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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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KINETICS AND MECHANISM OF SORPTION
OF COPPER (II) IONS BY ION EXCHANGER

Abstract. In this article the kinetics of the process of sorption of copper (II) ions from aqueous solutions by
polymer sulfonic cation exchanger, an elementary unit containing a heterocycle and a sulfonic group, under static
conditions at a temperature of 298 K and a copper concentration of 2 mmol / mg is investigated. The sulfonic cation
exchanger was preliminarily obtained by the reaction of polycondensation of diphenyl oxide and furfural with further
sulfonation to obtain functional ionogenic groups in order to increase the extraction efficiency. The obtained kinetic
curves of the dependence of the degree of extraction of copper ions from solution on time were processed using the
Boyd, Adamson, and Myers equation, which describes diffusion in a limited volume of solution. The kinetic
parameters of the sorption process (effective diffusion coefficient, etc.) are calculated, and the results obtained are
compared with the data for the traditionally used industrial cation exchanger, which is a copolymer of styrene and
divinyl benzene. It has been established that the process of sorption of copper (II) ions in the sulfonic cation
exchanger phase is of an intra diffusion nature and corresponds to second-order kinetic equations.

Key words: kinetics, sorption, copper (II) ions, photometry, diffusion, mechanism.

Introduction. Heavy metal ions are dangerous and widespread pollutants of the hydrosphere that
have a toxic effect on the ecosystem. Among them, copper ions are considered especially unfavorable for
living organisms, which belong to the group of highly toxic substances with a wide spectrum of toxic
effects with diverse manifestations [1, 2].

In this regard, a very promising direction of research is the development of methods for purifying
industrial and domestic wastewater from heavy metal ions, in particular, from copper ions. Currently, most
enterprises use the ion-exchange method as the main method of water purification from ions of heavy
metals, which has significant advantages over other methods, for example, high selectivity with respect to
the recovered metal. This allows the process to be carried out with a short duration of the technological
cycle, relatively low costs and consumption of chemical reagents [3]. Nevertheless, the use of this method
with known ion-exchangers does not allow reducing the content of toxic ions of heavy metals to the norm
of the maximum permissible concentration [4]. The solution to this problem can be the use of more
efficient cation-exchanger based on polymers modified with various functional groups [5-10], for
example, carboxyl [9—12], amine [13], phosphoric acid [7, 14, 15], akylthiophosphoric [16], sulfogroups
[17,18], etc. At the same time, to establish the optimal parameters of the sorption of metal ions, it is
necessary to know the kinetic laws and the mechanism of the sorption process. In connection with the
above, the purpose of this study was to determine the kinetic characteristics of the sorption process of
copper (II) ions from aqueous solutions using a new sulfonic cation exchanger of the polycondensation
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type, to establish the sorption mechanism, and also to compare the obtained parameters with the data for
the known cation exchanger used in industry.

Methods. In the study, we used two types of cation exchanger - industrial sulfonic cation exchanger
grade KU-2-8 (strongly acidic cation exchanger, copolymer of divinylbenzene and styrene, Anta LLC,
Russia) and sulfonic cation exchanger obtained by polycondensation of diphenyl oxide and furfural,
followed by sulfonation. The synthesis of the latter is described in [17], where the static exchange capacity
for copper was 2.4-3.2 mg-eq/g.

For the determine of the copper ions in the solution used photometric method.The method is based on
measuring the optical density (A) of a blue solution of copper (II) ammonia, obtained as a result of the
reaction:

Cu’" + 4NH,OH < [(Cu(NH;),]*" + 4H,0

and using the functional dependence of optical density on the concentration of Cu (II) ions according to
the Bouguer-Lambert-Beer law

I =TI.exp-(-e-ct),

where I, is the intensity of the incident light, ¢ - is the concentration of the absorbing substance (mol/l),
€ - is the molar absorption coefficient (1 / mol - cm).

A sample weighing 3.927 g of chemically pure copper sulfate CuSO, 5H,O was transferred into a
volumetric flask with a capacity of 1000 ml, dissolved, added 5 ml of concentrated sulfuric acid (density
1.84 g/em®) and brought up to the mark with water. 1 ml of this solution contains 1 mg of Cu®" ion.
5 standard solutions were prepared from standard solution 1. For this purpose, 20, 15, 10, 5, and 2.5 ml of
a standard copper salt solution were measured with a burette in five volumetric flasks with a capacity of
100 ml. To each of the flasks, 10 ml of diluted (1: 3) ammonia solution was added and the volume was
brought to the mark with distilled water. To plot a calibration graph, 10 ml of diluted (1: 3) ammonia was
transferred into a 100 ml volumetric flask, one drop of concentrated sulfuric acid was added and distilled
water was brought to the mark (zero solution). A solution with an average concentration was
photometrically measured in the wavelength range of 400-750 nm. We chose a light filter at which the
absorption maximum of the solution is observed - 670 nm. This light filter was used for further work [19].

Measurement of absorbance A was started with the solution having the highest copper concentration.
To do this, the solution from the flask was poured into a cuvette with a working width of 1 cm, the cuvette
was closed with a lid, and the absorption of the solution was measured with a yellow filter. Having
measured the absorption A of all solutions, a calibration graph was built.

Experiments to determine the kinetics of sorption were carried out at a temperature of 298 K, in a
time interval from 1 to 120 min, while the concentration of copper in the solution was 2 mmol / mg.

Results and its discussion. In order to identify the peculiarities of the kinetics of ion exchange in the
work, we compared the sorption of copper (II) ions from aqueous solutions by two types of polymer
sulfonic cation exchangers - industrial sulfonic cation exchanger based on divinylbenzene and styrene
(KU-2-8) and sulfonic cation exchanger, previously synthesized by the polycondensation reaction of
diphenyloxide and furfural followed by sulfonation (SKDF) [17]. Figure 1 shows the kinetic curves
representing the time dependences of the amount of sorbed copper ions from the solution.

The obtained dependences make it possible to conclude that the achievement of sorption equilibrium
on the SKDF cation exchanger occurs within 30 minutes, and on the KU-2-8 cation exchanger,
respectively, within 20 minutes. The difference in achieving equilibrium between SKDF and KU-2-8 is
small, which indicates the possibility of using the obtained cation exchanger for the extraction of copper
ions from wastewater solutions.

Further, the obtained kinetic curves were processed using the Boyd, Adamson and Myers equation
[20], which describes diffusion in a limited volume of solution:

1
F = QQ—; =1-6/n? Zﬁexp(—Bt -n?),
where F is the degree of ion exchange; Q. and Q,, are the amount of sorbed ion at time t (sampling time)

. . s . pm?t . . .
and at the time of reaching equilibrium, respectively; Bt = ~ " _ dimensionless parameter or Fourier

r2Bt
homochronism criterion; D is the diffusion coefficient (cm/g); 7 - is the radius of the ion exchanger grain, cm.
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Figure 1 - Kinetic curves of sorption of copper (II) ions from aqueous solutions by industrial sulfonic cation exchanger KU-2-8
(curve 7) and sulfonic cation exchanger based on a copolymer of diphenyl oxide and furfural SKDF (curve 2)

The value of F was determined experimentally and a graph of the dependence of the degree of
exchange of ions F on ¢ was plotted (figure 2). Then, using the table of dependence of F on Bt [21], the
value of Bt was found for the corresponding values of F and ¢, and then the diffusion coefficient was
calculated according to the method described in the literature [22].

Bt

05

1,103

t, minutes

0 400 800 1200 1600 2000 o 500 1000 1500 2000
Figure 2- Dependenge of the degreg Figure 3 - Dependence of the kinetic coefficient
of ion exchange F on time for sulfonic of sorption Bt on time for sulfonic
cation exchangers KU-2-8 (1) and SKDF (2) cation exchangers KU-2-8 (1) and SKDF (2)

In figures 2 and 3 the time dependences of the kinetic parameters F and Bt is shown. As can be seen,
in the case of the dependence of the function F' on time # (figure 2) at small values of F from 0 to 0.15, the
obtained dependences are linear, which indicates the internal diffusion character of the kinetics. The
dependences of the parameter Bt (kinetic coefficient of sorption) on time ¢ (figure 3) are linear, which
suggests a "gel" type of kinetics. In figure 4 shows the kinetic curves of the dependence — In (1 — F) = f'(t).

As can be seen from figure 4, only in the initial sections of the dependence is the linear character of
the function — In (1 — F) = f (t) observed. At the next time intervals, the kinetic curves do not meet the
criteria of a pure "external diffusion" mechanism. This indicates that, at the initial stage, the sorption
process on the indicated cation exchangers proceeds according to the external diffusion mechanism, and
over time the influence of the external diffusion factor decreases, and the internal diffusion factor, on the
contrary, increases. This means that the process as a whole proceeds in a mixed diffusion mode, i.e.
controlled by diffusion in the solution film and diffusion in the grain of the cation exchanger [23].
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Figure 4 - Dependence —In (1 — F) = f (t) for the sorption of copper (II) ions by sulfonic cation exchangers
KU-2-8 (1) and SKDF (2)

Assigning the kinetic curves to one of the kinetic types makes it possible to calculate the effective
diffusion coefficients from the experimental curves, which are kinetic coefficients that take into account
both the diffusion features of the transport of molecules in the sorption system and the parallel processes

of swelling of the ion-exchange agent, protolysis, and sorbate solvation [24]. Thus, the diffusion
coefficients can be calculated using the following formula:

_ Bt1¢
2t

where D - is the diffusion coefficient, cm*/s; t - is the contact time of the solution with the ion exchanger;
r - is the radius of an ion exchanger grain in a swollen state, cm.
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Figure 5 - Dependence of logQ on time Figure 6 - IR spectra of SKDF sulfonic cation exchanger
of SKDF sulfonic cation exchanger before (/) and after (2) sorption of copper (II) ions

Stages 1, 5 and 2, 4 are different in the direction, but not in the nature of the movement of ions.
Therefore, we can restrict ourselves to considering only the first three stages. In this case, the third stage
proceeds instantly in systems not complicated by side processes, including complexation with ionogenic
groups [25]. Sorption kinetics expresses the rate of absorption of copper ions on the sorbent, as well as the
time of equilibrium regulation of the rate. Kinetic data were processed using kinetic equations of various
orders. Representing the equations for the concentration of the reagent at different times, the values of the
rate constant are calculated, which make it possible to reveal the contribution of the chemical interaction
stage to the sorption process [26]. Dependences of the processed kinetic data showing the second order in

9 —/——




News of the Academy of sciences of the Republic of Kazakhstan

linearized coordinates according to the equation 1/C=kt +1/Cy, showing a high determination value
R?=10.9628 is shown in Fig. 5. The IR spectrum of sulfonic cation exchanger before and after adsorption
is shown in Figure 6.The IR spectrum of the sulfonic cation exchanger is characterized by the presence of
intense absorption bands in the range of 3000-3600 cM™' (Vimax=3406 cm™), 1500-1700 cM™' (Vimax=1599 cm™)
1 950-1250 e (Vima=1031, 1103, 1173 cm™). In addition, in the “fingerprint” region, absorption bands
are found due to bending vibrations (out-of-plane vibrations) of aromatic fragments [27] with less (at 792,
686, 615 cm™) and medium intensity (at 920, 539, and 472 cm™). According to the literature data [28, 29],
the absorption band at vy, = 3406 “™' can be attributed to the stretching vibrations of the OH group of
sulfonic acid. A relatively broad absorption band with a maximum vy, = 1599 cm’ is due to in-plane
vibrations of aromatic fragments. The characteristic bands of O=S=0 groups, caused by symmetric and
asymmetric vibrations, usually lie in the range of 1010-1080 and 1150-1260 cm™, respectively [30]. On
this basis, the absorption bands at 1031 and 1173 “™' can be attributed to symmetric and asymmetric
vibrations of O=S=0 groups. Difficult to assign is the absorption band at 1103 c¢m™ in the initial cation
exchanger. Since, the cation exchanger contains C-O-C groups of furan and diphenyl oxide, which can
give absorption bands at a given frequency [31]. The high sensitivity of this band to the formation of the
SO;- anion makes it possible to assign this band to the C-O-C group of diphenyl oxide, which undergoes a
high-frequency shift by 20 cm™ after absorption. After sorption, the relative intensity of the absorption
band at 1031 cm™ decreases significantly, the position does not change. The absorption band of sulfonic
cation exchanger at 1173 cm™, caused by asymmetric vibrations of O=S=0 groups, undergoes a high-
frequency shift (Vmay = 1227 cm™) after sorption. This band of naphthalene-2-sulfonic acid [29] is found at
1189 cm™ and after (sorption of the copper ion) the formation of the SOs-anion is shifted to the high-
frequency region - 1224 cm™. Similar absorption bands are observed in complexes with the participation
of copper (II) ion, cobalt (II) and other metals and aromatic sulfonic acid [32]. In these complexes, the
tetraaqua cation [Me (OH,),]*" is formed, coordinating with two anions - SO;™. A wide absorption band in
the region of 3000-3600 cm™ with a maximum at 3431 cm™, an absorption band in the region of double
bonds (in the form of a shoulder at~1700 cm™), and broad low-intensity absorption bands in the region of
450-900 cm™'. The table lists some parameters that determine the nature of the kinetics of the sorption of
copper (II) ions on the used sulfonic cation exchangers [33,34].

Table - Elementary unit structure and kinetic parameters of cation exchangers

Cation Kinetic parameters *
exchanger . 5 >
type Elementary link R D-10 k
31.69 0.0370
SKDF @0 o 31.69 0.0211
0.9978 28.17 0.0298
CH— 27.46 0.0064
i 21.834 0.0037
[¢]
— 12.67 0.0317
KV-2-8 —CH,—CH—CH,—CH— 10.56 0.0220
0.9994 9.50 0.0628
84.52 0.0096
84.52 0.0022
OH —CH—CH,—

Note: * R%-values of the coefficient of determination; D - 10” diffusion coefficient (cm? / s); k - second-order sorption rate
constant, respectively, g / mmol / min.

Conclusion. Thus, the results of studying the kinetics of sorption of copper (II) ions from aqueous
solutions by sulfonic cation exchangers of two types under static conditions, as well as the performed
mathematical processing of the kinetic curves, made it possible to establish that the sorption mechanism is
of a mixed nature and is determined by the total effect of diffusion and chemical reaction.

The results obtained allow us to conclude that the small difference in reaching equilibrium between
the SKDF sulfonic cation exchanger obtained by us and on the KU-2-8 cation exchanger indicates the
possibility of using the cation exchanger for the extraction of copper ions from wastewater solutions in

— 10 =—
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certain working time intervals. The peculiarities of the study are represented by the "gel" type of kinetics.
The graph constructed according to the experimental data for the obtained sulfonic cation exchanger
turned out to be rectilinear to the coordinates logQ = f (t) shows the second order of kinetics determining
the process of ion exchange inside the grain of the ion exchanger.

Acknowledgments. This work was carried out within the framework of the project of the Republic of
Uzbekistan PZ-20170927346 Development of technology of ion-exchange polymers of polycondensation
type for wastewater treatment.
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CYJIb®OKATUOHUTIIEH MBIC (II) HOHJAPBIH
COPBIIMAJIAY KHHETUKACBI ’KOHE MEXAHUWU3MI

Annoranusi. CopOuusi KHHETHUKACHIH 3ePTTEy MPaKTUKAIBIK KBI3BIFYIIBUIBIK TYABIPAIbl, OUTKEHI ToXipuoOe
OapBICHIHIA OIIICHETIH COPOIHS KBUIIaMIBIFBl COPOIUSAHBI JKYPTi3y YIIIH MBIHAIai MIapTTapasl — COPOCHT TYPIH,
copOeHT TYHIPUIIKTEPiHIH MOIIIepiH, TeMIepaTypaliblK >Karaail jkoHe Oacka MapaMeTpiiepi TaHaay Topi3i
MIPAKTHUKAJIBIK MOCEIeNIep i MenTy e YIKeH pen atkapaabl. CopOIis KWHETHKACHIH aHBIKTay OOWBIHIIA TOXipudenep
298 K temmeparypama 1-120 MHHYT yakpIT apanbIFbIHIA >KYPTi3iUledi, epiTiHAigeri MBIC KOHIEHTPAIHSICHI
2 mmous/Mr Oonaznbl. Monutrep ¢aszaceinaarbl Mbic (II) HOHAAPHIHBIH KaTHOHAAPMEH COPOLMSCHIH 3epTTEy YIIiH
Keneciieil PU3MKO-XUMHSIIBIK Tanjay dicTepi KoJIaHbuia bl. EKITHNTI KATHOHANTTED apKbUIbl MBIC MOHIAPBIHBIH
copOlMs KUHETHKAChIH 3€pPTTEy VIINIH HICKTEYyJi KeyieM ojici Koymaneuiaabl. Cammarbl 1 T 3epTTeneTiH cOpOeHT
chIHaMa-JIapbIHbIH emueHreH Oenikrepine 0,1 r/mm3 koHumentpanmsicel 6ap 100 nm3 CuSO4* 5SH,O epitinainepi
KyUbUTapl, KOJOamapabl Ke3eHiMeH mradkam, 1-120 MuHyTKa HOeliH cakTainel. BenriieHreH yakpITTaH KeHiH
epITiHAIHI TeKaHTHPIEHAl )KOHEe MBIC MOHAAPBIHBIH KaJIbIK MOJIIEPi aHBIKTaIalbl. KHHETHKAIBIK KUCHIKTAp «A —t»
KOOpAH-HATTapbIHIA KYPBUTAJbl, MYHIA A — TaHIAIFaH YaKbIT apalbiFbHIa OalfKanaTelH agcopouus, Mr / T, t — gasa
apachIHIAFEl OaiiIaHBIC Y3aKTHIFEL. AJIBIHFAH MOIIMETTepi MareMaTukaiblk eHaey Origin Lab Pro 6armapmamacet
apkpuibl Jky3ere aceipbuiaibl. MK cnexrpiepi Ilepkun-Onmep (AKI) ¢upmaceiabin System-2000 UK- ®ypee
crieKTpoMeTpinae HelFbI3Aanran KBr TyHipimikrepi TypiHae aHbIKTaIaabl.

AngpiH ana OoJKaraHBIMBI3JAH, CyIb(OKATHOHUTIIEH MBIC HMOHAAPHIHBIH COpPOLMSIIaHY KHHETHKAchl HOH
ayMacy peakLMsICBIHBIH JKbUIIAM/bIFBIMEH aHbIKTa 3 bl. VIOH anMacy mporeciHiH JKaIlbl )KbUIIAM/IBIFbl epiTiHIIIe
KYPETiH (IoHTe Kapchl MOH )KOHE MOHHUTTEp JoHIHEH AM((Y3HsCH) kKOHE MOHUTTE (MOHMT JIOHIHIH OpTaJbIFbIHA
KOFaprbl OeTiHeH Kapchl MOHAAp AUGQY3UsICHl KoOHE Kapama-Kapchl OarbiTTa; €pITIHAIIEH Kapchl MOHIapMEH
MOHUTTE Kapchl MOHIAPBIHBIH alMacybl) MPOLECTEPAiH XHUBIHTBIFBI PETiHAE YCHIHBUIAABL. MOH anMacy mporeci
KYpAei, KelcaTbUlbl, TeTepOreH Il KaTThl-CYHBIK JKyHene kypeni. OceiraH OailaHBICTBI MOH ajMacy KMHETHKACHI
TeTepOreH/Ii peaKuusuIapbIH >KaJllbl TEOPHUSCH TYPFBICHIHAH KapacThIpbUIa/bl. by Teopusra coiikec, HOH ainMacy
mpoIieci KaTThl (a3aga KYPETiH XUMHSIIBIK 63TrepicTepMeH FaHa eMec, 3aT MaccachHbIH Oip (azaman exiHmi (azara
OTy TMpOIeCcTepi, PEaKTHB IIBIFBIHBIH TONTHIPY JKOHE pEaKnus OHIMIEPiH KO HeTi3iHAe cumarramanbl. MbIc
HOHJapHl d-dIeMeHTTep JKOHE KHCHIK CYTeKTi OaimaHeicTapMeH cynb(o TOOBI OaiimaHBICKAaH TYpIi KyphUIBIMIAp
KEeIIeHiH Kypaiapl, Oy cyap(o TOOBIHBIH OTTET1 aTOMIaphl dCepiHiH HOTIKECI OOJIBIN CaHATa b

OHIPICTIK KaTHOHUTTEPMEH CAaJBICTBIPFaH/Ia CHHTE3IENTeH CYIb(OKATHOHUT VIIIH OPHATBUIFAH MEXaHW3MI
MeEH aJBIHFaH KHHETUKAJIBIK CHITaTTaMaIaphl KepceTkeH eH, oipinmicinig Cu2 + HOHIAphIH aTyAbIH TEXHOIOTHSITBIK,
npoueCTepiHue, COHBIMEH KaTap OHBbI aybIp METAJJI HOHAAPbIHAH afbIHABI CYJbl Ta3apTy TEXHOJOTHUACHIHAA KOJIAaHY
MYMKiH/ITiHIH Oojamiarsl 6ap.

Kecreneri mamiMeTTepae KepceTireniei, copOusHblH OacTankel KeseHiHae TuGQy3ustHbIH THIMII Kodahdu-
LMEHTIHIH MOHI apTajbl, OJ1aH KeiiH TOMEH/IeY HEeTi31He TYPaKThl MOHTe XKybIKTalabl. Anddysus koaddunuenTinig
JKOFapbUlaybl COPOLMSIHBIH OacTanKbl CAaTBICBIHIA MOHHUT O6JIIeKTepiHiH (KaTHOHWTTIH OacTamnkpl YiTiCi Kyprak
Kyiine Oomazpl) iciHyi OapBICBIHIA KYpIelieHe TYCETiH CHIATHIH TyciHAipeai. MOHUTTIH iCiHYy YyaKBITHI, Ke3eKTeri
mupdy3us KodOUIHEHTIHIH ocyi TOKIpHOETIK jKaFnail, HOHUTTIH COpOIUsIIaHFaH MOHIAPBIHBIH TaOWFATHI, ©3apa
OaifmaHpICy Hopekeci koHe Oacka dakTopiapMeH aHbIKTanansl. Ocel cyiabdokarnonutrepae H + — Cu2 + nonnmapst
aJIMacKaH >KaF[aiia MOH aIMacyIblH Y3aKThIFbl 30 MUHYTTBI KYpanbl.

