation tars can be considered a valuable raw material of free fatty
acids in order to obtain on their basis surface-active non-ionic substances used in the complex preparation
of oil.
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MAKTA T'YIPOHBIHAH BOC MAMJIBI
KBIIIKBLJIIAPIBIH BOJIIHYI

AHHoTanmsi. bepiiiren mMakanana TEXHOJIOTHSIIBIK (aKTOpIAp/IbIH MYHAH/bl CYChI3aHABIPY MPOLECIHAE KO-
JIAHBLIATBIH KaHa OeTTiK OeNCeHl 3aTTap/blH CHHTE3/Iey TEXHOJOTHSCHIH d3ipiieyre KaKeTTi MakTa TyJIpOHAapbI-
HBIH MailJibl KbIIIKbULIAPBIHBIH CA0bIHaHy NPOLIECIHE dCEPIH 3ePTTeY HOTHKEIePl KeITiplIreH.

Cinri (HaTpHii THAPOKCH/II) KOHICHTPAIMSICHIH TaHJAYAbl HETI3/Iey JKoHe OeHTapanTaHIbIpy NPOLECIHIH THIM/II
PEXUMAEPIH aHBIKTAY YIIIH «TyAPOH-OeHTapanTaHABIPYIIEl PEareHT» KYHECiHIH «KalHay» YaKbIThIHA TOYEI Al CUITi-
HiH MHHHMaJ KaXXeTTi KOHIICHTPAIMSICHIH aHBIKTAYy o/icTeMeci KOJAaHBIIFaH. AJIBIHFAH MOJIIMETTEp HETi3iHAe CiITi
epiTIHAICIHIH THIM/i KOHIIEHTpamAcH §-15% colikecTiri aHbIKTaIFaH, Oy Ke3/1e CUITIHIH apThIK MOJIIepi «KaiHay»
yakpITBIHA dcep erneini. HakTel mapTrapaa epiTiHmizeri HATpUHA THAPOKCHII KOHLIEHTPAIMSICHIHAH THIPOKCHIIBI1
CaHHBIH ©3repy TOYeNIUNIr amblHFaH, MYHAA CUITI epiTiHAICIHIH KOHLIEHTPAIMICHl apTKaH Ke3/le CaObIHIaHy Iope-
JKecifie apTaTBIHABIFEl KOPCETUITeH, alaiila KOHIEHTPAUAHbIH Oenrim Oip MoHiHE neiiH FaHa. TemmepaTypaHbIH
OeliTapanTaHplpy MPOLECIHIH Y3aKThIFbIHA dCepi OpHATBUIFaH. Mailyibl KBIIIKBUIAAP/AbIH MYHAaHra3 cajaachIHBIH
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OPTYpIIi cananapblHIa ©3 KOJJAHBICHIH TalKaH KYHIBI KOHE KOJDKETIMII IIHMKi3aT OOJIBIT TaObLIATHIHIBIFEI KOpPCe-
TIITeH, COHJBIKTAH OJapJbl KAABIKTAP/aH, OHbIH INIHIE AUCTHWULILUSHBIH MaKTa TyIpoHIapbiHaH 65% wmeiiep-
MeH 0eJIil ally MakcaTka cail KoHe SKOHOMUKAIIBIK HEeT13/eJreH.

Tyiiin ce3mep: Mailiibl KBILIKbLIIAP, CA0BIHIAHY, MYHAil, TOCCUIION, JICIMYJIBIaTop, KaiHay, TYTKBIPIBIK, CLITI,
THJPOKCUIIBII CaH, CYChI3IaH/IBIPY, PEareHT, SMYJIIbCHSL.
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BBIJIEJIEHUME CBOBOJHbIX ’KUPHBIX KUCJIOT
N3 XJIOIIKOBOT'O I'YIPOHA

AHHOTanusi. B nanHOW cTaThe NpUBENEHBI PE3YJIbTATHI UCCICAOBAHMS BIUSHUS TEXHOJOTMYECKUX (hakTOPOB
Ha MPOLECC OMBUICHHS KUPHBIX KUCIOT XJIONKOBBIX I'YAPOHOB, HEOOXOIUMBIE JIJIsi pa3pabOTKH TEXHOJIOTHH CUHTE3a
HOBBIX [TOBEPXHOCTHO-aKTHBHBIX BEIIECTB, UCIOJIb3YEMbIX B Mpolieccax 00e3BOKUBaHMS HEPTH.

Jyist 000CHOBaHMS BRIOOPA KOHIICHTPAIMH MIEJIOUH (THAPOKCHIA HATPHS) U onpeacicHust 3Q(HEKTUBHBIX PEXKH-
MOB IpOIIeCCa HEHTpaIU3ally MCIIOJb30BaHA METOAMKA OINPEACICHUS] MUHUMAILHO HEOOXOAMMON KOHUECHTpPAIMN
IIEJIOYH B 3aBUCUMOCTHU OT BPEMEHH «3aKUITAHUs» CUCTEMBI «TYAPOH — OMbLIsIEMbIi peareHT». Ha ocHOBe nonyueH-
HBIX JTAaHHBIX CJIEJIaH BBIBOJ O TOM, 4TO 3()(eKTHBHAsI KOHIEHTpAIMs PacTBOPA LIEJI04H COOTBETCTBYeT 8-15%, mpu
9TOM KOJHMYECTBO M30BITKA IIENOYM HE OKa3bIBACT BIMSHMS Ha BpeMs «3aKuMaHusy. [loydyeHa 3aBUCHMOCTh U3Me-
HEeHHUS! TMIPOKCUIILHOTO YHCJa OT KOHIEHTpAlMU THAPOKCHJA HATPHUS B PAacCTBOpPE, B PEANbHBIX YCIIOBHSX, IJI€
MOKa3aHOo, YTO MPH MOBBIIICHUH KOHLEHTPAL[MK PAaCTBOpA IIEIOYH IIOBBIIIAETCS CTENEHb OMBUICHHS, HO TOJIBKO JI0
OIPEJICNICHHOTO 3HAYCHHs KOHLEHTPAIMU. Y CTaHOBJICHO BIIMSIHUE TEMIIEPATyphl HA MPOJODKUTENLHOCTD Tpolecca
HeiTpanu3aiuu. [Toka3aHo, 4TO KUPHBIE KHUCIIOTHI SIBISIOTCS LIEHHBIM M JIOCTATOYHO JOCTYIHBIM ChIPhEM, HaXO-
JUIIIUE CBOE MPUMEHEHHE B CaMbIX Pa3JIMUHBIX 001acTIX He()Tera3oBoi OTPACIu, IIO3TOMY MX M3BIICUSHHUE U3 OTXO-
JIOB, @ IMEHHO, U3 XJIOMKOBBIX T'YAPOHOB TUCTWUISALNH, C COJEpXKAHUEM HX 0 65%, sBIseTcs menecoo0pa3HbIM U
HKOHOMHUYECKH 00O0CHOBAHHBIM.

KioueBble ciioBa: KUPHBIE KUCIOTHI, OMbUICHHE, HE(PTh, TOCCUIION, AEIMYJILIaTOp, CKUIIaHKHE, BA3KOCTb, IIe-
JI04b, TUIPOKCHIIBHOE YMCII0, 00€3BOKUBAHHUE, PEATreHT, IMYJIbCHS.
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