AnbiHFaH CyJIb(DOKATHOHUTTIH ToKIpHOeNniKk MomimerTepi OoiibiHIIA KypbuiraH rpaduk, logQ = f (1)
KOOpAWHATTAPBIH/IA TY3Y CHI3BIFBI HOHUT JIOHIHIH IIHAETI HOH aIMacy MPOIECiH aHBIKTANTHIH KMHETHKAHBIH eKiHIIT
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perrinirin kepcereni. MK-cmekTpiik jxoHe omeOueTTep MOIIMETTEpiHE HETI3HENTeH HOTWXKeNepae, CyIbpoka-
. . o 2+ 3 s
tnonuTieH MbIc (II) mOHDApBIHEIH TeTpaakBa KemleHi TypiHae Oaitmansicysl — [Cu (OH2) 4] © 7 « 2SO Gaiikanaasl.
Ocplaiimna, CTaTHKANBIK JKaFqaiaa eKi TYpaeri Cyab(pOKaTHOHUTTIH Cyibl epitinainepaeH Mmeic (II) normape
copOLMsIaHy KHHETUKAChIH 3€PTTeYy HOTIIKEJepl, COHbIMEH KaTap KHHETHKAJIBIK KHCHIKTApIbl MaTEeMaTHKAaJbIK
OHJICY aHBIKTaFraH/ail, COpOLMS MEXaHM3MI apajac cunarka ue xoHe Tuddy3us MEH XUMUSITBIK PEAKIMSIHBIH Kb
ocepi apKbUTBI aHBIKTayFa MYMKIiHIK Oepeni.
Tyiiin ce3nep: xunernka, copouusi, msic (I1) nonmapsel, poromerpus, quddy3us, MexaHU3M.
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KHUHETUKA U MEXAHW3M COPBIIMU UOHOB MEJU(I) CYJb®OKATHOHUTOM

AnHoTanus.VccrnenoBanue KHHETUKH COPOLUHM TPEACTaBISIET MPAKTHIECKUHA WHTEpeC, TaK KaK CKOPOCTb
copOuuu, u3mepsieMasl B X0J1e SKCIIEpUMEHTA, UTPAET TJIaBHYIO POJIb ITPU PELICHHH TaKUX MPAaKTHYECKUX 3ajad, KaK
BBIOOP YCJIOBHH NpOBEIECHUS COpOLMM THra copOeHTa, pa3Mepa IpaHyjl COpOCHTa, TEMIEPaTYPHBIX YCIOBHH WU
JIPYTHX TapaMeTpoB. DKCIIEPUMEHTHI 110 ONPEAEICHIIO KHHETUKU COPOLIMH OCYIIECTBIISIN ITpH TeMneparype 298 K,
BO BpeMEHHOM HHTepBaJie oT 1 1o 120 MUH, TpH 3TOM KOHIEHTPALMS MEIH B PaCTBOPE COCTABIsUIa 2 MMOJBL/MT. Jist
uccnenoBanuss copbumn uoHoB Meau(ll) kaTmonamu B (aze HMOHMTOB HCIONIB30BAIM crlexyomue (usnko-
XUMHYECKHE METOBI aHaNN3a. [t H3y4eHns] KHHETUKH COPOIMY MOHOB MEJH C IIOMOIIIBI0 KATHOHUTOB JIBYX THIIOB
WCTIOJNB30BaJ METOJl OTpaHWYeHHOro oObeMa. K HaBeckam mccieqyeMBIX oOpasmoB copOeHTa maccod 1 T
npuusani o 100 am° pactBopos CuSO, 5H,0 ¢ konmentparmeit 0.1 /1M’ ¥ OCTABIIAIN B TEUCHHE BPEMEHHU OT 1
no 120 MuH, epUOAMYECKH BCTpsiXxuBas KOJIObL Ilo WicTedeHWW 3aJaHHOTO BPEMEHH PACTBOP IEKAHTHPOBAIH H
OTIpeNIeIsUTH B HEM OCTaTOYHOE COZIep)KaHHe MOHOB Mean. KimHeTndeckne KpuBbIe CTPOMIIA B KOOPAMHATAX «A —t»,
rae A — agcopOrusi, HaOmogaeMasi B BRIOPaHHBIM BPEMEHHOM MPOMEXYTOK, MI/T, t — IPOJOIDKUTEITFHOCTh KOHTaKTa
(a3. MaremaTnyeckyro 00pabOTKy IOJIyYEHHBIX JIAHHBIX NpoBoxwid B nporpamme Origin Lab Pro. MK-cnekrpsr
obutn cusatel Ha MK-®Dypre cnektpomerpe System-2000 ¢upmsbr Tlepkun-Onemep (CILIA) B BHIe mpeccoBaHHBIX
Tabnetok ¢ KBr.

[Ipeanonaranock, 4To KHHETHKA COPOLIMKM HOHOB MU CYJIb(OKATHOHUTOM JIOJDKHA ONPEAENIATHCS CKOPOCTHIO
NPOTEKaHHUs1 HOHOOOMEHHOH peakiuu. OOIas cKopocTh Ipoliecca HOHHOTO 00MEHa MOXKET OBITh IIPE/ICTAaBICHA KaK
COBOKYITHOCTH ITPOIIECCOB, MPOUCXOSIIUX B pacTBope (AudQy3usi NPOTHBOMOHOB K 3€pHY U OT 3epHa HOHHTA) U B
nonute (mudQy3us MPOTUBOUOHOB OT MOBEPXHOCTH K IICHTPY 3€pHA MOHHWTA U B 0OpaTHOM HAaIpaBICHUU; OOMEH
MPOTHBOMOHOB HOHHWTA Ha NPOTHBOMOHBI M3 pacTBopa). IIpomecc mOHHOTO OOMEHa SIBISETCSA CIIOKHBIM,
MHOTOCTaIUHHBIM, ITPOTEKAIOIINM B TETEPOTCHHOW CHCTEME TBEPAOE TENO — JKUIAKOCTh. B CBS3H ¢ 3TUM KHHETHUKY
HOHHOTO OOMEHa CleqyeT pacCMaTpHBaTh C IMO3MIMN OOIIEH TEOpHUH TeTepOreHHBIX peaknuidi. CormacHo 3TOH
TEOPUH TMPOIECC HMOHHOTO OOMEHa MJOIDKeH XapaKTepHu30BaTbCd HE TOIBKO XHMHUYECKHM  IIPEBpAILCHHEM,
NPOTEKAIOIIUM B TBepAoi (aze, HO M TIpoleccaMH IEpeHOca MacChl BEIIeCTBa U3 OAHOW (a3pl B APYIyro, IUIs
BOCIIOJIHEHHA pacxoda pCarcHTOB W YAaJICHUA HNPOAYKTOB PCAKIHU. Honnl MEOU SABJISICTCA d-SJ'leMeHTaMl/I n
00pa3yroT KOMIUIEKCHI Pa3JIMYHOTO CTPOEHUsI, CBSI3aHHBIE C CYJb(OrPYINOH HCKPUBIEHHBIMH BOJIOPOIHBIMU
CBSI3aMH, YTO SBJISIETCS PE3YJIBTATOM BIIMSIHUSL aTOMOB KHCIIOPO/Ia CyJIb(OTPYIIL.

YCTaHOBJIEHHBIH MEXaHH3M M IIOJlydeHHblE KHHETHYECKHE XapaKTepPUCTUKH JUIsl CHHTE3MPOBAHHOTO
Cyib(OKaTHOHHTA TI0 CPABHEHHIO C TIPOMBIIIIEHHBIM KATHOHUTOM YKa3bIBalOT Ha MEPCIIEKTHBHOCTh HCIOIb30BaHUS
IEPBOTO B TEXHOJNOIMYECKHX Mpoleccax m3iedeHus noHoB Cu’’, a Takke BO3MOXKHOCTh €ro MPHMEHEHHS B
TEXHOJIOTHH OYHCTKU CTOYHBIX BOJ OT MOHOB TSDKEIIBIX METAJLIOB.

W3 maHHBIX TaONHIBI BUAHO, 4TO 3HaueHHs 3(dextuBHOrO Koddduimenra quddy3nn B HaYaIBHBINA IIEPHOJ
copOLKy BO3pacTaioT, 3aTeM, CHUKAsCh, MPUOIIKAIOTCS K MOCTOSIHHON Benuuune. Poct koaddunpenta nuddysun,
MO-BHIUMOMY, OOBSICHAETCS TEM, YTO Ha HA4YalbHOHM CTaJWU COPOLMsS OCIOXHSETCs HaOyXaHHWEM 4YacTHI] MOHHTA
(mcxomHast HaBeCKa KaTHOHMTA OblJIa B CYyXOM COCTOSHMH). Bpems HaOyxaHWs HOHHWTA, a, CIEJOBATEIFHO, POCT
koapdunuenta aupdHy3ur ONpeneNseTcss yCAOBUIMHU OIbITA, MPUPOIOH COPOUPYEMBIX HMOHOB HOHHTA, CTCIICHU
CIIMBKM M ApyruMH (aktopamu. B cmydae obmena wuonop H' — Cu”" Ha jaHHBIX Cynb(hoKaTHOHUTAX
MIPOJIOSKUTENBHOCTh MOHHOTO 00MeHa cocrasiisieT 30 MUH.

I'paduk, MOCTPOCHHBIH 110 ONBITHBIM JTAHHBIM JIJISI ITOJTYYEHHOTO CYJIb()OKaTHOHHTA, OKa3aJICs MPSIMOIMHEHHBIM
K koopauHatam logQ = f(1), mokaspiBaeT BTOPOro MOpsIKa KUHETHKH, OOYCJIOBIMBAIOIIMM IIPOLIECC WOHHOTO
oOMeHa BHYTpH 3epHa nMoHHUTa. Pesynbrarsl Ha ocHoBaHume VK CreKTpasIbHBIX M JMTEpaTypHBIX JAHHBIX MOKHO
TIPENONOKUTE CBsi3biBaHHe HOHOB Meau(Il) CyIb(OKATHOHHTOM B BUE TeTpaaksa kommekca — [Cu(OH,),]* 2805,
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Takum 00pa3oM, pe3ynabTaThl HCCIEAOBaHHUA KWHETHKH copOumu noHoB Menu(ll) m3 BOOHBIX pacTBOpOB
CyJb(hOKATHOHUTAMH JBYX THIIOB B CTATHYECKUX YCIOBHUSX, a TAKXKe MPOBEICHHAs MaTeMaThdeckas oOpaboTka
KUHETUYECKMX KPHUBBIX, MO3BOJHMIN YCTAHOBHTh, YTO MEXaHWU3M COpPOLUM HOCUT CMEIIaHHBI XapakTep u
onpenaessieTcss cyMMapHbeM 3 dexrom qudPpy3un # XUMHICCKON PEaKIUH.

KiroueBble ciioBa: KHHETHKA, copOtwst, noHbl Mmenu(1l), poromerpus, muddysus, MeXaHH3M.
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SYNTHESIS OF NEW ION EXCHANGE MATERIALS
ON THE BASE OF EPOXYACRYLATES

Abstract. The article studies the properties of obtaining anionite based on a triple copolymer of
glycidylmethacrylate, styrene and Acrylonitrile and its suction of strontium ions. The composition and structure of
the obtained anion was determined by infrared spectroscopy, were also studied basic physicochemical properties of
the resulting anion.

Anionite, presented on the basis of GMA-ST-ACN, is promising in the field of ion exchange process and is used
for the extraction of strontium ions from aqueous solutions in the field of hydrometallurgy.

The work is devoted to a review of the preparation of cross-linked polyelectrolytes, the extraction of strontium
(II) ions using anionites. The possibilities of obtaining new nitrogen-containing anion exchangers based on a
copolymer of glycidyl methacrylate (GMA), styrene (St) and acrylonitrile (ACN) have been studied. The optimal
synthesis conditions were found and the physicochemical properties of the ion exchanger were investigated. Methods
for the preparation of new anionites based on a copolymer of glycidyl methacrylate (GMA) with polyethylene
polyimines (PEI) have been developed.

Keywords: glycidyl methacrylate, styrene, Acrylonitrile, polyethylenimine, polyethylene polyamine, heavy
metals, strontium (II), ion exchange resins, sorption.

Introduction. Ion-exchange resins are widely used in various fields of human activity. They are used
for softening and desalting water in the heat power industry, for treatment of waste and return water, for
separation and removal of metal particles in hydrometallurgy, for cleaning substances in the chemical
industry, for the regeneration of waste metal processing and electroplating. Therefore, the development of
effective methods for obtaining new ion exchangers with improved kinetic, ion exchange, complex-
forming properties, increased thermal and chemical resistance, as well as mechanical strength remains an
urgent problem. In the case of using ion exchangers for special purposes, their ability to sorb substances
with a relatively high molecular weight plays an important role [1]. The most well-known ion exchangers
are usually prepared on the basis of styrene and divinylbenzene copolymers. The ability to control the
amount of divinyl compound in the initial mixture of monomers during copolymerization and, most
importantly, the availability of the resulting copolymers for various polymeranalogical transformations
opens up great prospects [2].

In the process of polycondensation of SPL GMA with vinyloxyethylmethacrylate with various
polyamines (polyethylenimine, polyethylene polyamine) and acids (concentrated sulfuric, phosphoric and
thiodiglicolic acid solution) and subsequent curing, cross-linked anionites and cationites with high
exchange capacity and physical and chemical parameters were obtained [3].

The scientific novelty of the article is that the proposed cross-linked anionites (GMA-ST-ACN) can
become the first promising anionites in the field of ion exchange process that will be used in the
hydrometallurgy of heavy metals [4].

A sulfur - and phosphorus-containing cationite was obtained based on a double copolymer of glycidyl
methacrylate o - phenylvinylphosphonic acid and 96% sulfuric acid. This polymer has a high static
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exchange capacity of 0.1 n NaOH solution, equal to 8.35 mg-EQ/g, thermal stability, increased chemical,
and sorption capacity for cobalt and copper ions 49. It can be used in hydrometallurgy as a sorbent for
extracting transition metal ions.

An effective method for producing highly permeable ion exchangers with the preservation of the
pyridine nitrogen atom in the interaction of glycidyl methacrylate with polyvinyloxyethylamine and its
nitrogen-containing copolymers has been developed. Optimal synthesis conditions were determined, and
the physic-chemical and sorption properties of the resulting polymers were studied [5].

Glycidyl methacrylate (GMA), whose structural features make it possible to obtain reactive
compounds containing side epoxy groups and multiple double bonds, is a promising monomer for the
synthesis of various Homo-and copolymers. They have long been successfully used for the synthesis of
ion exchange materials for a wide range of purposes [6].

Grafted GMA copolymers can be obtained by combining side epoxigroups of the GMA-MMA
copolymer obtained by anionic copolymerization with another "live" macroanion, such as "live"
polystyrene or polyisoprene at 30°C in tetrahydrofuran. The polydispersity of the resulting grafted
copolymer depends on the nature of the solvent in which the polystyrene and poly isoprene macroanions
were obtained. Method preparative gas chromatography (GPC) it is shown that the combination takes
place exclusively on epoxypropan without the participation of the carbonyl groups.

The results of quantum chemical studies of the electronic structure of the macromolecule GMA-ST-MA
and GMA-ST-MA-H;PO,[7] are presented.

Experimental. Synthesis of the glycidyl methacrylate copolymer with styrene and Acrylonitrile. The
synthesis of the glycidyl methacrylate copolymer with methyl methacrylate and Acrylonitrile was
performed by a radical method in a dioxane solution. Homo-and copolymers of GMA were synthesized by
radical polymerization in a solvent (acetone, dioxane) in the presence of a DAA initiator of a
concentration of 5-10° mol / I at a temperature of 90°C in sealed molybdenum glass ampoules in an
atmosphere of inert argon gas. Soluble polymers were purified by double precipitation from acetone to
sulfur ether. Cross-linked copolymers (GMA-ST-ACN) were washed from unreacted monomers in
1,4-dioxane. Samples were dried at room temperature in a vacuum-drying cabinet to a constant mass.

Methods of synthesis of anion exchangers and cation exchangers. Condensation of linear and cross-
linked GMA copolymers with polyamines (PEI, PEPA) and acids (H,S04, H;P04 (75 %), H;P04 (ml)) was
performed in an environment of organic solvents. In a three-neck flask equipped with a mechanical stirrer,
a thermometer and a drop funnel, an amine suspension was loaded or acid was added and a copolymer
solution was gradually dug in an organic solvent [9]. With intensive stirring, the mixture was heated to
30°C (H2S04, H;P04 (75%), H3;P04 (ml)), 80 °C (PEI, PEP) and after the formation of the gel was
unloaded into a porcelain cup, cured for a day at (60-120)°C, crushed, sieved, selecting a fraction with a
granule size (0.25-1.00) mm. the Ionites were repeatedly washed with a solvent, extracted in the soxlet
apparatus with methyl alcohol for removing unreacted substances, dried to a constant weight under
vacuum at (25-30)°C.

Results and Discussion. Cations and anions on the basis of various copolymers of epoxyacrylate.
Synthetic sorbents, especially selective chelating ionites, attract increasing attention when solving
important environmental and technological problems. In the conditions of increasing technological
prospects of synthetic ionites, it is very important to expand their range and study their properties. An
important task facing the researchers is to create new promising monomers with different chelating
groups, linear and cross-linked highly permeable polymer ion exchangers, selective phosphorus-and
sulfur-containing ionites, strong and weak acid cation exchangers, anionites, amphoteric, optically active
and organo - mineral polyelectrolytes, characterized by high ion exchange rates, thermal and radiation
stability, and mechanical strength. Due to the presence of reactive functional groups in the molecule,
epoxyacrylates are not only available monomers, but also quite promising [10].

Study of the structure of model epoxy-containing molecular systems by IR spectroscopy. Known
polyelectrolytes of gel structure do not solve the problem of sorption of large metal ions and organic
compounds. Weakly cross-linked strongly swollen samples have low mechanical characteristics, while
macroporous samples [11] are permeable only for ions of limited size in the macropore region, and not for
all active groups of the sorbent.

One way to solve this problem is to obtain copolymers with long-chain crosslinking agents. The use
of di-and polyvinyl compounds with different distances between multiple bonds makes it possible to
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regulate the degree of crosslinking of macromolecules during copolymerization [12] and to obtain on their
basis mechanically strong and osmotically stable macro-mesh ionites with the necessary size of the spatial
grid [13].

Copolymers of GMA-ST-ACN were synthesized by radical polymerization in solution at the ratio of
initial monomers [GMA]: [ST]:[ ACN]= 60: 20: 20 mol.%.

The structure of the obtained triple copolymers GMA-ST-ACN was determined by IR spectroscopy
(figure 1). The absorption frequencies in the copolymer spectra are assigned based on the IR spectra of the
original monomers.

£ Tunow 08120336 234 MWR-C FASH

16741

13885
10052

Absorbance

6603

Waverunbers (cm1)

Figure 1 - The IR spectrum of the copolymer of GMA-ST-ACN

Studies of IR spectra of GMA-ST-ACN copolymers have helped to establish that the absorption
bands of asymmetric and symmetric valence oscillations of C-O, C-C, C-H bonds of the epoxy cycle are
observed at 908.0; 862.6; 761.5 and 705.5 cm™. The absorption frequency at 1674 cm™ refers to the
valence oscillations of the double bond. In the spectrum of the latter, as well as in the spectrum of its
analog-isopropyl ether, a triplet structure is manifested in the region of 1169.3 cm™.

According to IR spectroscopy data, the elementary repeating link of GMA-ST-ACN copolymers is

schematically represented (figure 2) can be represented as follows:

-+ C112=?II -+ CH,=CH t= 80-90°C

CH;

3

o |
! S o

1120—? H2C—(|:H H,C—Cl

Cc=o0 CeH s

?Hz n m r

Figure 2 - The structural formula of the copolymer of GMA-ST-ACN
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Based on these compounds, methods for the synthesis of highly permeable ion exchangers with

improved kinetic characteristics have been developed [14].
Sorption of strontium ions by anion exchanger based on a copolymer of GMA-ST-ACN: PEIL The

problem of creating new high-performance sorbents for wastewater treatment and extraction of mercury
ions, polyvalent and transition metals in hydrometallurgy, medicine, food industry, water treatment, for
sorption and concentration of isotopes, as well as for solving problems of oil spills on the water surface,
integrated use of natural and energy-saving resources and environmental protection in the Republic of

Kazakhstan remains relevant [15].
In non-ferrous metallurgy and metal processing enterprises, waste water contaminated with heavy

metal salts is generated in technological processes, which have a very harmful effect on the ecosystem. In
this regard, the study of sorption properties in relation to heavy metal ions of new ionites is of scientific
and practical interest [16].
sc, 120 Y
mgE 400 - /
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Figure 3 - Isotherms of Sr* * ion sorption by GMA-ST-ACN anionite: PEI contact duration 7 days

0 2 4 6 pH 8

Figure 4 - Dependence of Sr*" ion sorption by GMA-St-ACN anionite: PEI on the pH of SrCl, solutions
(continued. Cohn. 7 days.)

The study of the effect of the pH of the solution on the sorption of the Sr (II) ion, anionite is of great
importance. It was found that anionites based on the GMA-St-ACN-PEI copolymer quantitatively extract
Sr (II) ions in acidic media at pH 5 (figure 4).Thus, we can say that the resulting sorbent in acidic

environments well forms complex compounds.
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Figure 5 - Kinetic curves of strontium ion sorption with GMA-St-ACN anionite:
PEI from SrCl, solutions (C=2.0 g/ 1, pH= 2.6)
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From figure 5, which shows the dependence of the CE anionite GMA-St-ACN-PEI on the time of its
contact with the SrCI2 solution (C=2.0 g / 1, pH= 2.6), it follows that the equilibrium is established in
2.5 hours. Therefore, this ion exchanger has high kinetic properties.

Conclusions. This article is devoted to the development of available methods for obtaining new
anionites based on triple (GMA-ST-ACN) glycidyl methacrylate copolymers, establishing optimal
conditions for their synthesis, and investigating their physical, chemical, and sorption characteristics.

Methods for the synthesis of new highly permeable anionites based on the GMA-ST-ACN copolymer
have been developed, optimal synthesis conditions have been found, and their physicochemical and
sorption properties with respect to strontium ions have been studied.

It was found that they differ in high values of exchange capacities, increased chemical and thermal
stability, and improved sorption capacity in relation to heavy (Sr*") metal ions.

JLK. I)IﬁpaﬁM)l(aHOBal, H.9. Bexrenos?, K.O. Caapikos’

, 'M.X. Jlynaru arsinnars Tapas MemiaekeTTik yausepeuteti, Tapas, Kazakcran;
Abaii aThiniarel Kazak YITTBIK MearoruKaliblK YHUBEpCHTETI, Amarel, Kazakcras;
3«O.B. BeKTypOB aThIHIAFbl XUMHS FHUTBIMAAPEI HHCTHTYTh AK, Anvatsr, Kasakcran

SIOKCHUAKPUJIAT HETT3IH/IE
KAHA HOHAJIMACTBIPYIIBI MATEPUAJITAPJABI CUHTE3JIEY

AHHOTanusi. Makanaja YIITIK COMOJMMEpP T[IUIUAWIMETAKPUIAT, CTUPOJ JKOHE AKPHIOHHTPUI HeETi3iHe
AHMOHUT aJly JKOHE OHBIH CTPOHIIMI MOH/APBIH COPBIN aJly KACHETTEpi KapacThIpbLUIFaH. AHUOHHUTTIH KYPaMbl JKOHE
KypbuUTbiMbI IK-CHIEKTPOCKOIIHS YKOHE 3JIEMEHTTIK aHaIu3 dMICTePIMEH aHBIKTAIIbI, (PU3UKO-XUMIBUIBIK KaCHETTepl
3epTTeIl KOHE CHHTE3/IiH ONTUMAIIIbI XKaFJaiiIapbl aHbIKTAIIJIbL.

I'MA-CT-AKH HeriziHA€ YCHIHBUIFAaH aHHOHHUT HOHAJIMAaCTHIPY MpoLeci aiMarblHIa MEePCHEeKTUBTI OOJIbI
caHaJabl XKOHE THIPOMETaUTYyPrusl CallaChIH/a CYJIbl €PITiHIIACH CTPOHIMK HOHIApbIH 06JIiI amy/a KOJAaHbUIA/IbL.

JKanmel cTpOHIMK 3JEMEHTI KOpIIaraH OpTaHbl JIACTayIbIH HETI3ri Ke31 OOJBIN ecemnTeseal, Ko jKariaima
SIPOJIBIK  Kapy Jkacay MEH aTOM ©HEPKICIOIHIH KYMBICTAPBIMEH THIFBI3 OaimaHbicThl. Tipi opraHm3Muepieri
CTPOHIIMI MOHAAPBIHBIH NIAMAJaH THIC MOJIIIEP] Tipi aF3a YIIiH 6Te KayilTi ®oHE KONTEreH aypyFa yibipataabl. Ox
TypaJbl aBTOpIap 0acka MaKaxachlHIa TOJBIFBIPAK TOKTaFaH [1].

OpraHuKaIbIK JKoHe OeHOpraHMKAIIBIK KOCBUIBICTApIbIH KYypIeiai MOJICKyJalaphlH Oeryre, Oein aayra yoHE
TazapTyra OaiJIaHBICTHI HOH aMacy MpoIecTepi YIKeH HOHAap MEH MOJIEKYIajap bl CiHipyTe KadijieTTi COpOeHTTEp
xacaybl Kaxer erei. COHIBIKTaH HKOFapbl OTKI3TIIITI HOH aJIMaCTBIPFBILITAP/IbI KOJIAHY aTallFaH MACeJIeH] THIMI
HICIIYIiH aaFbImapTTapsl 00Jbin caHamanpl. COHBIMEH KaTap, MyHmail copOeHTTep OipKarap 3KOJOTHSIIBIK
MOCeIIeNIepl MICIHI, COJI apKbLIbl PeCypCTapibl YHEMICHTIH TEXHOJIOTHsIApAbl KypyFa MYMKIHIIK Oepemi. By
COpOEHTTEepAl OHIIPYMIH TUIMII OMICTEPiH 93ipJjeyre >KOHE OJIApPIbIH KACHETTEpPiH 3epTTEyre, OHAIPIC TEXHOJO-
THSICHIH KETUIAIPYTe XKOHE OJapAblH ACCOPTUMEHTIH KEHEHTETIH 3epTTEYJICPIi )KYPri3yre KbI3bIFYIIbUIBIK TYABIPAIBI.

VoH aMacTBIPFBIIITAP KAJIBIKCHI3 KOJOTHSJIBIK Ta3a OHIIPIC CXeMaChIH JKacayaa KaXeTTI KOMIIOHSHTTEPIiH
6ipi Oonpbin canamanpl. OChl MakcaTTa TefbJiK JKOHE Makpo TOPJIBIK KYPBUIBIM COPOEHTTEpiH KOJIJaHy opAaibiM
MYMKIH eMeC, OWTKEHI OJlap PEaKTHBTI OpTara COMKeC KEIMEW[i, SFHH percHepanus IPOLECIHIH KHBIHBIFBIHA
OalIaHBICTBl arpeccuBTi epiTIHAIIEpPre TYpaKChI3, XETKUIIKTI OTKI3TIMITIr KOK, an Keilipeyiepi XUMUSUIBIK,
TEPMIUSIIBIK OPTaa TYPAKCHI3 OOJIBIM KEJe/i.

CoHFBl yakKpITTa 3€pTTEYNIUICP KBI3BIFYIIBUIBIFEI JKOFAPhl CEJICKTHBTI OOJBIT KEICTIH METAJIbIH IIIKi
KOMIUIEKCTI KOCBUTBICTAP TY3€ ajaThiH MOJUAMHUH Kypambl 0ap HOHUTTEPre apTy/a.

TToMAIEKTPOIUTTEPAl ATYABIH OMICTEpl KOICATHUIBI, OJjap KaTaIW3aTop pEeTiHAE KOJDKETIMIUTI a3 »KoHe
KbIMOAT KOCBUIBICTAp/ibl, KYpJeJl amnmapaTTeik Anu3aiiHIabpl KaxeT ereni. OckiFaH OaiIaHbICThI KHHETHKAIBIK JKOHE
(bu3MKa-XUMUSJIBIK KaCHETTepl JKaKCApPThUIFAH HMOH alMAaCTBIPFBILITAPIBI CHHTE3JECY/AIH MNEePCIEKTHBAIBIK OJIiC
*Kacayra Ke0ipek KeHLI OeiHye.

3eprTeyAi TYXKBIPBIMAAY KaKETTUIrT HOHHUTTEPIiH ©OHEPKACINTIK MapKallapbIHBIH YJKEH acCOpTHMEHTiHE
KapamacTaH, OJap/bIH KONIIUIriH/Ie naiiiatany MYMKIHIIKTepiH MEeKTeUTIH OipKaTtap KeMIIUTIKTep 0ap eKeHIIriHe
OaiinanpIcThl. COHABIKTAH (PH3MKA-XUMUSIIBIK JKOHE COPOIMSIIBIK CHUIATTaMAlIapbl JKaKCapThUIFAH MOJU(YHKIIHO-
HAJIJBI XKOFAphl OTKI3TINI MOHUTTEPAlI KYPYIBIH OacTamKsl MOHOMEpJIEPI MCH MEPCIIEKTUBANIBIK KOJIIAPBIH 13/1ey
©3eKTi Macesie OOJIbIN caHanaibl. Makaa atajiFaH MOCEJICHI MIeNIyTre apHaJFaH.

JKyMBbIC TITUITGH MOMUAICKTPONIUT T€H AHUOHUTTEPl KoJjiaHy apkbuibl crpoHimii (II) monmapbiH anyra
apHasrad. KypamblHIa a30T Ke3jeceTiH kaHa aHnoHuTTepAi rumuauiMmerakpuiaar (I'MA), ctupon (Ct) xoHe
akpuionutpui (AKH) comonmmepi Herizinae amy skonmapbl 3epTrenmi. CHHTE3IIH OHTAWIbI MapTTaphbl aHBIKTAIBI
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JKOHE MOHUTTIH (PU3HKA-XUMUSIIBIK KacueTTepi KapacTeIpbuiabl. [lommatmnennomnvuaaepmer (PED) rmnmanmve-
takpmiaT (CMA) comonmumepi HeTi3iHAe )KaHA aHHOHUTTEP aly dAicTepi 931pIICHI.

FrutbIMu-TOXKIpHOETIK  JKYMBICTBIH HOTIDKECIHIE THAPOMETAILTYPTHs cajachlHOa TNPAKTHKAIBIK TYPFBIIA
KOJIJaHy YIIiH KaKCapThUIFaH (pU3UKa-XUMHUSIIBIK CHIIaTTaMasiapbl 6ap sKoHe )KOFapBIIaFsl KaTaH TalalTapra yKayan
OepeTiH AMOKCHAKPUIATTAPBIH COMOJIMMEPIIeP] HEeTi31HIe aHUOHUTTED aly/Ibl KAMTaMacChI3 €Tyre 00Jabl.

Tyi#lin ce3mep: TIMIHUIMIMETAKPUIAT, CTHUPON, AKPUIOHUTPHII, MOJIMITHICHHUMHH, MOIHITHICHIIOINAMIH,
aybIp MeTajap, crponuuii (11), noHaIMaCTBIPFBIL MAKWbIPIIap, COPOLKSL, aHUOHHUT.

JLK. bI6paiim:kanosa’, H.A. Bekrenos’, K.A. Caabikos®
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*Kasaxckuil HalMOHABHBIH Te/[arorHuecKuii yHiBepcHTeT nMeHn AGas, Anvarsl, Kasaxcran
*AO «MHCTHTYT XMMHUecKHX HayK nM. A.B. BextypoBa», AnMatsl, Kasaxcran;

CHUHTE3 HOBBIX TOHOOBMEHHBIX MATEPUAJIOB
HA OCHOBE 3IIOKCUAKPUJIATOB

AnHoTanusi. B crarbe u3ydeHbl CBOWCTBA NMOJYy4YEHHs aHMOHWUTAa Ha OCHOBE TPOMHOIO COIOJHMMEpA IIIUIH-
JUIIMETaKpuIIaTa, CTUpPOJia U aKpUJIOHUTPHIIA M €ro OTCachlBaHMsl MOHOB cTpoHUMs. CocTaB U CTPYKTYpa aHMOHHTA
omnpenenensl Merogamu MK-criekTpockonnu 1 3J€MEHTHOTO aHalln3a, U3y4eHbl (HU3MKO-XMMHUYECKHE CBOMCTBa W
OINpENETICHO ONTUMAIIbHBIE YCIOBHUSA CHHTE3a. AHMOHMT, npeicTaBieHHbi Ha ocHoBe I'MA-CT-AKH, sBngercs
MepPCIEKTUBHEIM B 00JIACTH MOHOOOMEHHOTO IIpollecca W HCIOJb3YyeTcs Uil M3BJICUCHHS HOHOB CTPOHLHUS W3
BOJIHBIX PACTBOPOB B 0OJIACTH THAPOMETALIYPrud. B 0O0ImeMm, CTpOHIMH SBISETCS OCHOBHBIM HMCTOYHHKOM
3arpsi3HEHUsI OKPY’KaloIledl cpelpl, BO MHOTOM HEpa3phIBHO CBSA3aH C CO3/AaHHMEM SIEPHOTO OpYXXHS M paboTon
ATOMHOM MPOMBIIUICHHOCTH. Upe3MepHoe colepKaHHe MOHOB CTPOHIHMS B JKMBBIX OPTaHM3Max OYECHb OIACHO LIS
JKUBOTO OpPraHu3Ma W TPUBOAWT K MHOTOYMCICHHBIM 3a0oieBaHusM. OO0 3TOM aBTOPHI MOAPOOHO OCTAHOBATCS B
cienytromieii cratee [1].

HoHOOOMEHHBIE MPOLECCHI, CBSI3aHHBIE C pAa3/ENICHHEM, BBIJCICHHEM M OYHCTKOW CIOXHBIX MOJEKYI
OpPraHMYeCKUX M HEOPraHMYECKUX COEIUHEHHH, TpeOyIOT CO3/1aHHs COpPOEHTOB, CIIOCOOHBIX IMOIIIONIATh OOJbLINE
HOHBI U MOJICKYJIBI. HOQTOMy MMPUMEHCHHUEC BbBICOKOYACTOTHBIX HOHOOOMEHHBIX yCTpOI\/IICTB ABJISICTCS npe,unocmnKof/i
st 3 dexkTuBHOTO perreHust 3Toi npodieMsl. KpoMe Toro, Takue COpOSHTHI O3BOJISIT PEIIUTh PSIJT IKOJIOTHUYSCKHX
npoOJieM 1 co3/1aTh Ha UX OCHOBE pecypcocOeperaronife TEXHOJIOTHU. JTO, B CBOIO OYEpe/b, BBI3BIBAET HHTEPEC K
paspadoTke 3((EKTUBHBIX METOIOB IPOM3BOACTBA TAKHX COPOCHTOB M M3YYEHHMIO HMX CBOWCTB, INPOBEICHHIO
WCCIIEOBAaHUH, NpPETyCMaTPUBAIOIINX COBEPIICHCTBOBAHME TEXHOJOTMH IPOW3BOJCTBA M PpACIIMPEHHE UX
ACCOPTHMEHTA.

MNoHOOOMEHHUKY SIBIITIOTCSL OJHOW M3 HambOoyiee HEOOXOAWMBIX KOMIIOHEHTOB IpH pa3paboTke 0e30TXOIHOU
9KOJIOTHYECKH YHCTOU CXEMBI MPOU3BOICTBA. J[JIsI 3TOU IeNN UCTIONB30BaHIE COPOCHTOB TeIeBOI M MaKpOIIOPUCTOM
CTPYKTYpBl HE BCErja BO3MOXKHO, TaK KaK OHM HECOBMECTHMBI C PEarupyromei cpenod, T.e. HEyCTONYUBBI K
arpecCHBHBIM PacTBOpaM, HEJOCTATOYHO IIPOHMIIAEMBI, & HEKOTOpBIE SIBJISIOTCA HECTAOMIIBHBIMH B XUMHYECKOM,
TEPMHUUECKOH Cpezie, a TAKIKE CBSI3aHbI C TPYAHOCTSIMU IIPOLIECCa PereHepaltu.

B nocnennee Bpemsi Bce Ooiiblliee BHUMaHHE MCCIIE0BATENEH MPHUBJICKAIOT IMOJHAMUHOCOAEPKAIINE HOHUTHI,
CHOCO6Hble O6pa30BblBaTb C LCJIBIM pAAOB METAJUIOB BHYTPHUKOMIUICKCHBIC COCAMHEHUS, BCICACTBUC UX BBICOKOH
CENICKTHBHOCTH.

HaubGonee n3BecTHBIE CIIOCOOBI MOYYEHHs HMOIMUAICKTPOINTOB SIBISIOTCS MHOTOCTAMHHBIMH, TPEOYIOIIMMHU
UCIIONIb30BaHM B KAuecTBE KaTalW3aTOpPOB MAJIOJOCTYIHBIX M JOPOTOCTOSIMX COCJMHEHHH, CII0KHOTO
anmapaTtypHoro odopmiieHns. B cBsi3u ¢ 3TiM Oo0JbIIOE BHUMaHKE YAETISAETCS pa3paboTKe NEPCIIEKTHBHBIX METOIOB
CHHTE3a HOHOOOMEHHHKOB C yIy4IICHHBIMA KHHETHUECKUMH U (PU3NKO-XUMHUECKHMH CBOWCTBAMH.

Heo0xoauMocTh TOCTaHOBKM HCCIICOBAaHHMS BbI3BaHA TEM, YTO, HECMOTPS Ha OOJBIIOW aCCOPTHMEHT
MPOMBIIICHHBIX MapOK HMOHMUTOB, MHOTME M3 HHX OONafaloT pAIOM CYLIECTBEHHBIX HENOCTaTKOB, KOTOpBIC
OrpaHUYMBAIOT BO3MOKHOCTH X MCHONB30BaHUs. [103TOMY MOMCK MCXOIHBIX MOHOMEPOB M HEPCIIEKTUBHBIX ITyTeH
CO37aHMs MOJIM(QYHKIMOHATBHBIX BBICOKONIPOHUIIAEMBIX HOHUTOB C YJIYYIICHHBIMH (DU3MKO-XUMHYECKHMH |
COpPOLIMOHHBIMU  XapaKTEPUCTHKAMHU SIBIISIETCS aKTyalbHOM 3ajaueil. PerieHuio 5TOM 3a7auM M TOCBSIIIEHA
HACTOSIIAs CTAThsI.

PabGora mocesimeHa 0030py MOJIyYEHHUS! CIIMTBHIX ITOJUAJIEKTPOJIUTOB, W3BiedeHus: noHoB crponuus (II) c
UCIIOJIb30BaHNEM aHWOHUTOB. V3ydeHbl BO3MOXKHOCTH TMOJYYEHHs] HOBBIX a30TCOJIEp)KAIMX AaHHOHUTOB Ha OCHOBE
cononumMepa mmnuauiaMerakpuwiara (IMA), crupona (Cr) u akpunonntpuina (AKH). Haiinens! ontumanbHble
YCIIOBUS CHHTE3a M MCCIII0OBAaHbI (PU3NKO-XUMHYECKHE CBOMHCTBA HOHUTA. Pa3paboTaHbl METObI MOTYYEHHST HOBBIX
aHMOHUTOB Ha OCHOBE coronmMepa riannuaunamerakpmiaTta (TMA) ¢ mommstriennonuvuHam (PEI).

— 20 —
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B pesynbTare Hay4HO-3KCIEPUMEHTAILHOTO PabOThl MOXKHO O00ECICUMBATH MMOJNYYCHUE aHHOHUTOB Ha OCHOBE
COIOJMMEPOB MOKCUAKPUIIATOB C YIYUIICHHBIMU (PU3NKO-XUMHUYECKUMH XapaKTEPUCTUKAMU Uil MPAKTHUYECKOTO
MPUMEHEHHS B 00IaCTH THAPOMETAILTYPIHH.

KaroueBble ciioBa. IIHIUANIMETAKPUIAT, CTUPOJI, AKPUIOHUTPUII, TONUITUIICHUMHUH, MOJIUITHICHIIOIUAMHH,
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SYNTHESIS AND PHYSICOCHEMICAL CHARACTERISTICS
OF MESOPOROUS ALUMINOSILICATES

Abstract. In the article, the synthesis of mesoporous aluminosilicates was carried out according to the
developed methods, in which tetraethylorthosilicate Si(OC,Hs), was used as a source of silicon, secondary aluminum
butoxide (sec-BuO);Al and aluminum triisopropoxide Al(i-OPr); were used as aluminum's sources. The synthesis of
mesostructured aluminosilicate is based on the method of copolycondensation of silicon and aluminum sources in the
presence of alcohol. Hexadecylamine (HDA, C,¢H3;NH,) was used as a template for the formation of a porous
structure. The physicochemical characteristics of the synthesized structured mesoporous aluminosilicates have been
studied. It was found that the synthesized materials MAS-1 and MAS-2 possess high specific surface area from 511
to 1170.0 m*/g. The presence of a mesoporous and ordered structure in the synthesized aluminosilicates is confirmed
by the data of low-temperature nitrogen adsorption/desorption, X-ray diffraction and FT-IR. To determine the
relative strength of Brensted and Lewis acid sites on the surface of mesoporous aluminosilicates, diffuse reflectance
infrared Fourier transform spectroscopy (DRIFT) of adsorbed pyridine samples was carried out. DRIFT analysis data
demonstrated a majority of Lewis acid sites on the surface of the synthesized materials. We are currently studying
the possibility of applying these materials as acidic components of bifunctional catalysts for petrochemical processes.

Key words: Mesoporous aluminosilicates, template, bifunctional catalysts, porosity, Lewis and Brensted acid
sites.

Introduction. More than 20 years ago, the synthesis of catalytically effective ordered mesoporous
materials was reported for the first time [1-5]. Ordered mesoporous materials with adjustable pore sizes in
the range of 2-50 nm have attracted much attention due to their unique structure with ordered porosity,
large surface area and volume of pores, as well as potential applications, mainly in the field of catalysis,
adsorption, separation, sensors and fuel cells [6]. Mesoporous aluminosilicates are one of the mesoporous
materials that are of great interest for study, since they have become widely used as catalysts for the
conversion process of n-alkanes into their branched isomers. Mesoporous aluminosilicates contribute to
the high selectivity of the isomerization process (> 90%) at medium degrees of conversion (60-75 %), and
also through the use of various methods of their synthesis, it becomes possible to regulate the size of their
pores and, as a consequence, to obtain the size of molecules larger than in zeolites and other catalysts
[7-10].

Mesoporous aluminosilicates can be synthesized using various "bottom-up" and "top-down"
technologies such as co-precipitation, graft copolymerization, and precipitation using a silicon source and
an aluminum source [11].
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Mesoporous aluminosilicates form three different phases: a hexagonal phase, a cubic phase, and an
unstable lamellar phase. Among them, mesoporous aluminosilicates with a cubic phase are widespread,
while the other two are of limited use in catalysis [12, 13]. The synthesis of mesoporous aluminosilicates
is based on the use of templates and their further removal by calcining at 450-600 °C. The use of nonionic
surfactants as templates is of greatest interest for petrochemistry and oil refining. Materials synthesized on
the basis of hexadecylamine possess the highest specific surface area (up to 1030 m*/g) compared with
other widely used templates, for example, triblock copolymers of polyethylene and polypropylene oxide
(only up to 750 m*/g) [14]. Another important issue in the synthesis of mesostructured aluminosilicates is
the silicon to aluminum ratio (Si/Al). Karakhanov et al. [15] found that the most optimal ratio Si/Al = 10.
Thus, mesoporous aluminosilicates with a high aluminum content possess higher specific surface area of
1030 m?/g in comparison with samples with a Si/Al ratio = 20, 40 (673, 963 m*/g, respectively), and also
provide higher selectivity of n-dodecane hydroisomerization.

In this work, we present the results of a study of the effect of the mesoporous aluminosilicates'
synthesis method on their physicochemical characteristics.

Experimental part. Samples of mesoporous aluminosilicates for the synthesis of which
hexadecylamine was used as a structure-forming template were prepared by the authors. The synthesis of
mesostructured aluminosilicate was based on the method of copolycondensation of tetraethylorthosilicate
Si(OC,Hs)4 and secondary aluminum butoxide (sec-BuO);Al/aluminum triisopropoxide Al(i-OPr); in the
presence of alcohol. For this, the sources of aluminum were dissolved in alcohol. Then a solution of
tetraethylorthosilicate was added dropwise to them under intensive stirring. In parallel, while heating a
solution of hexadecylamine with alcohol was prepared. After complete dissolution of the template,
distilled water was added to the solution. A solution of silicon and aluminum compounds mixture was
added portionwise to the resulting viscous homogeneous mass containing the template solution. Further,
after adding water dropwise and with stirring for 10 minutes, the resulting mixture was stirred for 6 hours
at room temperature. Then it was kept without stirring at room temperature for a day. Next, the precipitate
was filtered on a Buchner funnel, dried at room temperature for 24 hours, and then slowly heated in an
oven to 110 °C during 3 hours. The resulting solid-phase substance was placed in a tubular furnace and
heated to 600 °C at a heating rate of 1 °C/min, after which the sample was calcined at this temperature for
6 hours in an oxygen flow.

The porous structure of the synthesized samples and the values of the BET surface area were studied
using the standard nitrogen adsorption/desorption method on a Quanta Chrome Autosorb-6 sorptometer.

The ordering of the porous structure of the synthesized materials was analyzed using the method of
small-angle X-ray scattering. X-ray diffraction patterns were recorded on a Rigaku D/MAX 2200
diffractometer with a Cu K radiation source.

Determination of Lewis/Bronsted acid sites in the synthesized catalysts was carried out using
experiments of diffuse reflectance infrared Fourier transform spectroscopy (DRIFT) of adsorbed pyridine
using a PerkinElmer Spectrum One FTIR-spectrometer. Before these tests, the samples were pretreated at
110 °C to remove water adsorbed on acid sites. After adsorption of pyridine, the samples were dried at
40 °C before DRIFT analysis. The background spectrum was recorded using KBr. The spectra obtained
after pyridine desorption were subtracted from those measured before pyridine adsorption (fresh samples)
in order to determine the bands relative to the Lewis and Brensted acid sites.

The IR spectrum of the samples was obtained on a Thermo Nicolet 8700 FT-IR spectrometer with a
spectral resolution of 4 cm™.

Results and discussion. The nitrogen adsorption/desorption isotherms in both studied samples belong
to type IV according to the classification of Brunauer, Emmett and Teller; the presence of a hysteresis
loop in them is correlated with capillary condensation occurring in the mesopores. However, they differ in
the type of hysteresis loop (figure 1). If on the isotherm of the MAS-1 sample the hysteresis loop belongs
to the H1 type, indicating a narrow pore size distribution and ordered structure, then on the isotherm of the
MAS-2 sample - to H4 type and indicates narrow slit-shaped pores [16]. The synthesized materials also
sharply differ in specific surface area (MAS-1 — 511 m?*/g, MAS-2 — 1170.0 m%/g), the average pore
diameter and pore volume vary from 3.82 nm to 2.19 nm andl.47 cm’/g to 0.875 cm’/g (table 1).
According to the data shown in figure 2, for both samples the maximum on the pore size distribution curve
is observed at 3.5-4.2 nm. The average pore size for all three samples is due to the presence of a small
minority of macropores.
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Figure 1 — Nitrogen adsorption/desorption isotherms on MAS-1 and MAS-2 samples

2.50E+00 4,50E+00
4,00E+00
2,00E+00 3,50E+00
3,00E+00
S1,50E+00 —o— MAS 2,50E+00
g 2,00E+00
©1,00E+00 1,50E+00
o]
2 1,00E+00
5,00E-01 5,00E-01
0,00E+00
0,00E+00 1 10
0 5 10 Pore diameter, nm
Pore diameter, nm
Figure 2 — Pore size distribution for MAS-1 and MAS-2 samples
Table 1 — Physical properties of samples
. 2 3 Average pore diameter,
Sample Specific surface area, m”/g Volume of pores, cm’/g am
MAS-1 511.0 1.469 3.82
MAS-2 1170.0 0.875 2.188

To confirm the mesoporosity and orderliness of the porous structure of the synthesized materials, the
X-ray scattering method was used.

—— )4 ——
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Figure 3 — Small-angle X-ray diffraction pattern of mesoporous aluminosilicate MAS-1

Figure 3 shows an X-ray diffraction pattern of small-angle scattering of a mesoporous sample MAS-1,
according to which the presence of a pronounced peak in the 2.1° 20 angular range indicates the presence
of a mesoporous structure. For the MAS-1 sample, the intensity peak is in the 2.1 ° range, which at the
wavelength of the radiation used corresponds to an interplanar distance of 4.2 nm.

DRIFT spectroscopy of adsorbed pyridine samples was performed in order to determine the relative
strength of Brensted and Lewis acid sites on the surface of mesoporous aluminosilicates (figure 4).

Transmittance, a.u.

Wavenumber. cm:

Figure 4 — Diffuse reflectance infrared Fourier transform (DRIFT) spectra of mesoporous aluminosilicates

The studied samples show absorption bands at 1445, 1490 and 1595 cm™. The observed bands at 1445
and 1595 cm™ in the spectra are explained by the presence of hydrogen-bonded pyridine adsorbed on the
centers of Lewis acids [17, 18]. The band observed at about 1490 cm™ is due to the adsorption of pyridine,
both at the Lewis centers and at the Brensted acid sites. It should be noted that the appearance of an
absorption band at 1640 cm™ in the spectrum of the MAS-2 sample indicates the presence of Bronsted
acid sites.

FT-IR spectroscopy was used to study the retention of crystalline ordering in the synthesized
mesoporous aluminosilicates. FT-IR spectra of synthesized samples in the range of 400-4000 cm™ are
shown in figure 5. Fourier transform infrared spectroscopy (FTIR) complements X-ray diffraction in the
search for modifications in crystallinity by comparing peak intensities in the range from 400 to 1300 cm™
[19]. These bands are grouped into two types of vibrations of TO, tetrahedral units (where T = Al or Si):
vibrations associated with connections between TO, tetrahedra, which are therefore sensitive to structural
modifications, and vibrations of TO, tetrahedra, insensitive to structural modifications..
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Figure 5 — FT-IR-spectra of synthesized samples

According to the data in Figure 5, the appearance of the 1059 cm™ band can be attributed to
asymmetric stretching vibrations of Si-O and Al-O, while the 800 cm™ band in the spectra of the studied
materials indicates crystalline ordering [20], i.e., apparently, this is due to the internal vibration of TO4
tetrahedra containing Al and Si. The absorption band at 450 cm™ corresponds to the deformation
vibrations of SiOs.

Thus, the ordered mesoporous aluminosilicates MAS-1 and MAS-2 were synthesized using various
sources of aluminum. The synthesized samples were examined using various physicochemical methods of
analysis. The presence of a mesoporous and ordered structure in the synthesized aluminosilicates is
confirmed by the data of low-temperature nitrogen adsorption/desorption, X-ray diffraction and FT-IR.
According to the DRIFT analysis data, it was shown that the surface of the synthesized materials mainly
contains Lewis acid sites. We are currently studying the possibility of using these materials as acidic
components of bifunctional catalysts for petrochemical processes.

The source of research funding: The work was financed by a grant for young scientists for the
implementation of scientific research on scientific and technical projects: No. AP08052032 "Development
of technology for the production of new catalysts based on mesoporous aluminosilicates for the production
of diesel fuel with improved low-temperature properties".
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ME3OKEYEKTI AIIOMOCHUJIMKATTAP CUHTE3I MEH
OU3NKA-XUMUSIBIK CUITATTAMACBI

AHHOTanMsi. Makanana Me30KeyeKTi aTFOMUHOCHINKATTAP/bI CHHTE3ICY 9ICiHIH (DU3NKA-XUMHUSIIBIK CUITATTa-
MachlHa 9CEPiH 3ePTTeY HOTMXKENepi YChIHbUIFaH. Me30KeyeKTi allFOMOCHINKATTAp JaibIHAATIbIN, CHHTE3IHE TeKCcae-
[MJIaMHH KYPBUIBIMJBIK TEMIUIAT PETiHIe HaifanaHbuiibl. Me30KYphUIBIMIIB! ATFOMOCHIMKAT CHHTE31 CIIUPT KOCHI-
nateiH TerpasTmopTocumukaTr Si(OC,Hs), koHe exiHmimik amoMuHNi OyTokcnn (ekiHmiik-BuO);Al/amo-muanit
tpum3onponmiatAl(i-OPr); comommkonaencanus oaicine HerizgenreH. O YIIiH alFOMUHAN KO31 CIHPTTE epITLTIIL,
KapKBIHIBI apajiacThIpy OaphICHIHA TETPA3TIIIOPTOCIITUKAT ePITIHAICI TaMINBUTATHUIRI KOChUIabl. COHBIMEH KaTap,
KbI3/IIPY apKbLIbl TE€KCACHMIAMUHHIH CIMPTIICH epITiHAICI AalbiHIAAbI. TeMIuaT epiTiHici KOChUIbI albIHFaH
KO0, OIpTeKTi Maccara Oenme TemIepaTypackiHOa 6 caraT OOMBI apanxacThIpy apKbUIBI KPEMHHU KOHE aTFOMHHUI
KOCBUIBICTAPhl KOCIACBHIHBIH EPITIHAICI O6NIKTeN KOCBUIBIN, | KYH KenTipuimi. AJbIHFAH KaTThl (hasaibl Kocma
KYOBIpibl Temike canbiHbi, 1°C/MUH KbI3AbIpy XburgaMabirbiMeH 600°C neifiH KbI3ZABIPBUIBIN, KEHiH VI OChI
TemIiepaTypazaa 6 carat OOMbI OTTET] aFbIHBIHAA KYHIIPLIII.
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TeMeH TeMmepaTypajsl a30T aJCOPOIHSACHY/ IEeCOPOIISICH 9IICIHE ColKec, 3ePTTENTeH eKi YITiIeTi n3oTepManap
Bpynaysp, Ommer xone Temrep wimaccuduranuscel OoiiblHIIA [V THIIKE >XKaTagbsl, OHAAFBl THCTEPE3UC TY3aFbl
ME30KEyEKTe KE3/1eCETiH KalmULIPIbIK KOHACHCAMsIMEH OaiaHbIcThl. ANaiia oap THCTEPE3NC Ty3arbl TYpiMEH
epexmeneneni. Erep MAS-1 ynriciHiH u30oTepMaceiHaa ructepesnc Ty3arsl H1 tumine sxatateH 6osca, Oy keyek
eJIIIIEMi MEH PETTENTeH KYPbUIBIMBI OOMBIHINIA a3 TapaJIFaHbIH KepceTei, at MAS-2 — H4 ynriciHiH H30TepMachl Tap
caHpUIayNBl KeyekTi kepcereni. CoHpmaii-ak, CHHTE3ZENTreH MaTepualjap MEHIIIKTI OeT aymaHsl OoibIHIIA 1a
epexmeneneni (MAS-1 — 511 m%/r, MAS-2 — 1170,0 M%/T), KeyeKTiH opTama auameTpi MeH Keiemi 3,82 HM-IeH
2,19 um-re geitin xomne 1,47 oM>/r-nan 0,875 cM>/r-ra nedtinri apaJIbIKThl KAMTHIBI. BapiiblK yIII yirifgeri KeyeKTiH
opTallla ejeMi MAaKpOKEeyEeKTEeP/IiH a3 MeJepine OaiIaHbICTHI.

CuHTe3/IereH MaTeprualIap bl KeyeKTi KYpbUIBIMBIHBIH ME30KEYEKTUIIrT MeH PeTTLIIrH AaJIes/Iey YIiH peHT-
TeHIIK INAIbIpaTy ofici KomgaHeiiel. MAS-1 Me30KeyekTi yiriciHiH a3 OyphIITHl HIANIbIpay PEeHTTeHOrpaM-
MacblHa calikec, 20 OyphIITApPBIHBIH MOHAEPI aliMarbiHAa 2,1° aliKbIH IIBIHHBIH 00Jybl ME30KEYEKTI KYPBUIBIMHBIH
OonateiHBIH KepceTeni. ConpiMeH Katap MAS-1 ynrici ymiH KapKbIHIBI IIBHEI 2,1° aliMareiHoa OalKamamsl, OX
nalJaaHblIFaH COYJICJICHYAIH TOJIKBIH Y3bIHABIFBIHAA 4,2 HM apajibIK KalIbIKTHIKKA COHKeC KeJlei.

MesoxkeyekTi amoMocwiuKar OeriHgeri bpeHcTten jkoHe JIBIOMC KBIMIKBUT OpPTANBIFBIHBIH CAJIBICTBIPMAIBI
OepiKTIiriH aHBIKTay YIIiH aAcOpONMsATIaHFaH MHUPHAWH YATUIepiHiH auddy3asl marsuiblcelH Dypbe TYpIeHIIpyi
apksuibl (DRIFT) MK crieKTpocKONMsAChIHA Taljay Jkacaluisl. 3epTTenreH yirinepae 1445, 1490 xone 1595 cm™
Ke3iHjge KyThUTy Konakrapsl Oaiikanmawl. Crexrtprepaeri 1445 xone 1595 cm™' Gaiikanartsin xonakrap JIbrouc
KBIIIKBUI OPTAIBIKTAPbIHJA JKYThUIFAH CyTeriMeH OaiiylaHbICKaH NMUPWAWHHE KaTbIcThl TyciHgipinexai. Illamamen
1490 cm' Gaiikanran xkomak JIBIOMC OpTAIbIKTAPBIHAA 13, BPEHCTeN KBIIIKBUIB OpTaNbIKTAPHIHAA Ja MHPUIHH
azicopbLuschIMer GaitnanbicTsl. MAS-2 yiricinin cnektpinge 1640 cM' aliMarblHa XKyThUTy XKOJNAFBIHBIH Naiifa
60urybl BpeHCTenTiH KBIIKBLUT OpTaIbIKTaAPBIHBIH O0JIATHIHBIH KOPCETe .

CuHTe3/IelreH ME30KEeYEKTi aTIOMOCWIMKATTApAarbl KPUCTAIIBl PETTUIKTIH CakTaldyblH 3eprrey yiin 400-
4000 e’ nuanazoHsIHIA FT-UK cnexrpockomus axici konmmaneuiasl. Criekrpiepaeri 1059 oM JKONaFBIHBIN Mmaiina
60mysr Si—O xoHe Al-O CO3BUTYBIHBIH aCHMMETPHSIIBIK ayBITKYbIHA KATKBI3BUTYbl MYMKIiH, aJl 3¢pTTEeITEH MaTeprai
ciektpinze 800 cM’' aiiMarbIHIAFbl JKONAK KPUCTAIIBI PETTiNiKTI Kepcerenmi, seuu Oyn1 Al xome Si Gap TO,
TeTpaspiIepiHiy imKi ipinine GaitnanbicTsl. 450 cM KyThITy XKo0marbl SiO4 TehOpMALMANBIK TepemicTepine Coli-
KEC KeJeml.

OcpUraiiima Typiii TEMIDIATTap MEH allOMHHHN Ke3AepiH KoimaHy apkKeuibl MAS-1 xone MAS-2 Me30KeyeKTi
ATFOMOCHIIUKATTAP CHUHTE3MCNIN, TYpJi (U3MKa-XUMUSJIBIK Talfay omicTepi Herizinme 3eprrenmi. CuHTe3nenreH
AIIOMOCHIIMKATTapAaFbl ME30KEyeK IMEeH PETTENreH KYPbUIBIM TOMEH TeMIleparypajibl a30T ancopOuusichl/aecopo-
uusicel skoHe FT-IR nepexrepimen pacrtanran. DRIFT TanmamaceiHa coiikec cuHTe3IeNreH marepuangap OeriHue
Heri3iHeH JIbIOMCTIH KBILIKBIT OpPTAJbIKTaphl Oap exenairi kepceriinred. Kasipri yakpitta Oy Marepuaniapsl
MYHali-XUMHs IpoLeCTepiHe apHaIFaH OW(YHKIMOHAIIBl KaTaJH3aTOPIBIH KBIIIKBUI KOMIIOHEHTTEpI peTiHzIe
naianany MYMKIHIITIH 3epTTeN KaTbIPMBI3.

Tyiiin ce31ep: ME30KEyEKTi aTFOMOCHINKAT, TEMIUIAT, ON(YHKIIMOHAIIBI KaTau3aTop, KeyeKTiliK, JIplouc mexn
BpeHcTenTIH KBIIKBIT OPTaIbIKTAPHI.

K.M. YMGeTKanneBa"z, I'.K. Bacnmma"z, A.K. Aﬁupacnnona', A.P. Xaﬁuprenbunﬂonaz,
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CHUHTE3 1 ®PU3UKO-XUMHNYECKHNE XAPAKTEPUCTHUKHU
ME3OIIOPUCTBIX ATIOMOCHUJIMKATOB

AHHoTanus. B naHHOW paboTe mpencTaBieHbl pe3ysIbTaThl HCCIECAOBAHMS BIMAHMA METOAA CHHTE3a ME3O0IO-
PHCTBIX aJIOMOCHJIMKATOB Ha HMX (PU3UKO-XMMHYECKHE XapaKTEPUCTHKH. ABTOpaMH OBLIM HPHUTOTOBIECHBI CEPUU
ME30IOPHUCTHIX aATIOMOCHIMKATOB, JUIL CHHTE3a KOTOPBIX B KadeCTBE CTPYKTYpOOOpasyromlero TeMIuiaTa ObLl
UCIIOJNIb30BaH rekcagenwiaMu. CHHTE3 ME30CTPYKTYPUPOBAHHOTO aJIOMOCHIIMKATa ObUI OCHOBaH Ha MeETOje
conoyinkoHaeHcanuu  Terpadtwioprocwinkara Si(OC,Hs); u  BTopuyHOro OyTOKCHIa atOMUHHS — (BTOp-
BuO);Al/rpunzonponunar amomunust Al(i-OPr); B npucytcTBuu criupra. J{Jst 5TOro MCTOYHUKHU aJIOMUHHS ObUIA
pacTBOpeHbl B crupTe. Jlanee, mpu MHTEHCHMBHOM IIE€pEMEUIMBAaHMM K HEMY IO KalulsiM J00aBisuICS PacTBOP
TeTpasTHIIOpTOCHIIMKaTa. [lapajuielbHO TOTOBWIICS PacTBOp TIeKcaJelMIaMHHa CO CIUPTOM NpH HarpeBanuu. K
MOJY4YEHHOW TyCTOH OJHOPOIHON Macce, CoZepiKallled pacTBOp TEMILIaTa, MOPLHUSIMHU T00aBISIIM PacTBOp CMeCH
COCIMHEHUI KPEMHUS M aJIOMHHUS TIPH [IepeMeIIBaHUI B TeUeHHE 6 4acoB NPH KOMHATHOW TeMIiepaType. 3atem
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oHa OblTa BBICYIIEHA B Te4eHHE CyToK. [lomydeHHOE TBepmodasHOE BEUIECTBO MOMECTHIM B TPyO4aTyro Hedb U
Harpenu 10 600°C co ckopoctero HarpeBa 1°C/MuH, mMocie 4ero mpoKaluBaiu oOpasel] Ipu ITOH TeMIeparype B
TedeHne 6 4acoB B OTOKE KHCIOPOIa.

Ilo mamHBIM MeTOAa HHU3KOTEMIEPATYPHOH amacopOmmu/mecopOIyMu a30Ta, W30TEPMBI Ha OOOWX H3yUEHHBIX
obpasmax ortHocaTcs K IV tunmy mo kimaccuduxanmu bpyHayspa, Ommera m Teurepa, Hamuune B HUX MNETIH
THCTEpE3NCca CBSI3aHO C KaMWLIIPHON KOHAEHCAIMEH, MpOUCXoMimei B Me3onopax. OfHAKO OHM OTIMYAIOTCS TI0
TUIy NeTIu rucrepesuca. Ecim Ha um3orepme oOpasua MAS-1 merst rucrepesuca otHocutcs kK HI1 o Tumy,
CBUJIETEJIBCTBYIOIIAS 00 Y3KOM pacrpelesieHuH Mop MO pa3MepaM U YHOPSJO4YEeHHOH CTPYKType, TO Ha H30TepMe
obpasua MAS-2 — H4, cBunerenscTBytomas 00 y3KHX IIEIEBHIHBIX Nopax. Takke CHHTE3MPOBAaHHBIE MaTepUalIbl
PE3KO OTIMYAKOTCS U O ye/IbHOi moBepxHocT (MAS-1— 511 M*/r, MAS-2—1170,0 M°/r), cpemnuii aumamerp
1op 1 06beM mop Kosebmores ¢ 3,82 uM 10 2,19 um u ¢ 1,47 em’/r 10 0,875¢M’/r. 1151 060X 06Pa3LOB MAKCHMYM
Ha KpUBOH paclipeiieJieHusl 1mop 1o pasMmepam HaOmonaercs npu 3,5-4,2 uMm. Cpenanuii pasmep mop i BcexX Tpex
00pa3roB 00yCIIOBICH IPUCYTCTBHEM B HEOOIBIIOM KOIMIECTBE MAKPOTIOP.

Jns  TOATBEpXKICHHS ME30MOPUCTOCTH W YNOPSAOYCHHOCTH TIOPUCTOM CTPYKTYpBl CHHTE3MPOBAHHBIX
MaTepHuaioB OBIT HCIIOIB30BAH METOJ PEHTTEHOBCKOro paccessHusa. COrIacHO PEHTITEHOTpaMME MaJIOyIJIOBOTO
paccesHusT Me3onopuctoro obpasma MAS-1, mpucyTcTBHE BBIpaXEHHOTO MHKa B 00JacTH 3HaueHWH yrioB 20 2,1°
CBUJICTENBCTBYET O HATMYMH ME30MOPUCTO CTPyKTYypsl. s obpasma MAS-1 muk MHTEHCHMBHOCTH HAXOIJUTCS B
obacta 2,1°, 9T0 Mpu JUTHHE BOJHBI HCIOJIB3YEMOT0 H3TyYeHHSI COOTBETCTBYET MEKIIOCKOCTHOMY PAacCTOSHUIO 4,2 HM.

st onpeneneHuss OTHOCUTENBHOM IPOYHOCTH KUCIIOTHBIX LEHTpOB bpencrena u Jlpronca Ha mOBEpXHOCTU
ME30TOPUCTHIX ~ATFOMOCWIMKATOB ObUT mpoBeAeH aHamu3 MK-cnekrpockommu ¢ Dypee-npeobpazoBaHueM
muddysnoro orpakenns (DRIFT) ancopOupoBaHHbIX 00pa3ioB nupuarHa. Ha n3ydeHHbIXx 00pasnax GUKCHPYIOTCS
T0JI0CH! Tornomenus npu 1445, 1490 u 1595 cm™'. HaGmonaembie monockl mpu 1445 u 1595 cM' B crmekrpax
OOBSCHSIOTCS HAJIWYMEM CBS3aHHOTO BOAOPOJOM IHMPHIMHA, aAcOpOMpOBAHHOIO Ha IEHTpax Kucior Jlpouca.
Iosoca, HabmonaeMas mpuMepHo Ha 1490 cM™', oGycrioBieHa ancopOumel MIPHIMHA KaK Ha HeHTpax JIbonca, Tak
W Ha IeHTpax KUcIoTe bpercrena. CrieayeT OTMETHTD, YTO MOSBICHHE TIOJIOCH TOTJIOMICHUS B obmactu 1640 om’!
Ha criekTpe o0pasna MAS-2 cBUAeTeNnbCTBYeT O HATMYUH KUCIOTHBIX IEeHTpoB bpercrexa.

Jns uccnenoBaHWs COXPAHEHMS KPUCTAIMYECKOTO YIOPSJOYECHUS B CHHTE3MPOBAHHBIX ME30MOPUCTHIX
AMIOMOCHIIMKATaX 6bina ncrosb3oBana FT-MK-crniekrpockomnus B auamasore 400-4000 cm™ . TTosiBieHre Ha CIIEKTpax
nostocsl 1059 cM™' MOKeT GbITh OTHECEHO K aCHMMETPHYHBIM KolebanmsM pactsmkenns Si-O u Al-O, B To Bpems
Kak nojoca B o6macti 800 cM™' B CIIEKTpax M3ydeHHBIX MATEPHATIOB YKa3bIBACT HA KPUCTAINUECKOE YIIOPSI0UCHHE,
T.e., TO-BUIMMOMY, OOYCIIOBJIEHA 3TO BHyTpeHHeW BuOpauuenn terpadapoB TO, coxepxkamux Al u Si. Ilonoca
nornomenus mpu 450 cM™' oTBedaeT nehopMaroHHbIM KoteGaHmsIM SiO,.

Takum 06pa3oM, ObUTH CHHTE3MPOBAHBI YIIOPSAOUYSHHBIE ME30IOpHCThIe amoMocmkarsl MAS-1 1 MAS-2 ¢
UCIIOJIb30BAaHMEM PA3IMYHBIX TEMIUIATOB M HCTOYHHUKOB amtoMHuHUs. CHHTE3MpOBaHHBIE 00paslbl ObLIM HCcie-
JIOBaHBI C TOMOIIBIO PA3IMYHBIX (DPU3UKO-XMMHYECKMX METOZOB aHanu3a. Hamnume mesomnopucToil m ymopsimo-
YEHHOH CTPYKTYpPHl B CHHTE3MPOBAHHBIX QJIIOMOCHIIMKATaX ITOATBEPKACHBI JAaHHBIMH HHU3KOTEMIIEpaTypHON
ancopommm/necopormu  azora u FT-IR. Ilo mamaeim DRIFT ananmm3a mokazaHo, 9TO Ha TOBEPXHOCTH
CHHTE3MPOBAaHHBIX MAaTEPHAJIOB B OCHOBHOM HPHCYTCTBYIOT KHCJIOTHBIE IIEHTPHI JIptonca. B HacTosmiee BpemMs Mbl
M3y4aeM BO3MOXKHOCTb HCIIOJIB30BAaHMS 3THX MAaTEpPHAIIOB B KAayeCTBE KUCIOTHBIX KOMIIOHEHTOB OH(yHKIMO-
HaJIbHBIX KaTalM3aTOPOB HE(YTEXUMUISCKUX IIPOLIECCOB.

KaioueBble ciioBa: Me30I0PUCTHIE aITIOMOCHIIMKATHI, TEMIUIAT, OM(YHKIMOHAJIbHBIE KaTaJIU3aTOPbI, MOPHC-
TOCTb, KUCIIOTHBIE LIEHTpPHI JIbtouca u bpeHcrena.
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ELECTROCHEMICAL BEHAVIOR
OF SILVER IN A SULPHURIC ACID SOLUTION

Abstract. In recent years, alternating current has been widely used in various fields of chemical and
electrochemical technology. When a symmetric alternating current passes through an electrochemical cell, in
principle there should be no visible changes, since the product restored to the cathode half-period should be oxidized
back to the anodic half-period. However, depending on the conditions of electrolysis, electrode material, etc. a
purposeful course of the electrochemical process is possible. The paper shows the distinctive features of
electrochemical processes occurring on a silver electrode during electrolysis by industrial alternating current in a
solution of sulfuric acid by the method of rational mathematical planning. The optimal conditions for the dissolution
of silver are determined by studying the effect of current density at the electrodes, the concentration and temperature
of the electrolyte, the duration of the electrolysis and the frequency of the alternating current. It is shown that when
polarized with an alternating current of silver in a pair with a titanium electrode, the process of passivation of the
silver electrode is eliminated, and the rate of dissolution of the metal increases.

Keywords: alternating current, silver, electrode, electrolysis, current density, mathematical planning, current
output.

One promising technique now in use is polarization with an alternating current of industrial
frequency, which is of interest to researchers in regard to the oxidation with destruction of passivating
films. A feature of the processes that occur under the action of alternating current of industrial frequency
is that by changing the direction of the current, it is possible to remove oxide films and create conditions
for the subsequent dissolution of the metal [1-5].

It is necessary to mark that the detail researches carried out by us on a silver electrode and other
researchers studying titanium, chrome, molybdenum, lead, etc. in case of polarization by an alternating
current of industrial frequency, showed that the electrode processes proceeding with an electrode
involvement by superimposed a. c. technique, sharply differ both on the mechanism, and according to the
quantitative characteristics [6-14].

In [15-18], we studied the electrochemical behavior silver of different solutions under polarization
with alternating current of industrial frequency. Analysis of the literature data showed there were very few
works devoted to the electrochemical behavior of silver. Studying the ionization of silver under the action
of industrial alternating current would therefore seem to be relevant and timely.

Systemic studies, which allow to establish the laws of the silver electro-oxidation with the subsequent
synthesis of its compounds, can lead to both the intensification of its production and the solution of
resource-saving problems.
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In this regard, the study of the processes of silver ionization discharge under the action of industrial
alternating current seems relevant and timely.

The purpose of this work is to study the electrochemical behavior of silver during the polarization of
unsteady currents in a sulphuric acid solution.

To study the electrochemical behavior of silver in a sulphuric acid solution, the main experiments
were carried out in a 100 ml cell. A titanium wire and a silver plate were used as electrodes.

Electrodes before experiments were thoroughly cleaned, degreased and washed with distilled water.

Results and discussion. The study of the electrochemical behavior of silver in a in acidic solution
was carried out by the method of rational mathematical planning [19]. In accordance with the planning for
the six factors, and in each factor of five levels 25 experiments were conducted. The studied factors and
their levels are presented in table 1.

Table 1 — Levels of factors under study

Factor Level
1 2 3 4 5
X, current density on the silver electrode, A/m? 200 400 600 800 1000
X,, current density on the titanium electrode, kA / m> 60 80 100 120 140
X3, solution concentration, M 1,0 2,0 3,0 4.0 5,0
X4, duration of electrolysis, min 15 30 45 60 75
X, electrolyte temperature, © C 40 50 60 70 80
X, frequency of alternating current, Hz 50 100 200 300 400

The experiments results after mathematical processing are shown in table 2, in which Y,,Y,, etc. -
particular functions, respectively, of factors X;, X5, etc.

Based on table 2, the graphs were plotted (figure 1). To describe point data, it is necessary to choose
the right empirical formulas. The dependence Y,=f(X;) is described by the equation of a straight line. The
equation of a line is:

Y, =aX (1)

Table 2 — Experimental values of private functions

Function " 5 Le;lel 2 . A\\//;lr;lege
Y 66,74 62,82 59,63 54,42 50,64 58,85
Y 58,44 62,30 65,65 60,40 46,96 58,85
Y; 63,42 60,85 58,64 56,92 54,42 58,85
Y, 67,80 63,50 57,82 54,21 50,92 58,85
Ys 63,36 61,81 58,47 56,64 53,97 58,85
Ys 61,40 65,30 61,30 55,10 51,15 58,85

It can be considered that the straight line drawn on the graph goes out from some point, taken
arbitrarily on the left side of the straight line, with coordinates X;, Y;. The offset of the origin to this point
is fixed as follows:

Y-Y =a(X-X) (2

Selecting on the right side of the line any point with coordinates X,, Y, and substituting them into this
equation, we get:

Yz-Yl =a(X27X1) (3)
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After the final transformation, the equation has the form:
Y 2 Yl

Y=Y +
Xz _Xl

(X -X)) “)
Some graphs have the form of a parabola, we enter the extremum values into the parabola equation. In

the parabola equation (Y = aX?), we enter the values X, Y with the offset of the origin:
Y=Y,—aX-X;) (%)

Then we select the second point with coordinates X,, Y, approximately in the middle of the section of
the branch passing through the experimental points, and substitute all four numbers into the final equation:

Y, -%,
Y=Y+ (X - X))’ ©)
(Xz _Xl)

The calculated values at the matrix levels of the arguments are given in table 3.

Table 3 — Calculated values of functions at matrix levels

Function Level Average value
1 2 3 4 5
Y;=93-0,018 (X-300) 64,33 61,17 57,60 54,00 50,40 57,60
Y,=91-0,0037 (X-70) 55,00 60,63 60,63 57,67 51,75 57,13
Y;=91 -4,6666 (X-0,75) 62,16 69,33 57,5 55,17 52,83 59,50
Y, =95-0,29 (X-22.5) 67,17 62,82 58,47 54,12 49,77 58,47
Ys5=92-0,2666 (X-25) 63,33 60,67 58,01 55,33 52,67 58,00
Ye=93 - 0,0029 (X-40)> 62,70 62,70 60,39 55,75 48,79 58,06

The significance or insignificance of the function can be established without repeated experiments
using the nonlinear multiple correlation coefficient:

i N=DY =Yy’
ke (N=K-DY (¥, -7,)’ "

RYN-K -1
tR :T>2

where N is the number of points described, K is the number of active factors, Y, is the experimental result,
Y, is the theoretical (calculated) result, Y., is the average experimental value.

The nonlinear multiple correlation coefficient for the 5% level and the value of its significance is
tr > 2, which indicates the significance of the functions.

The correlation coefficient and the significance of the corresponding particular functions are listed in
table 4. As can be seen, all the considered functions influence the silver dissolution.

To describe the statistical multifactor dependencies, the particular functions generalized
M.M.Protodyakonov’s equation [20]:

Yn:g;i;

— 30 ——
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_[93-0,018(X, —300)]-[91-0,0037(X, —70)*]-[91 - 4,6666(X, —0,75)]
" 88,85° -[95—0,29(X, —22,5)]-[92 — 0,2666(X, —25)]-[93 — 0,0029( X, — 40)°]

®)

Based on the equation, we find the correlation coefficient for N = 25 and K = 6. It is equal to 0.5338
and the significance is tg = 3.02> 2, which indicates the adequacy of the generalized equation.

Table 4 — Correlation coefficient R and its significance ty for particular functions

Function R tr Function significance
Y, 0,96 19,18 Significant
Y, 0,73 2,70 Significant
Y3 0,86 5,65 Significant
Y4 0,99 85,70 Significant
Ys 0,94 14,41 Significant
Ys 0,92 10,28 Significant

Based on the equation, 8 were determined as the optimal conditions for the electrochemical
dissolution of silver: the density on the silver electrode was 200 A / m’ the density on the titanium
electrode was 100 kA / m* the electrolyte concentration was 1.0-2.0 mol / 1, the electrolyte temperature
was 40 -60 °C, electrolysis duration - 15-45 minutes, frequency of alternating current - 50 Hz.

As the research results have shown, during the silver polarization by industrial alternating current,
silver ions and silver oxide are formed.

In the cathode half-period, gaseous hydrogen is released on the titanium electrode and silver ions are
reduced. At this point, the silver electrode is in the anodic half-period and dissolves to form silver ions and
silver oxide.

The effect of current density on the titanium electrode on the CO dissolution of silver was studied in
the range of 60-140 kA/m>. The maximum CO value is observed at it; = 100 kA / m? (figure 1a).

With an increase in the current density at the silver electrode, the current output (CO) of silver
dissolution decreases (Fig. 1b). This is due to the fact that at high current densities, the proportion of
electricity affected by a side process - oxygen evolution - increases compared to the amount of electricity
affected by the dissolution process of silver.

When studying the electrolytes concentration effect on the results of electrolysis, it was found that the
maximum value of the current efficiency is achieved at a concentration of 1.0 mol/l (figure 1c). With an
increase in the electrolyte concentration, the near-electrode space is saturated with SO4~ anions and, in
this connection, the silver dissolution current output decreases.

We found (figure 1d) that when the temperature rises to 60 0C, the value of the apparent current
output increases, reaching 136 %, and then remains almost unchanged. It is known from the literature that
at 60 °C in a sulfuric acid solution, metallic silver is dissolved chemically.

Studying the effect of the electrolysis duration on the dissolution process of silver during polarization
with industrial alternating current was studied in 1.0 M of sulfuric acid (figure 1e). The current dissolution
rate of silver naturally decreases. It should be noted that on the electrode during prolonged experiments
the electrode surface is covered with a layer of dark color.

Figure 1f shows the dependence of CO dissolution of silver on the alternating current frequency. As
the frequency increases, the current output of metal dissolution decreases. The decrease in the electrolytic
silver dissolution with increasing frequency of the current, apparently, is due to the decrease in the
duration of the anode half-period.
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Figure 1 - Point graphs and curve approximation effect on W silver dissolution:
a - current density on a silver electrode, b - current density on a titanium electrode, ¢ - electrolyte concentration,
d - electrolyte temperature, e— electrolysis duration, f- AC frequency

Thus, we studied the electrochemical behavior of silver during polarization of industrial alternating
current in a solution of sulfuric acid by rational mathematical planning. It is shown that all the studied

parameters have a significant effect on silver dissolution.

— 34 ——
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KYKYPT KbIIIKbIJIBI EPITIHAICIHAEI'T KYMICTIH
SJEKTPOXUMUAJBIK KACUETI

AHHOTanMsi. AWHBIMAJIBI TOKIEH 3JIEKTPOXMMUSUIBIK KyHeJIeplIiH KacHeTiH 3epTTey — Kazipri JJIEKTPOXH-
MUSIHBIH €H KOJIaiJIbl SKCIIEPUMEHTTIK 9icTepiHiy Oipi. by oztic kenTeren Macenenepi nenryre MyMKiHIiK Oepei.
DJIeKTPOXUMHMSIAA UMITIEIAHC SIICIH CAHIBIK KOJJaHY IbIH 0acTalyblH KEHECTIK AIEKTPOXUMHUKTED KYPIbI.

COHFBI XbUIIAPBl AHBIMAIIBI TOK TYPJIl XMMUSUIBIK YKOHE 3JIEKTPOXUMMUSUIIBIK TEXHOJIOTHUS CalachlH/la KeHiHEH
KosaHbuty1a. CUMMETpPUSUIBI allHBIMAJIbl TOKTHI 3JIEKTPOXMMUSUIBIK YAIIBIKTAH OTKI3TeH Ke3/le Heri3iHeH elIKaHaan
e3repic OpBIH amMaybl Kepek, ce0ebi KaToNThl JKapThUIail MEPUOJTa TOTHIKCHI3MAHFAH OHIM aHONTHI JKapThUIAi
MeproATa Kepi TOTBIFYHI THIC. Aaiiia SJIEKTPOIIN3 XKaF/aiibIHa, JIEKTPO MEeTepHalbIHA JKaHe T.0. Karaiira Oaiina-
HBICTBI MaKCaTTbhl AJIEKTPOXMMIBUIBIK IPOIece XKYpyl MYMKiH. JKymbIcTa aifHBIMaibl TOKIICH HOJSApPH3ALMsIIaHFaH
KYMiC DJIEKTPOABIHIA KYKIPT KBIIKBUIBI EPITIHIICIHAE >KYPETiH 3JIEKTPOXUMHMSIIBIK YPIICTEPAiH epeKIIeNiKTepi
palMoHaNBABI JKOCTapiay ofici OoifpiHIA KepceTinreH. Kymic jkoHe THTaH 3MEKTPOATAPBIHIAFBI TOK THIFBI3BI-
FBIHBIH, JJIEKTPOJUT KOHIICHTPALUSACHI MEH TEMIIEPATYPACHIHBIH, JJIEKTPOIH3 Y3aKThIFBIHBIH JKOHE alHBIMAIbBI TOK
JKUUTITIHIH 9CepiH 3e€PTTEreHIe aifHbIMAJIbl TOKIICH HOJIIPU3AIMsUIaHFAH KYMICTIH €PHTIH ONTHMAIIIABI JKaFaaiiapbl
aHbIKTaJIbl. TUTAH ANIEKTPOJBIMEH JKYNTACKAHAA KyMIC BJIEKTPOJIbIH/IA TACCUBTEHY YAEpICl KOMBUIBIN, METaJIbIH
epy KbULIAMIBIFbIHBIH APTaThIHABIFbl AaHBIKTAJIBI.

JKyMBICTBIH MaKcaThl — PaIlMOHAJIbI MaTEMATHUKAJBIK KOCIapiay 9ICIMEH KYKIPT KBIIIKBUIBI €PIiTiHIICIHICTI
alHBIMAJTBI TOKIICH TOJISIPU3AIHs Ke31HIeT] KyMICTIH 3JICKTPOXUMHUSIIBIK KACUCTIH 3€PTTEY.

Xocnapra colikec antbl (akTopra KaTbICThl opOip (akTopiabiH Oec neHreii 0ap, 25 dKCHepUMEHT XKyprizuiii.
CTraTUCTHKANBIK KOIeJIIeM/li TOYSJIIUIKTI curarray yurH sxeke ¢yHkuwmsuiap M.M. IIpoTonpskoHOB TeHzeyiH
Taygan KopsITTel. Ochl TeHaey Herizinzae 613 n = 25 sxone K = 6 yumiH xoppernsiuns Ko3(QGUINEHTIH aHBIKTa/IbIK.
OmnbiH MoHI 0,5338 xoHe t, = 3,17>2 TeH xoHE OYII KAIMBUIAHFaH TCHICY/IIH CONKECTITIH KOPCETE .

KyMicTiH 9J€KTpOXUMHUSUIBIK ~€py JKaFdalbIHBIH KeJieciell OHTAMJbl [iapanapbl aHBIKTAIIBI KYMIC
9NEKTPOABIHBIH  THIFbI3AbIFEL — 200 A/Mz, TUTAH DJIEKTPOJBIHBIH ThIFBI3ABIFEI — 100 KA/MZ, JEKTPOJIUT
KoHIeHTpanusicsl — 1,0 -2,0 Momnw/11, anekrpoiut Temmneparypackl — 40-60 °C, ameKkTponn3 y3aKThiFel — 15-45 muH.,
aHpIMaITbl TOK xkuimiri 50 ['m. 3epTrey HoTHKeNepi KopceTKeHIeH KyMiCTi aifHbIMaiIbl TOKIIEH TOJIsIpU3aIiisIaran ia
KYMiC HOHJIAPhI )KOHE KYMiC OKCHUJII TY31IeIi.

TurtaH SJIEKTPOJBIMEH JKYNTACKAH/A KYMIC 3JIEKTPOJBIH/IA MACCHBTEHY YAEpPICl >KOWBLIBIN, METAIIbIH epy
KBULAAM/IBIFBl aPTaThIHABIFBl aHBIKTaNIbl. KaTOATHI XKapThllail MEpPUOATA THTAH JIEKTPOJBIHAA I'a3 TOPI3li CyTeri
OeutiHe Il JKOHEe KyMiC MOHJIApBIHBIH TOTBIKCHI3aHybl Oaiikanansl. OChl COTTE KYMIC 3JIEKTPO/IbI aHOATHI JKapThLIaid
neproaTa 0oJabl )KOHE KYMIC MOHIAph, TUIMAHOAPTEHTAT JKOHE KYMIC OKCHJIIHIH Naiaa Ooiybl HeriziHae epui.
3epTTenreH mapaMeTpiep KYMICTi epiTy YIepiciHe eneylli ocep eTeTiHi aHBIKTAJIIbL.

Tyiiin ce3mep: alfHBIMANBI TOK, KyMiC, 3JEKTPOJI, JIEKTPOJIN3, TOK THIFBI3/IBIFBI, MAaTEMaTHKAIBIK JKOCIapiay,
TOK OOMBIHIIIA HIBIFBIM.

A.B. Baemos', 3.)K. Tyaemosa’®, A.K. Baemosa’, M. O3aep’, [.JK. Apumxan®

'AO «MHCTHTYT TOIINBA, OPraHMYECKOT0 KATATH3a U YIEKTPOXHMHUH
nmenu J[.B.Cokonbckoro», Anmartsel, Kazaxcran;
*MexIyHapoIHbIil Ka3aXCKO-Typelkuii yaupepcuter nmenn Xomkn Axmena Scasu, Typkecran, Kasaxcran;
? Kasaxckuii HAMOHABHBIH yHHBepcuTeT uMern Anb-Dapabu, Anvarsl, Kasaxcras;
* Vausepcurer Myrist umenn Chitkbl Kouman, Typrius;
> MesKLyHapO/IHBIH YHUBEPCHTET Typu3Ma U roctenpuumMctsa, Typkecran, Kasaxcran

IJIEKTPOXUMHNYECKOE IOBEJEHUE CEPEGBPA
B CEPHOKUCJIOM PACTBOPE

AHHOTaIIHﬂ. I/I3yquI/Ie MOBCJACHUS IJICKTPOXUMUUYCCKUX CUCTEM C IMIPUMEHCHUCM MEPEMECHHOI'O TOKA ABJIACTCA
OJJHHUM H3 Hanboiee MONIHBIX 3KCIICPUMEHTAJIBHBIX METOJ0B COBpeMeHHOﬁ JJICKTPOXHUMMUHU. ITOT METOA IIO3BOJIACT
peuiatb 0OJIBIIOE YKCIIO pa3HOO6pa3HHX 3ajga4. Hauaino KOJIMYCCTBCHHOMY NPUMCHCHUIO UMIICJAHCHOI'O METO/Za B
SJIEKTPOXUMHHU OBLIO IOJIOKEHO COBETCKUMU OJIEKTPOXUMHUKAMH.
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B mocnennue roApl mMepeMEHHBIH TOK HAaXOOUT Bce OoJiee IMIMPOKOE NMPHMEHEHHWE B Pa3IHYHBIX 00IacTsIX
XUMUYECKOM M DIIEKTPOXUMHUYECKOM TexXHoJoruu. IIpu mpomyckaHMM depe3 3JIEKTPOXUMHUUECKYIO SUEHKY
CHUMMETPHYHOTO MEPEMEHHOTO TOKa B MPHHIIUIEC HUKAKNX BHIUMBIX H3MECHEHUH IPOM30HUTH HE JOJDKHO, TaK Kak
BOCCTAQHOBJICHHBI B KaTOIHBIM IONYNEPHOI MPOTYKT IOJDKEH OOpPaTHO OKHUCIATHCA B aHOMHBIH MOIYNEPUOI.
OmHako B 3aBHCHMOCTH OT YCJIOBHH JJIEKTPOJIM3a, MaTephalia 3JIeKTpoJa M T.A. BOZMOXKHO IleJICHAIPaBICHHOE
MPOTEKaHWE 3JIEKTPOXUMHUYECKOIO Tporecca. B paboTe MOKa3aHBI OTIMYUTEIBHBIE OCOOCHHOCTH SJIEKTPOXHMH-
YECKUX IPOILIECCOB, NPOTEKAIOUIMX Ha CEPeOPSIHOM 3JIEKTPOJIE TPH 3JIEKTPOJIU3E NPOMBIINIICHHBIM MTEPEMEHHBIM
TOKOM B pPacTBOpPC cepHoi& KUCJIOTBI METOAOM palMOHAJIBHOI'O MAaTEMATHYCCKOT'O IUIAHWUPOBAaHUA. Onpeueneﬂbl
OINTUMAJIBHBIC YCJIOBHUA PACTBOPCHUSA cepe6pa Ipyu UCCJICAOBAHWU BJIHUAHUA IUIOTHOCTH TOKa Ha OJJICKTPOJax,
KOHIICHTPALMU ¥ TEMIICPaTyPhl JJICKTPOJIATA, MPOJODKUTSIFHOCTH 3JCKTPOIN3a M YaCTOTHI MEPEMEHHOTO TOKA.
[TokazaHo, 94TO TpU TOJSIPU3AIMHA NEPEMEHHBIM TOKOM cepedpa B Mape C TUTAHOBBIM JIIEKTPOIOM, yCTPAHSCTCS
MIPOLIECC MACCUBALMK CEPeOPSHOTO IEKTPO/Ia, ¥ CKOPOCTh PACTBOPEHMS METaJlIa BO3PACTALT.

Henpro manHO# pabOTHI SBISETCS MCCIECIOBAHNE ICKTPOXUMHUYECKOTO TIOBEACHHUS cepedpa mpH HOISIpU3aIiH
HECTAIMOHAPHBIMA TOKAMH B PACTBOPE CEPHOM KHCIOTHI METOIOM pAalMOHAIIBHOTO MaTEMaTHYECKOTO IUIaHH-
poBaHUS.

B cooTBeTcTBUM C IUIAHUPOBAHUEM JUIsl IIECTH (PAKTOPOB, a B KAXIOM (haKTope IMATh YPOBHEH, ObLIO IpoBe-
JIeHO 25 ombITOB. J[jisi OMMCAHUSI CTATUCTUYECKUX MHOTO(AKTOPHBIX 3aBHCUMOCTEH yacTHbie (GpyHKIUU 0000mmIm
ypaBaenne M.M.IIporonpskoHoBa. Ha ocHOBaHumM ypaBHeHHs Hanum Koddduiment xoppemsiuuu npu N = 25 u
K = 6. On pasen 0,5338 u 3HaunmMocTb tg = 3,17> 2, 4TO yKa3bIBaeT Ha a/IEKBATHOCTh 00OOIIEHHOTO YPABHEHHSI.

OmnpeneneHbl ONTHMaIbHBIE YCIOBUS AJIEKTPOXHMMHUYECKOTO PacTBOPEHHs cepedpa: IIOTHOCTh Ha cepeOpsiHOM
anekrpoze — 200 A/M%, IIOTHOCTb Ha THTAHOBOM anekrpozne — 100 KA, KOHIICHTpaIus dekrpoimra — 1,0-2,0 Moss/m,
Temrieparypa 3mekTpoiauTa— 40-60 °C, nporoKUTENBHOCTD AeKTpoiau3a — 15-45 MuH., yacToTa IepeMEeHHOro ToKa —
50 T'n. Kak mokazanu pe3ysabpTaThl UCCIEAOBAHHN, TP MOJSIPU3AIMU cepedpa MPOMBIIUICHHBIM IIEPEMEHHBIM TOKOM,
00pa3yroTcst HOHBI cepeldpa, oKcH cepedpa.

IToka3aHo, 9TO NP MOJSAPU3ALUU IEPEMEHHBIM TOKOM cepedpa B Iape ¢ TUTAHOBBIM JICKTPOIOM YCTPaHACTCS
MpoIlecC TACCHBALMU CEepeOpPSHOTO AIIEKTPOAa, M CKOPOCTh PACTBOPEHHS MeETalla BO3pacTaeT. B KaTomHOM
MOJYTIEPHOIe Ha THUTAaHOBOM DJJIEKTPOJE BBIACHSACTCS Ta3000pa3HBI BOIOPOA W HAOIIOAAETCS BOCCTAHOBICHUE
HOHOB cepebpa. B 3ToT MOMEHT cepeOpsiHBIA 3JEKTPOI HAXOMUTCS B aHOIHOM IONYIIEPHONE U PacTBOPSIETCSA C
o0pa3zoBaHUEeM MOHOB cepebpa u okcuja cepedpa. YCTaHOBIEHO, YTO M3yUEHHBIE MMapaMeTpbl OKa3bIBAIOT 3aMETHOE
BIIMSTHHE Ha MIPOIIECC PaCTBOPEHUS cepebpa.

KaroueBble ciioBa: IepeMeHHBIH TOK, cepedpo, 3JIEKTPOA, AJIEKTPOJIH3, IJIOTHOCTh TOKa, MAaTeMaTHYeCcKoe
IJIaHUPOBAHUEC, BBIXO/ 110 TOKY.

Information about the authors:

Baeshov Abduali Baeshovich, «D.V.Sokolsky Institute of Fuel, Catalysis and Electrochemistry», Doctor of Chemistry
Science, Professor, bayeshov@mail.ru, https://orcid.org/0000-0003-0745-039X;

Tuleshova Elmira Zhanbirbayevna, Khoja Akhmet Yassawi International Kazakh-Turkish University, Candidate of
Chemistry Science (PhD), Associate Professor. elmira.tuleshova@ayu.edu.kz, https://orcid.org/0000-0003-2249-9570;

Baeshova Azhar Kospanovna, Al-Farabi National University, Doctor of technical sciences, azhar b@bk.ru;

Ozler Mehmet Ali —-Mugla Sitki Kocman University. Doctor, professor, Phone, aozler@mu.edu.tr;

Aripzhan Gulnur Zhoiankyzy - International University of Tourism and Hospitality, Master senior-teacher,
gulnur.aripzhan@mail.ru, https://orcid.org/0000-0003-3161-0832

REFERENCES

[1] Andreev 1. (2016) Electrochemistry of metals and alloys [Elektrohimija metallov i splavov]. Moscow, Russia, 326 p.
ISBN 978-5-94084-044-2 (In Russ).

[2] Didenko A.N, Lebedev V.A., Obraztsov S.V. (1988) Intensification of electrochemical processes on the basis of
asymmetrical alternating current [Intensifikacija jelektrohimicheskih processov na osnove nesimmetrichnogo peremennogo toka]
/I V.Sc.: Intensification of electrochemical processes in hydrometallurgy [Intensifikacija jelektrohimicheskih processov v
gidrometallurgii]. Moscow: Nauka. P. 189-213. (in Russ).

[3] Chernenko V.I., Snezhkov L.A., Popanov LI. (1991) Obtaining coatings with anodic-spark electrolysis. [Poluchenie
pokrytij anodno-iskrovym jelektrolizom] - L .: Chemistry, 126 p. (in Russ).

[4] Petriy O. A., Tsyrlin, G. A., Kuzminova Z. V. (1995) Elektrochemistry [Jelektrohimija]. Vol.31 N 9: 999 — 1007
(in Russ).

[5] Kostin N.A., Labyak O.V. (1995) Elektrochemistry [Jelektrohimija]. Vol.31. N 5: 510-516 (in Russ).

[6] Bayeshov A.B., Nurdillayeva R.N., Khabibullayeva Sh.H. (2019) Effect of the bromide ions on the titanium electrode
dissolution polarized by alternating current in aqueous solutions. News of the Academy of Sciences of the Republic of
Kazakhstan. Series Chemistry and Technology. Vol. 2, N 434. P. 66-72. https://doi.org/10.32014/2019.2518- 1491.21

[7] Nurdillayeva R.N., Bayeshov A.B., Khabibullayeva Sh.H. (2020) Anodic dissolution of titanium in sulfuric acid bromide
solutions. News of the Academy of Sciences of the Republic of Kazakhstan. Series Chemistry and Technology. Vol. 1. N 439.
P. 47-54. https://doi.org/10.32014/2020.2518-1491.6




ISSN 2224-5286 Series chemistry and technology. 6. 2020

[8] Bayeshov A.B., Abduvalieva U.A. (2012) Method for producing titanium phosphate. [Sposob poluchenija fosfata titana].
Innovation patent of the Republic of Kazakhstan. [Innovacionnyj patent Respubliki Kazakhstan] Ne26379, Bulletin Nell.
(In Russ).

[9] Baeshov A., Junusbekov M., Baeshova A., Zharmenov A. (2012) Industry of Kazakhstan [Prom. Kazahstana].
1: 113-116 (in Russ).

[10] Baeshova S.A., Revenko S., Baeshov A.B. (2005) Chemical Journal of Kazakhstan [Himicheskij zhurnal Kazahstana].
2:121-126 (in Russ).

[11] Bayeshov A.B., Sapieva M.M. (2013) Electrochemical properties of AC-polarized titanium in hydrochloric acid
solution containing fluoride ions [Ondiristik ajnymaly tokpen poljarizacijalangan titannyn quramynda ftorid iondary bar tuz
qyshqyly eritindisindegi elektrohimijalyq qasieti]. NEWS of the Academy of Sciences of the Republic of Kazakhstan. Series
Chemistry and Technology. Vol. 3. N 399: 29-32. (In Kaz).

[12] Bayeshov A.B., Sapieva M.M., Bayeshova A.K. (2013) The solution of Titanium in acid solutions containing fluoride
ions. [Ftorid iondary bar qyshqyl eritindilerde titannyn erui]. Proceedings of the VI Russian conference "Physical chemistry and
electrochemistry of molten and solid electrolytes». Yekaterinburg, 273 p. (In Kaz).

[13] Bayeshov A.B., Sapieva M.M., Vygdorovich V.Y, Iztileuov G.M. (2014) Electrochemical properties of AC-polarized
titanium in phosphoric acid solution containing fluoride ions [Ondiristik ajnymaly tokpen poljarizacijalangan titannyn quramynda
ftorid iondary bar fosfor qyshqyly eritindisindegi elektrohimijalyq qasieti]. NEWS of the Academy of Sciences of the Republic of
Kazakhstan. Series Chemistry and Technology. Vol. 1, N 403: 7-10. (In Kaz).

[14] Bayesov A.B., Adaibekova A.A., Gaipov T.E., Sarsenbaev N.B., Zhurinov M.Zh. (2017) Influence of ultrasound field
on cathode recovery rhodium ions on the titanium electrode at polarization by pulse current. News of the Academy of Sciences of
the Republic of Kazakhstan. Series Chemistry and Technology.Vol. 5. N 425: 20-27 (In Kazakh).

[15] Tuleshova E.Zh., Sarbayeva G.T. Zhylysbayeva G.N. Sarbayeva M. (2019) Kinetics of Thallium Dissolution in
Aqueous Solutions of Hydrochloric Acid. Russian Journal of Physical Chemistry A. Vol. 93. Ne. 11. P. 1817-1821. DOI:
10.1134/80036024419090231

[16] Bayeshov A.B., Tuleshova E.Zh., Baeshova A K., Ozler M.A. (2020) Electrochemical behavior of silver in a potassium
ferrocyanide solution. News of the Academy of Sciences of the Republic of Kazakhstan. Series Chemistry and Technology. Vol.
2. N 440. P. 31-38. https://doi.org/10.32014/2020.2518-1491.20

[17] Tuleshova E.Zh. (2018) Kinetics and Mechanism of Silver Dissolution in Aqueous Sodium Nitrate. Russian Journal of
Physical Chemistry A. Vol. 92. N 9. P. 1820-1822. DOTI: 10.1134/S0036024418090303.

[18] Tuleshova E.Zh. Bayeshov A., Tukibayeva A., Aibolova G. Baineyeva F. (2015) Oriental journal of Chemistry. Vol.31.
N 4. DOI: 10.13005/0jc/310403

[19] Malyshev V.P. (1977) Matematicheskoe planirovanie metallurgicheskogo i himicheskogo jeksperimenta [Mathematical
Planning of Metallurgical and Chemical Experiments] Alma-Ata: Nauka. 37 p.

[20] Protod'jakonov M.M., Teder R.I. (1970) Metodika racional'nogo planirovanija jeksperimenta [The method of rational
experiment planning] Moscow: Nauka.76 p.




Technology of new materials

NEWS
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

SERIES CHEMISTRY AND TECHNOLOGY
ISSN 2224-5286 https://doi.org/10.32014/2020.2518-1491.96
Volume 6, Number 444 (2020), 38 — 46

UDC 691.16
CSCSTI 67.15.49

K.A. Bisenov, P.A. Tanzharikov , U.Zh. Sarabekova

Korkyt Ata Kyzylorda University, Kyzylorda, Kazakhstan.
E-mail: bisenov_ka@mail.ru, pan_19600214@mail.ru, ulbolsyn.sar@mail.ru

THE INFLUENCE OF ASPHALT RESIN PARAFFIN
OIL RESIDUE ON ASPHALT CONCRETE TECHNOLOGY

Abstract. Based on scientific research and experimental tests, it has been proved that solid waste from oil fields
in the Kyzylorda region based on asphalt resin paraffin sediment (ARPS) is close and binding in its chemical
composition to the main component of the asphalt-concrete mixture of the road surface. And the most effective
method of disposal and neutralization of oil waste was chosen.

The ARPS formed from the use of oil at the Kumkol field was studied, which includes asphaltenes 3 ... 8%;
resins-13 ... 20%; fats-34...65%; mechanical impurities-20...49%; water-1...5%.

In this article, it is proposed to develop an asphalt-concrete technology based on asphalt-resinous paraffin
deposits. The issue of increasing the reserves of raw materials for the production of durable asphalt concrete and
reducing the amount of oil-containing waste in the fields due to the sale of solid oil-containing waste will be
considered. Based on the study, the composition of asphalt-resinous paraffin deposits was analyzed by IR
spectroscopy. The infrared (IR) absorption spectrum was captured in the IR-Fourier spectrometer IR Prestige-21.

The absorption spectra of asphalt-tar-paraffin deposits recorded by the IR spectrometer show the structure of
hydrocarbons in the methyl (2954-2852 cm-1), methylene (1463-1377 cm-1), and methine (721 cm-1) groups. The
analysis shows that the composition of solid oil waste generated at the fields consists mainly of paraffin
hydrocarbons.

The results of the study showed the suitability of asphalt-resinous paraffin deposits for use as organic binders to
dense asphalt concrete of type" B " grade III for IV-V road climatic zones recommended for applying top layers of
coating on roads of technical category 1Y.

Replacing scarce commercial bitumen with oil waste will significantly reduce the cost of commercial products,
as well as simplify the process of preparing the mixture and prevent environmental pollution with harmful substances
released from oil.

Key words: oil waste, organic binders, paraffin wax, spectroscopic method, absorption spectrum, paraffinic
hydrocarbon, heat resistance, softening temperature.

Introduction. Currently, the topical issue of interest to scientists in the field of construction is the
decontamination of waste oil and its use in the production of construction materials as a source of
renewable raw materials.

The analysis of the literature has shown that one of the most widely used areas of oil waste is road
construction. Oil sludge is used as an additive or as an additive in oil-soil, cement-soil, asphalt-concrete,
aerated-concrete, sludge-concrete compositions, which improves the quality of concrete mixes by
reducing strength, frost resistance, water resistance, water absorption, swelling and shrinkage.

Parallel use of waste oil in road construction is an expansion of the raw material base of soils,
reduction of energy and labor costs, reduction of the road surface cost and simplification of the
technological process [1].
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Many scientists of the country have done a lot to improve the environmental situation and reduce their
negative impact on the environment by using solid oil waste as a raw material. In particular: Academician
K.A. Bisenov [2], professors P.A. Tanzharikov [3], A.A. Shomantaev, S.S. Uderbaev [4],
R.A. Narmanova [5] and others. Their work is especially valuable not only in the Kyzylorda region, but in
the whole territory of Kazakhstan in the development of oil production and industrial waste as a source of
renewable raw materials and the production of efficient building materials. It has been proved that the
fields of high paraffin oil in Kyzylorda oblast can be used in road construction on the basis of scientific
research and experimental tests [6].

The study selected the most efficient type of waste oil for disposal and neutralization. It was found
that such wastes include asphalt-resin paraffin sediments. They are formed during the evaporation of pipes
using special equipment for cleaning, dewaxing of process equipment (oil storage tanks, bullets, sewage
wells) [7].

At present, the issue of disposal of asphalt-resin paraffin sediments and oil wastes remains
unresolved. Therefore, one of the study tasks was to solve these problems, and it caused a special
scientific research. The research program is based on the directions of this type waste utilization in the
world professional practice and the effective implementation of promising technical solutions. The APRS
from the Kumkol field was studied, which includes asphaltenes of 3 ... 8%; resins - 13 ... 20%; oil - 34 ...
65%; mechanical additives - 20 ... 49%; water - 1 ... 5%.

Asphalt-resin paraffin sediments are close to bitumen, have a high deformation, soften when heated
and completely dissolve in terms of composition and properties. These properties determine the areas of
agricultural products use and the possibility of their use as a binder in the production of building materials
[6-7]. The use of waste oil as a raw material is widely used in three industries. These are road
construction, construction materials and fuel and energy. Table 1 show that the most profitable industry is
the production of construction materials.

Table 1 - Efficient use areas of waste oil as a raw material resource

Areas of L o The amount .
L Direction of application of waste, Source of waste Technical result of use
application o
mass%
Asphalt concrete 5-10 Paraffin sediment Expansion of raw material
construction
Aerated concrete 1-2 Oil sludge Increasing mechanical
Road .
construction stiffess
Sludge concrete 80-90 Oil drilling sludge Increase resistance to water
and liquids
Fuel oil floor 90-95 Techno genic oil sludge -
Due to the soft roofing 30-40 Oil sludge Reduce mixing time and
water-proofing material temperature
Roofing and water- 30-50 Waste from spilled oil Reduction of bitumen
proofing mastic consumption
Construction Waterproofing 100 ARPS (asphalt resin No preparation required
materials mixture paraffin sediment)
As a lightening additive 20-50 Oil sludge Reduction of material density
Expanded clay 5-15 Oil sludge Reducing the bulk density of
the material and reducing
fuel consumption

Materials and methods. The analysis of the asphalt-resin paraffin sediments (ARPS) formation was
carried out, the composition and properties of paraffin and resin-asphaltenes were studied in order to
discover the meaning of the research topic. Heavy metals in asphalt-resin paraffin sediments were
determined by X-ray fluorescence spectroscopy, and their composition was chromatographically analyzed
by chromate-mass spectrometer.

A special group of oil wastes is asphalt-resin paraffin sediments, which are considered as the main
object of study.

Asphalt-resin paraffin sediments (ARPSs) are formed during the injection of oil through pipelines, as
a result of underground and overhaul of wells, cleaning of process equipment, evaporation of pump-
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compressor pipes using special dewaxing equipment. Asphalt-resin paraffin sediments are often dark-
purple or dark-thick ointment-like masses with high viscosity.

Oil and gas fields as Kumkol, Aryskum, Kyzylkiya and Maibulak, located in the South Turgai
depression, were selected as research objects. The oil from the above fields is a type of oil with high
paraffin and complex parameters. Based on the characteristics of degassed oil, it was found that the
freezing point and the high content of high molecular weight paraffin. The excitation range of these
parameters is very large for the objects in the field and it will be very difficult to explain. It was not
possible to relate these parameters to the location of the pipe in the hypsometric condition in the selected
study material.

The average content of asphalt-resin paraffin sediments in oil recovery systems with wells is paraffin
- 12-86%, resin - 0.8-20%, asphalten - 0.3-45%, oils 6.5-50% and inorganic impurities - 0 -37%. Typical
composition and physical and chemical properties of asphalt-resin paraffin oil residues from various fields
are shown in Table 2.

Table 2 - Composition and physical and chemical properties of asphalt-resin paraffin sediments in oils from various fields

Indicators ARPS - -
Kumkol | Aryskum | Kyzylkiya | Maibulak
Group hydrocarbon content, mass%
Hydrocarbons
-paraffin-naphthenic (P) 48,60 62,06 43,46 41,80
-aromatic-monocyclic 12,38 10,07 16,03 12,40
-aromatic bicyclic 11,07 10,37 10,04 6,70
- aromatic polycyclic 9,60 7,46 15,86 14,30
Compound of hydrocarbons (M) 81,65 89,96 85,39 75,20
Resin (R) 14,65 8,96 7,74 19,20
Asphalteners (A) 3,70 1,04 6,87 5,60
The ratio of structural elements
P/ (R + A)ratio 2,6 6,2 3,0 1,7
A /(A +R)ratio 0,20 0,10 0,47 0,23
A /(M + R) ratio 0,04 0,01 0,07 0,06
Composition of mechanical impurities, mass% 10,99 1,07 3,26 0,42
Physical and mechanical properties
Melting point, °C 72,0 66,5 56,5 -
Density 20°C, g / cm® 2,29 1,03 1,05 0,946

The composition and structure of oil from the Kumkol field were analyzed by IR (Infrared)
spectroscopy. The absorption spectrum for the infrared (IR) region was recorded on an IR Prestige-21 IR
Fourier spectrometer (Shimadzu, Japan) [8].

The composition of asphalt-resin paraffin sediments is determined by the IR spectrum, and the spectra
of raw materials from relatively different deposits based on the analysis are shown in figure 1-3.
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Figure 1 — Infrared spectrum of asphalt-resin paraffin deposits at the Kumbkol field
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Figure 2 Infrared spectrum of asphalt-resin paraffin deposits at the Aryskum field
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Figure 3 Infrared spectrum of asphalt-resin paraffin deposits at the Maibulak field

Absorption spectra of asphalt-resin-paraffin sediments recorded in the IR spectrum show the structure
of hydrocarbons in the methyl (2954-2852 cm'), methylene (1463-1377 cm'), and methyl (721 cm')
groups. The analysis shows that the composition of solid oil residues formed in the fields consists mainly
of paraffinic hydrocarbons.

Results and discussion. The purpose of obtaining products in accordance with the standards of
physical and mechanical nature, predetermined in the implementation of the ARPS based on the analysis
of works on this topic in the literature and summarizing the results of research in this area. Comprehensive
experimental and theoretical research to find a technology for the use of asphalt-paraffin resin sediments
allows to consider this waste as a source of raw materials for road construction [6, 7]. The study revealed
the need to add active substances such as lime and cement to improve the properties of oil waste used in
road construction (viscosity of asphalt-resin paraffin sediments and the strength of oily soils). The mineral
mixture heated to 140-160 ° C is mixed with asphalt-resin paraffin sediment melted at a temperature of
80-95 ° C, obtained in 10-15% by weight of the mineral component. The addition of agricultural products
to the mineral mix in the ratio of 10-15% by weight is sufficient to obtain a quality asphalt concrete mix. It
is not enough to get the ARPS below the specified weight ratio, and adding more than the specified limit
will lead to a decrease in the quality of the mixture. In addition, the use of ARPS to replace commercial
bitumen will significantly reduce the cost of asphalt concrete and improve the environment. The obtained
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asphalt concrete admixtures were tested by physical and mechanical methods in accordance with ST RK
1225-2003 and ST RK 1218-2003. The results are given in Table 3.

Table 3 - Physical and mechanical properties of asphalt concrete based on asphalt-resin paraffin sediments

5 5 B
. . Compressive strength, megaPascal = k) ‘5
[\ < = =
Weight ratio,% (MPa) g % z %
2 2| £ | % | @
E | i =2 & E g
5 Mineral . S 5] 5 RZ]
%A | dmixture Bitumen £ S 2 3 z
ARPS BND Ry Rso Ry R, 2 < = =
(gravel + 4 50 5 B
sand) 60/90 5 2 =
| = 3
1 92,0 8,0 - 2,1 1,0 12,7 2,1 0,59 1,2 2,24 0,71
2 90 10,0 - 2,5 1,1 12,5 2,4 0,65 1,5 2,25 0,72
3 88 12,0 - 2,5 1,2 12,1 2,76 0,66 2,4 2,26 0,74
4 86 14 - 2,58 1,2 12,3 2,6 0,66 3,5 2,27 0,73
5 84 16 - 2,63 1,4 12,6 2.5 0,61 3,5 2,25 0,71
6 90 - 10 2,5 1,6 12,8 2,77 0,6 3,8 2,28 0,76
According to the requirements of ST RK Not Not
1225-2003, E:st less more nz)\]ronia Not less 1.5 to nz)\]ronia ni)\lr(r)rtla
For type B, brand III, IV-V road-climatic than than . than 0.6 4.0 . .
ones than 11 13.0 lized lized lized
z 20 . .

The results of the study showed that asphalt-paraffin resin residues can be used as organic binders for
type III “B” type dense asphalt concrete for road climatic zones IV-V, which is recommended for use in
the construction of the upper layers of pavement on roads of technical category IV.

Asphalt concrete mix obtained by mixing the mineral component with asphalt-resin paraffin deposits
is not inferior to the mixture obtained when using commercial bitumen in terms of technical
characteristics. At the same time, the replacement of scarce commercial bitumen with petroleum waste as
ARPS, which significantly reduces the cost of commercial products, as well as simplifies the process of
preparation of the mixture and prevents pollution of the environment with harmful substances released
from oil [9-12].

During the study, the physical and mechanical properties were qualitative, the composition of the
resulting mixture was as follows: gravel - 40 ... 50%, sand - 15 ... 20%, limestone - 10 ... 15%, ARPS - 20
... 25 %. These give new properties to the waterproof mixture.

Strengthening of oil paraffin soil by mixing with gravel showed that it increases the physical and
mechanical properties of asphalt concrete mix and accelerates the formation of the mineral surface of the
road.

It was observed that the strength of asphalt-concrete mixtures made from oil wastes of oil companies
with the addition of active substances (lime and cement) increases to 11%. They are temporary covering
of highways; when lying frost-resistant layers in the construction of hard pavements; used in the
construction of the lower layers of cement and asphalt pavements.

If the residue consists mainly of pure paraffin sediment, it is very effective to use it instead of
bitumen. Its quality is not inferior to bitumen, but it is 10-15 times cheaper [13-15].

It is proposed to use asphalt-resin paraffin sediments as a building material for the asphalt-concrete
mixture to be laid on the road surface. Practical tests were carried out at the Asphalt Concrete Plant of
Kyran LLP, and on the basis of the proposed technology in Kyzylorda, 100 m long and 5 c¢m thick asphalt
concrete pavement was laid.

The results of laboratory tests of strength and stability of asphalt concrete based on asphalt-resin
paraffin sediments are given. Their resistances to moisture and frost, rheological properties, samples were

—— 4) ——
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made in the laboratory in special samples in order to test the physical and mechanical properties of asphalt
concrete on the basis of asphalt-resin paraffin sediments.

Analysis of the diagram of the composition “mineral powder + amount of ARPS + mineral aggregate”
in the system “Mineral aggregate + gravel + sand” led to the following conclusions: mineral aggregate is
80% of the total weight of asphalt concrete components, mineral powder 9.4-10.2% and production in the
share of 8.6-10.2% of ARPS leads to high strength [16-21].

Conclusions. The new scientifically based results of research for the development of asphalt concrete
mixes, which provide an important environmental solution and expand the stock of road construction
materials, and developments in the use of asphalt-resin paraffin sediments, are analyzed in this paper.

The main scientific and practical results are:

1. The analysis of the areas of use of oil wastes as a source of renewable raw materials showed that oil
wastes, such as oil sludge and oil soils, are used mainly.

2. In the Laboratory of Methods of Physical and Chemical Analysis of Engineering Profile at Korkyt
Ata Kyzylorda University, functional groups of asphalt-resin paraffin oil residues were determined by IR
spectrometer method. Heavy metals in ARPS were analyzed by X-ray fluorescence spectroscopy.
Chromatographic analysis of oil and asphalt-resin paraffin sediments was performed on Agilent 7890N /
5975 chromate-mass spectrometer.

3. The results of laboratory tests of strength and stability of asphalt concrete on the basis of asphalt-
resin paraffin sediments have shown the physical and mechanical properties of asphalt concrete based on
ARPS, its resistance to moisture and frost, rheological properties meet current standards.

4. Asphalt-concrete based on asphalt-resin paraffin sediments was introduced into production
according to the results of research and experimental tests. This is confirmed by the act of commissioning
at the asphalt plant of LLP “Kyran” in Kyzylorda region. The economic efficiency of the developed
technology, based on the calculations, the environmental and economic efficiency of the production of
asphalt concrete amounted to 1.3 million tenge per 1 km of road surface. In addition, it was recommended
for use in the educational process for engineering and environmental specialties and approved by the Act
of introduction into the educational process.

K.A. Bucenos, I1.A. Tan:xkapuxos, ¥Y.2K. CapadexoBa
KopxkpiT Ata athinnarsl Kei3puiopaa yausepeureti, Kpizbiiopaa, Kasakcran

ACOAJNBTTHI AWBIPJIBI HAPA®UHII MYHAM KAJJIBIT BIHBIH,
ACOAJIBTTHI BETOH TEXHOJIOI'MSICBIHA 9CEPI

AnHoTanus. Kbl caifbIH aBTOKOIIIK aFBIMBIHBIH aPTYBI aBTOKOJIKTIH TyTacTal KOJI jKaObIHBIHA KYII TYCipei.
JKon >xaOBIHBIHBIH TOMEHT1 KabaTTaphlHA KaparaHIa OeTki acanbTThl OCTOH KadaTTapbIHBIH JKaFAalbl HaIap.
ActanpTTel 6eTOH KaOBIHBIHBIH EpPEKIICIIri KYKTeMe OCEepiHIH YaKbITKa, KelleMi MEH TeMIepaTypachblHa >KOHE
Te3iMALTITiHE Toyenai Oombim kenemi. Kimmar skarmaiibl KeJiK JKYKTeMeCIMEH KOCBUIBIT ac(albTTHl OCTOH
KaOBIHBIHBIH TO3IMALIITIHE KaTThIpaK acep ereni. JKaObHABI OacTamnKel MaiiianaHyIslH ©3iHAe-aK ChI3aTTap Haiga
60BN, TUTACTHKANBIK Oy3bUTBICTApAsl Oakputayra Oomansl. XKaObIHIapaslH Mep3iMiHeH OypbhIH OYIiHYiHIH HeTi3ri
cebebiHe KoJaHbUIaTEIH ONTYMHBIH Y3aKKa IIBIIAMIBUIBIFEI MEH MaliaaHy KacHeTTepi sKaTabl.

MyHaiiapl KaiiTa eHJiey 3aybITTaphl LIbIFApaThiH jKOJ OMTYMbI KacueTTepi OolbIHIIA >KaObIH iCKe acaTblH K-
Mar karjaibiHa colikec keameiai. COHbIH cajiapblHAH SHEPIUsSHbI KQKET €THEHTIH 9IicTep MEH TEXHOJIOTUsIap bl
naiijanany HeriziHie acaiabTThl OCTOH >XaOBIHBIHBIH as3Fa, BIFBICYFa, ChI3aTKa TO3IMIUINIH >koHEe OepiKTiriH
apTTBIPYFa OaFBITTANIFAH TYTKBIPIIBI 3aTTap jKacay KaKETTUIIr TybIHIaHIbL.

Frutbimu 3epTreynep MeH ToxipuOenik chiHaK OaphichiHAa KpI3buiopma OONBICHIHAAFEI MYHAll KEH OpBIHIA-
PBIHBIH acQanbTTh-maibipiasl napadua meringici (ALUITII) HerisiHgeri KaTrThl KaJIABIFBI JKOJI )KaOBIHBIHBIH
ac¢anbTTel OETOHABI KOCHACHIHBIH HETi3Ti KypamblHA ©3iHIH XHMHUSUIBIK Kypambl OOWBIHINA YKCACTHIFBI JKOHE
0aiiIaHBICTHIPYIITBI CUITATHI JONENAeH . MyHall KanIbIKTapbIH KoJIeTe achIpy JKOHE 3aJIANICHI3IaHABIPYIBIH €H THIMIL
TYp1 TaHOATIBL.

Backa karTel myHail KamapikrapsiHa kaparanga AT aibipManisiIbiFel — TOMBIPAKIICH apajaciiaFraH XoHe
TEK KaHa JKOFapbl MOJICKYJIAJIbI KATTHI KOMIPCYTETiZIeH TYPAThIH Ta3a OPTaHUKAJIBIK OHIM OOJIBIN KeNEeTiHIIT1.

KyMmken keH OpHbIHIArbl MyHaiawpl naigananynan tysuierin AIUTIII 3eprrenin, kypambiHia acdanbTeH
3...8%; maiibip — 13...20%; mait — 34...65%; mexanukansik Kocra — 20...49%; cy — 1...5% GonaThIHBI aHBIKTAJIIBI.
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KypaMmbr sxoHE KacmerTepi >KarblHaH ac(albTTHI-IIANBIpIsl mapaduH IMeTiHaiiepi OUTYyMFa >KakKbH, Jedop-
MaIsUTaHyBl JKOFaphl, KBI3IABIPFaH/Ia JKYMCApPHII, TOJBIK epin KeTeTiH KacueTi 6ap. Ocel kacuertepi AILITII-HbrH
maiinanaHy OaFbITTapbIH OENTiNel, KON KYPBUIBICHI MaTepHaJapblH aly OapbICHIHIA OalIaHBICTBHIPYIIBI PETiHIE
KOJIIaHY MYMKIHJIITT alKbIH/AJ/IbI.

Makanana achanbTThI-IaibIpiabl napaduH meriHgici Herizingeri acdanbTThl OETOH TEXHOJIOTHSCBHIH Kacay
KOJIIapBl YCBIHBUTAABL. KaTThl MyHall KanpIKTaphlH Nalianany apKblIbl y3aK yaKbITKa IIBIAaMIIbI achaibTThl OETOH
OHJIIPICIHIH IIHKI3aT KOPBIH YJIFANTHIIN, KEH OPbIHAAPBIHAFbl MYHAl KaJlIBIFBIH a3aiTy Maceneci KapacThIpblIabl.

3epTTey JKYMBICTAPBIHBIH HETi3iH/e ac(aibTThl-IaibIpiibl napadun merinaici kypambina UK cnexrpockomnust
oaici apkbuibl Tangay xacanasl. Madpakeisul (MK) obnbics GolibiHIa xyThuty criektpi IR Prestige-21 UK-¢ypbe
cnekrpomerpinze (Shimadzu, Xamonus) Tycipinai.

UK criektpinge Tycipiires acqasT-maiibip-niapaduH MeriHiinepiniy Ky Thuty crieKTpiepi Meti (2954-2852 em™),
mertmnen (1463-1377 cm'), mermmmi (721 cm') Tomrapmarel KemipcyTeK KypbUIBIMBIH KepceTemi. Tammay
JKYMBICTApbIHBIH HOTW)KECIHIE KEH OpBIHAAPBIHAA TY3UIr€H KaTThl MYHall KaJIbIKTapbIHBIH KYpaMbl HETi3iHEH
napaduHAI KOMIpCYyTEeKTEH TYPATHIHBIH KOPCETEIi.

3epTrey HOTIDKENEpi acQalbTTHI-IANBIpAsl mapaduH ImeriHaiepiH [V TeXHUKaNbIK CaHATTaFbl JKOJ
KAMBUIFBICHIHBIH JKOFApFbl KaOAThIH Cajly YIIIH KOJJIaHyFa YChIHBUIATHIH [V-V o knumatThiK aitmakrap yiuid [11
Mapkaibl «by» Tunreri THIFBI3 acanbTThl GETOHFA OPraHUKAJIbIK TYTKBIPIAp PeTiHAe NalilaslaHyFa sKapaMAbLIbIFbIH
KOpPCETTI.

MuHepanablK KOMIOHEHTT] ac(albTThI-IIAHBIPIIbI MapadyH MIeriHAIepiMEH apajiacThpy >KOJIBIMEH allbIHFaH
acdanpTThl OETOH apajacnachl TEXHHMKAIBIK CHUIATTaMalapbl OOMBIHIIA Tayapibl OMUTyMIbl TaijanaHy Ke3iHIe
aJNbIHFaH KocmajaH keMm Tycneiai. CoHbIMeH Oipre, Tammbl Tayapibl OuTymabl MyHail Kanasirsl — ALTIII-men
aJIMacThIPy TayapJibl ©HIM KYHBIH €oyip ap3aHiarajbl, COHIal-aK Kocna JaiblHIay YAEpICiH KEeHUIIeTeNll JKoHe
MyHalaH OeJIiHiIl IIBIKKAH 3USHABI 3aTTApMEH KOPIIaFraH OpTaHbl JIACTAY IbIH aJJIbIH alajbl.

Tyiiin ce3nep: MyHall KalAbIKTapbl, OPTaHUKAIBIK OAHIaHBICTBIPFBIIITAD, KATTHI MapaduH, CIIEKTPOCKOIHSIIBIK
dmic, )KYTBLTY JKOJIAFhL, TapapUH/II KOMiIPCYTEK, KBUTyFa TO3IMILTIK, dKyMcapy TEMIIepaTypachl.

K.A. bucenos, I1.A. Tan:kapukos, ¥Y.2K. CapadexoBa
Ke3puopanuckuil yausepcurer umeHn KopksiT Ata, Kei3euiopaa, Kazaxcran

BJIMAHUE ACPAJITBTO-CMOJIMCTO-TAPA®UHUCTBIX HE®TAHBIX OTXO/J10B
HA TEXHOJIOTHUIO AC®AJIBTOBETOHA

ExxeromHoe yBenuueHHE IOTOKa aBTOMOOWJICH 3HAYMTENIFHO YCWJIMBAECT HArpy3Ky Ha ITOKPBITHE aBTOMO-
OMIBHBIX JOPOT, M B IenioM Ha Joporn. COCTOSIHHE HapYXKHBIX CIIOEB ac(albTOOCTOHHOTO MOKPHITHS JOPOT, 10
CpPaBHEHHIO C HIDKHUMH CJI0sSMH, HeOmarompustHoe. OcoOeHHOCThIO ac(aabTOOCTOHHBIX IOKPBITHN SBIISETCS
3aBHCUMOCTH BO3JICHCTBUS OT BPEMEHH Harpys3kH, ee 00beMa, TeMIepaTypsl 1 IPOYHOCTH. KinMaTHyeckue ycioBus
B COYCTAHHWH C TPAHCIIOPTHOI Harpy3Koi OKa3bpIBaroT OO0JbLIOE BO3JEHCTBHE HAa HPOYHOCTH ac(haabTOOETOHHBIX
HOKPBHITHH. YiKe Ha MepBOHAYAIBHOM 3Tale SKCIUTyaTalli MOKPBITUS MOXKHO 3aMETHTh TPEIHMHOOOpa3OBaHUS U
ractnueckue nedopmanmu. K OCHOBHBIM NpPHYMHAM MPEXKIEBPEMEHHOTO IMOBPEXKACHHS IMOKPBITHH OTHOCSTCS
HEOOJIMOBEYHOCTb M HU3KUE SKCIITYTAllTMOHHBIC CBOMCTBA MPUMEHACMBIX 6I/ITyMOB.

JlopoxHble OHTYMBbI, MPOW3BOAMMBIC Ha HedTenepepadaTHIBAIONIMX 3aBOJaX, [0 CBOMM CBOWCTBAM HE
COOTBETCTBYIOT KJIMMAaTHYECKUM YCIIOBHSIM, B KOTOPBIX IKCIUIyaTHPYETCsl JOPO’KHOE MOKpHITHE. B cBsi3u ¢ 3THM
BO3HHMKaeT HEOOXOIMMOCTh pa3pabOTKHM BSDKYIIMX, OpPHUEHTHUPOBAaHHBIX HA IIOBBIIIEHHE MOPO30CTOHKOCTH,
C/IBUTOYCTOMYMBOCTH, TPEIIMHOCTOMKOCTH M TPOYHOCTH ac(aibTOOCTOHHBIX MOKPBITHH, C HCIIOIb30BAaHUEM
METOZIOB U TEXHOJIOT Ui, He TPEOYIOINX SHEPTHH.

Ha ocHOBe Hay4yHBIX HCCIICIOBAaHHMH M OIBITHBIX HCIIBITAHUHA JOKAa3aHO, YTO TBEPABIE OTXOMABI HE(PTSIHBIX
MecTopokaeHnit Kb3puIopauHCKOl 00acTi Ha OCHOBE ac(hanbTo-cMoiucTo-mapaduHOBEIX oTioxeHuit (ACIIO)
ABJIAIOTCA ONM3KUMH U CBS3YIOLIMMH II0 CBOEMY XHMHYECKOMY COCTaBy K OCHOBHOMY KOMIIOHEHTY acajbTo-
OeTOHHOII cMecH JOpPOKHOTO TOKpHITHSA. M Ob1 BeIOpaH Hambonee >(PQPEKTHBHBIM METON YTWIM3ALUU U
00e3BpexuBaHus HeYTAHBIX OTXO/OB.

B omimumne ot apyrux tBepasix HedTsHbIX 0TX010B, ACIIO siBisieTCsS YNCTHIM OpPraHUYeCKHM MPOJYKTOM, HeE
CMEIIaHHBIM C ITOYBOH U COCTOSAIINM TOJIBKO U3 BBICOKOMOJICKYJISIPHBIX TBEPABIX YITICBOAOPOIAOB.

UccnenoBan ACIIO, obpasyrommuiics OT HCHOJIb30BaHMS He()TH Ha MECTOpOXJIeHWH KyMmkonb, B cocraBe
KoTOporo acanbreHsl 3...8%; cMoubl-13...20%; sxupbi-34...65%; Mmexanndeckux npumeceii-20...49%; Boga-1...5%.

ITo cocraBy u cBoiicTBaM ac(haibTO-CMOJIUCTO-NapaUHNCTbIE OTI0XKEHHS OJIM3KN K OMTYyMy, UMEIOT BBICOKYIO
nedopmanuio, 001agar0T MSATKAMH M IOJHOCTBIO PAacTBOPUMBIMU CBOMCTBaMM IIpH HarpeBe. OTH CBOMCTBa
OIIpe/IeNICHBI B KAYECTBE CBS3YIOLIETO MPH MOTYyYSHHH TOPOKHO-CTPOUTEIBHBIX MaTepPHUaJIOB.
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B nanHO# cTaThe mpeanaraeTcs pa3padoTaTh acharbTOOCTOHHYIO TEXHOJIOTHIO Ha OCHOBE ac(habTO-CMOJIICTO-
napaUHUCTBIX OTIOXKEHHH. ByJeT paccMOTpeH BOIpPOC yBEIMUYEHUs 3aracoB CHIPhS IS TPOM3BOACTBA NTPOYHOTO
ac(aapTOOETOHA M CHIKEHHS KOJIMYECTBA HE(TECOACPIKAIMX OTXOJ0B Ha MECTOPOXKICHUAX 3a CUET pealn3aluu
TBEpIBIX HEPTECONEPIKAIINX OTXOIOB.

Ha ocHoBanuu nccnenoBanus ObUT IPOBEAEH aHAIM3 COCTaBa ac(alibTO-CMOIMCTO-NAPaUHUCTHIX OTIIOKEHHH
metogom HMK-cnekrpockonuu. Crekrp mortomeHust no uHppakpacHoi odigactu (MK) ObUT CHAT B CIIEKTPOMETPE
HK-dypse IR Prestige-21 (Shimadzu, SInonus).

CrexTpbl TOTJIOIIEHHsT acabTO-CMOJIHCTO-TTapaUHUCTBIX OTJIOXKEHUH, 3anucanHele MK-cnekrpomerpe,
MOKa3bIBAIOT CTPYKTYPY YIJIEBOJOPOJIOB B METHJIOBHIX (2954-2852 cm-1), merunenoBbix (1463-1377 cwm-1),
MeTHHOBBIX (721 cM-1) rpynmax. AHajau3 MOKa3bIBaeT, YTO COCTAaB TBEPABIX HEPTAHBIX OTXO/0B, 00PAa3yIOLIMXCS Ha
MECTOPOXKJICHHUSX, COCTOUT B OCHOBHOM U3 Mapa()MHOBBIX YIIIEBOAOPOIOB.

PesynbraThl MccineaoBaHUs OKA3aJM IIPUTOAHOCTD ac(aibTO-CMOIUCTO-NApaUHNUCTBIX OTJIOKEHUH K HCIOJIb-
30BaHMIO B KAYECTBE OPraHMYECKHUX BDKYIINX K INIOTHOMY acdanbToderony tuma «by» mapku 111 mnsg IV-V mopox-
HBIX KIMMaTHYECKUX 30H, PEKOMEHAYEMBIX IJIsl HAHECCHHUsSI BEPXHUX CIOEB HMOKPHITUS Ha goporax [Y TexHnmueckon
KaTEeTOpHH.

AcdanpTobeTOHHAs CMeCh, MOJy4eHHAs IyTeM CMEIIMBaHWS MHUHEPAIbHOTO KOMIIOHEHTa ¢ acdabTo-cMo-
JIHUCTO-NapaMHOBBIMHU OTJIOKEHUSAMH, 10 TEXHUYECKHM XapaKTEPUCTHKAM HE YCTYNaeT CMECH, IOJIyYeHHOH HpH
HCIIOJIb30BaHUHU TOBApHOTO OUTyMa.

B T0 xe Bpems 3aMeHa Je(HLUTHOTO TOBAPHOIO OMTyMa HE(TSHBIMH OTXOJAMH IO3BOJIMT 3HAYUTEIILHO Y/ie-
IIEBUTH TOBAPHYIO MPOAYKIHUIO, a TAKXKE YIPOCTUTEL IIPOLIECC IPUTOTOBIEHUS CMECH U IIPEAOTBPATUTH 3arPsI3HEHUE
OKpY>Karollel cpebl BpeIHBIMH BEIIECTBAMH, BBIICIIIEMBIMU U3 HE(TH.

KiroueBble cjoBa: HeTsSHOI OTXO/, OpraHMYECcKHe BSDKYIIME, TBEPIbIH mapad¥H, METOJ CHEKTPOCKOIHMH,
CHEKTp MOTJIOMIEHHS, TapaUHOBBII yTIIEBOJOPO, TEINIOCTONKOCTD, TEMIIEPATypa pa3MsIrdeHHs.
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PROPERTIES OF THE STEEL-FIBER-REINFORCEDCONCRETE
WITH DISPERSED REINFORCING WIRE FIBER
FROM TECHNOGENIC WASTE

Abstract. The article presents the results of theoretical and, most importantly, experimental studies of some
properties of steel-fiber-reinforcedconcrete reinforced with dispersed reinforcement from industrial wastes, namely,
ITEX steel wire fiber from SPA INNOTECH from spent steel ropes, a large number of which are used as raw
materials for fiber production, has accumulated in the region with the mining industry (East Kazakhstan region). The
result of the research was indicators of tensile strength of fiber-reinforced concrete during bending of samples,
characteristics of crack resistance, and impact strength indicators of fiber-reinforced concrete reinforced with fiber
from industrial waste. Knowing and demonstrating these characteristics will make it possible to more effectively
ensure the possibility of selling a new product on the building materials market. This publication has been carried out
as part of the sub-project Technology for Manufacturing Fiber from Technogenic Wastes, funded by the Government
of the Republic of Kazakhstan and the World Bank, Project for Stimulating Productive Innovations.

Key words.steel fiber, industrial waste, fiber concrete, fiber concrete strength, impact strength, crack resistance.

1. Introduction.

The use of steel-fiber-reinforced concrete (SFRC) is increasing as an effective structural material in
construction. Steel wire fiber is currently the most widely used. The production amount and use is
constantly growing. In world practice, more than 300 thousand tons of steel fiber are used per year. In the
Republic of Kazakhstan (RK), unfortunately, the consumptionamount of this promising material is
significantly less. The small consumption of steel fiber reinforced concrete (SFRC) are largely explained
by the lack of fiber production and the lack of knowledge by Kazakhstan designers and builders of the
possibilities and advantages of this material, the absence of normative documentation related to SFRC in
Kazakhstan, the lack of advertising and the lack of focused work on its use, especially from organizations
project side.

2. Technologies for producing fiber from steel ropes.

Karaganda Promstroyproekt in the 80s of the last century, relying on the development of the Central
Research Institute of Industrial Buildings, NIIIZhB and LenZNIIEP, on the basis of the Kazmetallurgstroy
in Temirtau, implemented a method for producing wire fiber from used steel ropes using heat treatment.
The ropes were preliminarily annealed at a temperature of 400-10000C, then they were cut into segments
of a given length, which were split by grinding. Subsequently, steel-fiber-reinforcedconcrete structures for
various purposes were made from the obtained fiber [1-3]. The disadvantage of this method was the loss
of strength of wires during their heat treatment and the difficulty of washing and drying the finished fiber
due to the lack of special equipment for these works. After the collapse of the USSR, research ceased,
without having received wide industrial application.
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Currently, in the East Kazakhstan region there are a large number of metallurgical and mining
enterprises, in which steel ropes are widely used in bridge, overhead, cranes and mine shafts.The
Gosgortekhnadzor of the Republic of Kazakhstan (RK) established the service life of ropes used in the
industry for no more than 5 years (according to experts, it can be extended for another 3 years), inspection
should also be carried out by specialists in the field of flaw detection at least once every 12 months.
According to the presence of damage, a decision can be made to reject the rope earlier than the standard
period of operation of the rope. Rope culling standards are set out in the requirements of RD ROSEK 012-97.

Nowadays, the disposal of steel ropes is their delivery to scrap points in the Republic of Kazakhstan.
Moreover, all spent ropes belong to the same category - 13A, which is determined by GOST 2787-75.
This is not advisable, because the material for the manufacture of ropes is a high-strength wire with a large
unused resource.

The method for producing wire fiber from used steel ropes was modernized at the D. Serikbayev
EKTU, within the framework of the state R&D (agreement with the Ministry of Education and Science of
the Republic of Kazakhstan No. 84-210-13 of 04/10/13) [2]. The introduction of this method into
production was carried out by INNOTECH Scientific and Production Association LLP in Ust-
Kamenogorsk on the basis of the sub-project Technology for Manufacturing Fiber from Technogenic
Waste, funded by the World Bank and the Government of the Republic of Kazakhstan project Stimulating
Productive Innovations.

Fiber production is as follows (Figure 1). Spent steel ropes are cut into segments of a given length
using thermofriction (preliminary) and abrasive (final) disk cutting. The obtained segments of the rope are
then subjected to separation into wires, which is carried out due to the complex compressive-abrasive-
vibrational impact on the segments in a large extent of the zone, which allows the separation of the rope
segments into wires in one pass through the installation.

Ropes/cables
Pre-cutting unit Mam cutting
unit
Rough fiber
Flushing unit <:| Separator
Fiber

Drying unit Packing

Figure 1 — Line diagram for the manufacture of fiber from waste ropes

Furthermore, dispersed reinforcement in the form of wires obtained as a result of rope separation
segments is cleaned of grease and other contaminants by vibration washing in a bath with a special
washing liquid with a combination of chemical, mechanical and hydrodynamic effects on pollution. Upon
reaching the required quality of fiber cleaning, the washing process stops, the fiber is removed from the
bath and sent further for drying or for its intended use. The use of rope cutting with circular knives with an
increase in cutting speed and a reduction in cutting forces, splitting of the rope segments into wires due to
the complex crushing-abrasive effect on them and their splitting in one pass between the grinding surfaces,
and high-quality cleaning of dispersed reinforcement wires in a bath with a washing liquid that vibrates
fluctuations [4-7]. It leads to reduce the energy intensity and time of the process of obtaining dispersed
reinforcement, to increase the productivity and efficiency of the process, to reduce the costs of its conduct,
to increase the surface cleanliness of the wires, to ensure good adhesion of the fiber wires to concrete, and
therefore to improve the technological properties of fiber concrete.
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3. Experimental research.

To evaluate the strength characteristics of steel fiber reinforced concrete with ITEX wire fiber
(trademark registered) from waste ropes produced by Scientific and Production Association INNOTECH
LLP, hereinafter referred to as ITEX fiber, an experimental study was conducted. Since dispersed
reinforcement of concrete with fiber primarily increases tensile strength, crack resistance, and impact
strength, which determines the application field of SFRC, an experimental study was aimed at determining
these characteristics. To compare the effectiveness of ITEX fiber with existing analogs, SFRC with an
anchor fiber 1/50 Hendix and Dramix 3D 80/60BG was also considered. The amount percentage of
reinforcement with wire fiber was adopted as 1%, 1.5% and 2%.The composition of the components for
fine-grained concrete matrix was selected in accordance with the recommendations of [3, 8-12] and is
shown in table 1.

Technical characteristics of the used fiber Hendix:

Brand - 1/50 Hendix, length - 50 mm, diameter - 1 mm, temporary resistance - 1150 MPa.

Technical characteristics of the used fiber Dramix:

Brand - Dramix 3D 80/60BG, length - 60 mm, diameter - 0.75 mm, temporary resistance - 1225 MPa.

Table 1 — Formulation for concrete matrix per 1 m’

Component Quantity (kg / m3) Ratiocomponents
Cementing agent - Portland cement, grade M450, Bukhtarma cement C=661
company (C)
Fine aggregate - quartz sand with a fineness modulus 3.0 (P) P=1283 P/C=1941
Consolidator - water in accordance with GOST 23732-79 (B) B =285 B/C=0.4312
PlasticizerRheobuild 181A (P]) Pl=4 1% of C

Technical characteristics of ITEX fiber:

Temporary resistance - 1809 MPa.

To analyze the ITEX fiber geometry, 4 samples were taken from different places of the total fiber
volume. In the course of measurements, fiber with diameters of 0.5 mm, 1.0 mm and 1.5 mm was
detected. The average fiber lengths of the samples are shown in table 2.

Table 2 — Geometrical characteristics of ITEX fiber

Sample Fiber length % contentin Fiber Length % contentin the Fiber Length % contentin
numger with a diameter the sample with 1.0mm sample with 1.5 mm the sample
of 0.5mm Diameter Diameter
Nel 6,35 cm 20,5% 6,35 cMm 72,6% 6,57 cm 6,95%
No2 6,33 cm 23,2% 6,37 cm 74,6% 6,57 cm 2,2%
No3 6,34 cm 21,7% 6,38 cm 73,6% 6,12 cm 4,7%
No4 6,26 cm 32,8% 6,41 cm 59,2% 6,56 cm 8%

Steel fiber was added to the concrete mixture gradually using a tray and was evenly distributed during
its preparation in the SBR-132A cyclic gravity concrete mixer. A standard vibrating platform with
harmonic vibrations was used to form the samples. The compaction time was 3 s.

The average density of the SFB mixture is 2420 kg/m3.

Delamination coefficient at 2% reinforcement:

- at 3 s of vibration, k, = 0.938;

- at 6 s of vibration, k, = 0,882,which meets the requirements of clause 6.1.40 [3], (k, > 0.85).

Coefficient of homogeneity at 2% reinforcement:

1 test, k, = 0.87; 2 samples, k, = 1.0; 3 samples, k, = 0.98, which also meets the requirements of
clause 6.1.40 [3, 13-18], (1.1 >k, > 0.9).

To determine the tensile strength during bending, 10 series of control samples were made in the form
of square prisms with dimensions of 100*100*400 mm (three samples in each series). Samples were tested
at 28 days of age. The testing equipment used to determine the tensile strength during bending is a 2PG-10
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hydraulic press. A sample mounted on two press supports was loaded up to failure at a constant rate of
load increase (0.05 = 0.01) MPa / s. The load was applied in thirds of the span and was evenly distributed
over the width of the sample (figure 2).

Figure 2 — Installation diagram for determining the tensile strength and crack resistance in bending

The tensile strength of concrete in bending R;;,, MP, was determined according to [4]:
Fl
Ryp =8—5 (1)
where F — breaking load, N; a, b,l — the width, height of the cross section of the prism and the distance
between supports, respectively, mm; § — scale factor to bring concrete strength to concrete strength in
samples of basic size and shape.

4. The results of experimental studies.
The results of the experimental determination of concrete tensile strength in bending are shown in
figure 3.
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Figure 3 — Graphical comparison of tensile strength in bending

The tensile strength in bending of specimens reinforced with ITEX fiber -1.5% increased by 75%
compared with the specimen without reinforcement (that is, 1.8 times), reinforced 2% by 135%
(2.3 times). The similar results were shown for the samples reinforced with Hendix fiber: 1.5% - 97%
(~ 2 times); reinforcement of 2% fiber - 126% (2.3 times). The samples are reinforced with factory fiber
"Dramix", when reinforcing 1%, the strength increased by 134% (2.3 times), while reinforcing 1.5%
showed a smaller result - 113% (2 times), which is explained by the uneven distribution of fiber in the
samples of this series , 2% reinforcement increased strength by almost 3 times (2.9 times) 198%, which is
the best result.

The crack resistance characteristics were determined during nonequilibrium mechanical tests
according to [5]. Nonequilibrium tests are characterized by a loss of stability of the sample deformation
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process at the moment of deformation localization upon reaching the maximum load, with the
corresponding development of the main crack.

7 series of control samples of type 1 were manufactured and tested in the form of square prisms with
dimensions of 100 * 100 * 400 mm (three samples in each series) for bending tests (figure 2), with initial
upper cuts according to [5, 7, 19-21].

Before the test, two loading-unloading cycles were carried out to a value of 10% of the expected
maximum load. Then the samples were loaded continuously until they were divided into parts with fixing
the value F.".The loading speed was measured by the speed of movement of the loading plate of the press
in the range of 0.02-0.20 mm/s.The results of determining the characteristics of crack resistance are shown
in figure 4.
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Figure 4 — Graph comparing the performance of crack resistance

Reinforcement of 1% ITEX fiber increased crack resistance by 194% (~ 2.94 times), and Dramix - by
219% (3.19 times), while reinforcing 1.5% fiber in both cases showed a lower result - ITEX106%
(2.06 times), Dramix 183% (~ 2.83 times). Reinforcement of 2% fiber - ITEX increased by 395%
(4.94 times), Dramix by 662% (~ 7.62 times).

To compare the impact strength, ten series of eight samples were made in the form of a 100*100*100 mm
cube: a series of concrete samples without reinforcement, as well as a series of samples reinforced with
factory fiber from Hendix and Dramix and fiber from waste ropes ITEX with a volume percentage of
reinforcement of 1%, 1.5% and 2%.

The samples were tested on a vertical pile driver after hardening under normal conditions for 28 days.
During the tests, the sample was mounted on the metal base of the pile driver, and from above it was hit
with a hammer weighing 5 kg, freely falling from a height of 1.07 m (figure 5).

Figure 5 — Installation diagram for determining impact strength (vertical pile driver)
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Impact resistance was estimated by the energy spent on the formation of cracks [6, 22-27]:
; )

where P - the hammer mass; g - the acceleration of gravity; H - the hammer height; n - the number of
strokes [27-32]; Ly~ the length of the cracks formed (average value over all faces of the sample).

In the analysis of impact tests, two indicators were compared: the amount of energy for the formation
of the first crack and the amount of energy for the destruction of the sample.The results of determining the
resistance of fiber-reinforced concrete to longitudinal impact upon the appearance of the first crack are
shown in figure 6.
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Figure 6 — Comparison of impact strength when the first crack

Figure 6 shows that with percentage reinforcement with steel fiber p=2% in each series, the impact
resistance index increases by an average of 60%, while samples reinforced with fiber of ITEX ropes with a
percentage of reinforcement of p=1.5% and p=2% show better results than factory fiber samples,
respectively.

The results of determining the resistance of fiber-reinforced concrete to longitudinal impact upon
fracture of the sample are shown in figure 7.
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Figure 7 — Comparison of impact strength during fracture of a sample

The comparison of the indices during the destruction of the sample showed that the percentage
reinforcement with Hendix fiber u=2% increases impact resistance by 94%, and ITEX or Dramix fiber -
by 60%. At the same time, ITEX fiber shows an average result in comparison with factory fiber. The
coefficient of variation according to the calculation results ranged from 13 to 17% for each series.

5. Conclusion.

The results of the tests carried out allow us to justify the prospects of using ITEX steel wire fiber from
used ropes as dispersed reinforcement of structures subjected to bending and dynamic stresses. Having
close and at certain percentages of reinforcing even better physical and mechanical characteristics
compared to the factory options Hendix and Dramix, fiber from spent ropes can be considered a full
competitor in the market of dispersed reinforcement in Kazakhstan, whose competitiveness is also
increased by its low price (1.3-1.5 times) and a large amount of raw materials in the region (East
Kazakhstan region).

— 5 ——
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The data obtained lead to further commercial prospects for the implementation of the proposed
solutions. The presented results served as the basis for the creation of an innovative industrial enterprise
for the production of steel fiber from industrial waste.Areas of effective use of steel fiber concrete are
given in table 3.

Table 3 — Areas for the effective use of steel fiber reinforced concrete

Typeofconstruction Reserveofsavings
1 Industrialfloors 1.1 Reducing the thickness of the floor slab
1.2 Reducing the complexity and time of construction due to the lack of the need for the
manufacture and installation of reinforcing mesh up to 40%
1.3 Increased wear resistance, impact strength and overall durability
1.4 Cost reduction in business up to 24%, reduced costs up to 32%

2 Pilesdriven 2 High impact resistance, which reduces rejects (pile head destruction) when driving up to
30%

3 Steel-reinforced concrete 3.1 Reduction by 10-15% of the wall thickness

pressureless pipes 3.2 Increase in bearing capacity in comparison with standard reinforced concrete up to 2
times

4 Steel-fiber-reinforced 4 The use of steel-fiber-reinforced concrete fixed formwork instead of an inventory shield

concrete thin-walled elements | allows reducing labor costs at a construction site by 20-25%, as well as shortening
of fixed formwork construction time

M.B. I[yzmnnl, AN. Kan, A.B. BaBHJIOBl, B.10. qepHaBHHI, E.A. KJII/IMeHKOI, M. Mubinyak’

1 . .
J. Cepix0aeB arbinnars! LIbirbic Kasakcran TeXHUKANIBIK YHUBEPCUTETI, OckeMeH, Kazakcran;
2 .
Bpo1iaB FpUIBIM KOHE TEXHOJIOTHsIIAp YHUBEpcuTeTi, Bpowyias, Ionpmia

TEXHOTI'EHAIK KAJIIBIKTAPJAH )KACAJIFAH CbIM ®UBPACBIMEH JUCITEPCTI
APMATYPAJIAHFAH CTAJIE®@UBPOBETOH KACHETTEPI

Annoranusi. Kemipze, acnanbsl KpaH XoHE IaxTa YCTIHJAETi KompiiapAa KOJAaHBUIATHIH OONaT apKaHIbl Koaere
KapaTyAblH SKaHAPTBUIFAH TUIMAI oAici YCHIHBIIAAbl. ApKaHIbl KOAEre jkapaTy IereHimiz — Oepik CbIMHaH Oojat
TaJIIIBIFBIH ATy MaKCaThIHJA KalTa eHIey. bonar apkaHHaH ChIM TalIBIFBIH ay 9aici yHunexy3inik bank nen Kazakcran
PecriyOnukacel YKIMETiHIH KOJJaybIMEH «OHIMIIK MHHOBALMSIIAPABl BIHTANAHIBIPY» >K00AChl asiChIHAA Kap KbUIaHIbI-
pourraH  «TeXHOTEHIIK KaJIbIKTaplaH TAIMBIK OHIIPYIiH TEXHOJOTHSIChDy INAFbIH JK00achl HeridiHae OcCKeMeH
kanacsiHgarsl « MTHHOTEX rputbiMu-enaipictik 6ipnectiri» XKIIC xy3ere acbpabl.

TanmpIK faifbIHIAaY TePMOGPUKIMSUIIBIK (AJIBIH ajia) sKoHe abpa3uBTIK (COHFBI) AUCKLT Kecy apKbUIBI 00JaT apKaH bl
OepiireH Y3bIHIBIKKA KECy apKbUIbl OHIpiieai. ApblKapaid ajblHFaH apKaHHBIH KECIHJIepi chIMuapra OemiHeni,
Y3BIH/IBIFBI OOMBIHINA YIKEH aliMaKTarbl KECIHAIre KYPHENi ChIFY-bICKbLIAY-AIPUIIIK ocep €Ty eceOiHeH XKy3ere achIpbl-
najel, OYJI apKaH KeCiHIUIepiH OpHATy apKbLIbl Oip ©Ty YIIiH chiMFa Oyl )Ky3ere acelpyra MyMKiHaik Oepeni. Coman
KelliH apKaH KeciHAidepiH Oeily HOTHXKECIHIE ajblHFaH CbIM TYPIHIEri AUCIEPCTI apMaTypa JacTaHyFa XUMMSIIBIK,
MEXaHHUKAJIBIK JKOHE T'MIPOJAWHAMUKAJIBIK 9CEp/i YiJIeCTipe OTHIPBIIN, BAaHHAA apHAWbl KYy CYHBIKTBIFBIMEH AIpUIIL Kyy
oniciMeH MaiilayaH kKoHe 0acKa Ja JIacTaHyJaH Ta3apThUIaJbl. TaNIIbIK Ta3anay camachlHa XETKEHIE XKyy IHporeci
TOKTaWIbl, TAJIIIBIK BAHHA/IAH IIBIFAPBUIAIIBI )KOHE OJIaH i KENTipyre HeMece MaKcaThlHa Kapail naiiiananyra xioepinei.

«MHHOTEX sputeiMu-enaipicrik Gipaecriri» JXXIIC enmiperin «ltex» Tammblk [enm aranaThlH NaiJalaHbUIFaH
apKaHHaH acaJFaH ChIM TAJIIBIKTApbl 0ap 001aTPuOpOoOETOHHBIH OEPIKTIK CHITATTaMaChlH Oarayiay YIIiH SKCIEPUMEHTTIK
3eprrey xkyprisinai. bomar ¢uOpaOeToHHBIH KoigaHy ailMarblH AaHBIKTAWTBIH OETOHHBIH TAJIIBIKTHI JUCIEPCTI
apMaTypackl €H alJBIMCH, CO3bUIy KEIEpriCiH, ChIHyFa TO3IMIUILIH JKOHE COKKbI OEpIKTITiH apTThIPATHIHABIKTaH
IKCHEPUMEHTTIK 3ePTTeY OCHI CHIIaTTaMaNap/bl aHBIKTayFa OarbITTaIFaH. «[teX» TaIIbIFBIHBIH THIMAUIITIH KOJIaHBICTaFbI
aHanorrapMeH canbIcThipy yiuiH «1/50 Hendix» xone «Dramix 3D 80/60BG» aHkepiik TanmibiFel 0ap OonatdgudpadeToH
KapacTeIpbULAbl. ChbIM TalMIBIKTAapblH apMaTypalayAblH KeleMmIik maibei3sl 1%, 1,5% »xoHe 2% Ooibln KaObLIIAHMBL.
Yarinepniy winy kesinzeri cosputy Oepikriri «Itex» apmarypananfaH Tammbikta 1,5%, apmarypananOaraH yiriMeH
canbicTeipranna 75%-ra (srHu 1,8 ece), apmarypananran 2%-nan 135%-ra (2,3 ece) ecrti. ¥kcac HotmxkeHi «Hendix»
TAJIIBIFBIMEH apMaTypajaHfraH yiritep kepcerti: 1,5%-97% (~2 ece); 2% tammslk apmatypacel 126% (2,3 ece).
«Dramix» 3aybITTBIK TaJIIIBIFEIMEH apMaTypaianfaH yiarinep 1% apmarypanay kesinne 6epikriri 134%-ra (2,3 ece) apTThl,
an 1,5% apmarypanay a3 Hotmxke kepcerTi — 113% (2 ece), OyI1 OCHI cepHsIarsl YITiIepae TaIIIBIKTHIH OipKenKi Oeminoeyi
Heri3iHge Tycinaipineai, 2% apmarypanay Oepiktirin mamameH 3 ece (2,9 ece) 198% apTThipabl, OyJ1 jKOFapbl HOTHKEHI
KepceTe/Ii.

«Itex»TanmbIFeIHbIH 1% apMaTypanay skapblkka Te3iMIuTikTi 194%-Fa (~ 2,94 ece), an «Dramix» 219%-ra (3,19 ece)
apTTHIpABL, Oy perre TaMWBIKTH 1,5% apmarypamay eki karmaiina na a3z HoTmke kepcerti: «ltex» 106% (2,06 ece),
«Dramix» 183% (~ 2,83 ece). 2% tammubIkTel apmatypanay «Itex» 395%-ra (4,94 ece), «Dramix» 662%-ra (~ 7,62 ece)
apTTEHI.
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Yrinig JUHAMUKaNbIK Oy3bUTyBIHIAFbl KOPCETKIMITEPAL CalbICTBIPY XKYMbICTaphl kepceTkenael, «Hendix» p = 2%
TaJIIIBIKTHI TARBI3IBIK KYMIEHTY COKKBIFA TO3IMIUTIKTI 94%-Fa, an «Itex» HeMece «Dramix» TammbIKTapbl apKeuTbl 60%-Fa
apTTelpagbl. byn okarmaiina «ltex)» TalIIbIFBl 3aybITTBHIK TAIIIBIKICH CalbICTBIPFaH/a OpTallla HOTIDKEHI KepCeTesl.
Ecenrey HaTmkenepi OoiipIHIIa Bapranus KodhduiueHTi op cepus yuriH 13-teH 17%-ra aeiin sxorapbuIaii sl

XKyprisiiren cbhlHAaK HOTIKenepi Oyrinyre »oHE AMHAMHUKAIBIK ACEpJIepre YINBIPAUTBIH KOHCTPYKLUMSUIAPABIH
JCIIEpPCTi apMaTypachl peTiHAe IiCTeH IIBIKKaH apkaHHaH «[tex» Ooxat ceiM (uOpachiH OojamrakTa MalijanaHyabl
Herizpeyre MyMkinzaik Oepeni. «Hendix» sxoHe «Dramix» IIeTenik HycKalapblMEH CAJBICTBIPFAHIA apMaTypaslayablH
JKaKpIH JKOHE Oenrim Oip maibi3bl Ke3iHJe, TINTi KOFapbl (hU3UKAIBIK-MEXaHUKAIBIK CHITATTAMara He 0oJia OTBIPHIIL,
nalanaHbUIFaH apKaH TalubiFbl Ka3akCTaHHBIH JUCIEPCTi apMaTypa HapbIFbIHIA TOJBIK KYKBIKTBI Oocekesiec OOJbII
caHalybl MYMKIiH, OHBIH Oocekere kaOinerrimiri apzan Oaracer (1,3 - 1,5 ece) men enipae (IIIsirbic Kazakctan o0JbICH)
MIMKi3aT MONLIEPiH YIFalTaabI

YHemaey pesepBiH OeperiH 601arhuOpoOETOHABI THIMII KOJJAHY/ABIH Kelecified cajanapbl YCHIHBLIABI:
OHEpKICINTIK efeHaep (€OeH IUIMTAChIHBIH KalbIHABIFBIH a3alTy; apMaTypasblk TOpAbl JalblHAAy MKOHE OpHATY
Ka)KETTUTrHIH OonMaybl ece0iHeH KYpBUIBICTHIH €HOEK CHIMBIMABUIBIFEI MEH yakbIThIH 40%-Fa TeMEeHIeTy; TO3yFa
TO3IMILNIIriH, COKKbIFa OEPIKTIriH XKOHE XKAaNIbl TO3IMALTIIH apTTEIPY; €HOEK KYHbIH 24%-Fa, KeNTipinreH WbIFbIHIBL 32%-
Fa TOMEHJIETY); KaFbUIFaH Kajanap (>KOFapbl COKKbIFa To3iMIiTik 30%-Fa cOFbUIFaH Ke3/1e akayabl (KaJaHblH O0achiH 0y3y)
cupereni); 60marhuOpoOETOHIBI aFBIHCHI3 KYOBIpiap (KaObIpFa KaldbIHABIFBIHBIH 10-15%-Fa a3aiobl; THUNOTIK TeMipOeTOH
KYOBIpIapbIMEH CalbICTBIPFaHAAa KeTeprill KaOineTiHiH 2 ecere JeiliH yiiFaiobl); alblHOAWTBIH — KaJIBIITHIH
601aTuOpOOETOHIBI  KYKa KaOBIpFajbl JJIEMEHTTepl (MHBEHTAPIBIK KalKaHIIA OpHBIHA  007aThUOpPOOETOH B
aNbIHOANTHIH KaNbIITApAbl KOJAAHY KYPBUIBIC ajaHbIHIAFrbl €HOCK WbIFBIHBIH 20-25%-Fa TeMeHAeTyre, COHaaii-ak
KYPBUIBIC MEP3iMiH KBICKApTYFa MYMKIHIIK Oepei).

Tyiiin ce3mep: 00JIaT TANIIBIFBI, TEXHOTCHIK KAJJIBIKTAP, TAIIBIKTH TEMIPOSTOH, TAIIIBIKTHI TeMipOEeTOH OepiKTiri,
COKKBI O€pIKTIri, >KapbIKKa TO3IMITIK.

M.B. J]ymcm{], AM. Kum', A.B. BaBHHOBl, B.10. Ilepﬂamml, E.A. Kinmenko', M. Mubingak’

1 “ o
Bocrouno-Kazaxcranckuii Texundyeckuii yausepceureT uM. 1. CepukbaeBa, Ycrb-Kamenoropek, Kazaxcras;
2 o
BpowaBckuii yHUBEpCUTET HayKH U TexHoJoruu, Bpoiyias, [Tonbia

CBOICTBA CTAJIE®@UBEPOBETOHA C JIMCIIEPCHBIM APMUPOBAHUEM
MMPOBOJIOYHOM ®UBPOM M3 TEXHOTEHHBIX OTXO/10B

AnHotauus. Ilpemiaraercss MOAEPHU3HPOBAHHBIA S(Q(PEKTHBHBIH METON YTWIN3AIMU OTPaOOTaHHBIX CTaIbHBIX
KaHaTOB, MCIOJIb3YEMBIX B MOCTOBBIX, IIOJABECHBIX KpaHaX W HAAUIaXTHBIX KOIIpax. yTI/IJ]I/ISaLlI/IH KaHAaTOB 3aK/JIFO4YacTCsA B
uX nepepaboTKe C UEeNbI0 MOJTYIeHHs CTATbHON (GUOPHI N3 BHICOKOIPOYHON MPOBOJIOKU. METO MOJTYyYSHHUs IPOBOIOYHON
¢ubpsl u3 cranpHbix kKaHaToB BHeApéH TOO «Hayuno-npousBoactBeHHoe oOwvenuHenne MHHOTEX» B r. Ycrb-
KameHoropcke Ha 0cHOBe moanpoekTa « TeXHOIOTHs H3rOTOBICHUS (PHOPBI N3 TEXHOTEHHBIX OTXO/I0BY», (PHHAHCHPYEMOTro
B paMmkax mnpoekra «CTUMyIMpOBaHUE IIPOLYKTHBHBIX MHHOBAlLlMi», HoAnep:ku-BaeMoro BcemupHbiM bankom u
IMpaBurenscTBoM PecnyOimku Kazaxcras.

Wsroroenenue GuOpbI NPOU3BOAMTCS TOCPEACTBOM pa3pe3aHus CTAIBHBIX KAaHATOB Ha OTPE3KH 3a/laHHOM JIJIMHBI C
MIOMOIIBIO TepMOGPUKIIMOHHOH (IIpeIBApUTENBHOI) U aOpa3uBHOMN (OKOHYATENBHOW) THCKOBOH pe3ku. [lajee momydeHHbIe
OTPEe3KU KaHAaTa IOJBEPraloTcs pas3/esICHUI0 Ha NPOBOJIOKH, KOTOPOE OCYIIECTBIAETCS 3a CUET CJIOKHOTO CIKUMAIOIIE-
UCTUPAIOIIe-BUOPAIIMOHHOTO BO3/ICHCTBIS Ha OTPE3KU B OOJBIION MO MPOTHKEHHOCTH 30HE, YTO IO3BOJISIET OCYIIECTBIST
pasleneHue OTpPe3KOB KaHaTa Ha MPOBOJIOKH 3a OJMH NPOXOJ 4yepe3 YCTAHOBKY. 3aTeM AWCIEpCHas apMaTypa B BHJE
MPOBOJIOK, IOJYYSHHBIX B pPe3yJbTaTe pa3lelieHds] OTPE3KOB KaHaTa, MOIBEPraercs OYMCTKE OT CMas3Kd U JAPYTuX
3arpsi3HEHU METOAOM BHOPAallMOHHOW MOWKM B BaHHE CO CICHHAIbHONH MOIOIICH J>KUIKOCTHIO TPH COYETAaHHU
XMMHUUYECKOT0, MEXAHUUYECKOTO U TUAPOAMHAMHUUYECKOrO BO3JeHCTBUI Ha 3arps3HeHus. Ilo nocTmxeHHH TpeGyemoro
KayecTBa OYUCTKH (UOPBI Mpolecc MOMKH OCTaHaBIUBaeTcs, (huOpa M3BJICKACTCS W3 BaHHBI U OTIIPABISCTCS Jajiee Ha
CYUIKY WM TSl HCIIOJIb30BaHHS 110 HA3HAYCHHIO.

JIJish OLEHKHM TPOYHOCTHBIX XapakTepucTuk crajeduopoberona (CDB) ¢ nmposonouHol GuOpoit U3 OTpabOTaHHBIX
kaHaToB, npou3soauMoil TOO «Hayuno-npousBojacteeHHoe oobenunenne MHHOTEX», nanee umenyemoii ¢pubdpa «ltex»,
MIPOBEACHO AKCIIEPUMEHTANBHOE HCCllefoBaHne. Tak Kak AMCIEPCHOE apMupoBaHue OeToHa GuOpOi B mepByIO odepeab
HOBBIIAET CONPOTHUBICHUE PACTSDKEHUIO, TPELIMHOCTOMKOCTh M yJapHYO MPOYHOCTb, YTO M OIpeAenseT o0nacTb
npumeHenus: COb, To ’KCIeprUMEHTaIbHOE MCCIIeIOBaHUE OBbUIO HAICJICHO HAa ONPE/CICHUE ITHX XapaKTepucTHk. Jlis
cpaBHeHUs 3bdeKkTuBHOCTH GUOPHI Itexc cylecTByomUMY aHanoraMu paccMmarpusaics Takke COb ¢ ankepHoit ¢pubpoit
«1/50 Hendix» u «Dramix 3D 80/60BG». OOBbEMHBIN MPOLIEHT apMUPOBAHHUS MPOBOJIOYHOM (hnubpoit Obin mpuHsT 1%,
1,5% u 2%.

IIpounocTs Ha pacTspkeHHE IpH M3rube 00pas3umoB, apMUpPOBaHHBIX (GuOpoi «Itex» 1,5%, moBeicunace Ha 75% 1o
cpaBHEHMIO ¢ oOpasuoM Oe3 apMmupoBaHus (To ectb B 1,8 pa3), apmuposanusie 2% - Ha 135% (2,3 pasa). Cxoxuit
pe3ynbTaT HoKa3anu oOpasipl, apMupoBanHsle uopoi «Hendix»: 1,5% - 97% (~ B 2 pa3a); apmupoBanue 2-m1 % (HuOpHI -
126% (2,3 paza). OOpasmpl ke apMUpOBaHHbIE 3aBOACKOH (ubOpoil «Dramix», mpu apmupoBaHuu 1% HIpPOYHOCTH
nosbicunack Ha 134% (2,3paza), npu 3Tom apmupoBanue 1,5% moxasamo mensiinii pesynprar — 113% (2pasza), uto
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00BbsCHAETCA HEPaBHOMEPHOCTBIO pacmpeneneHus ¢(uOpel B obpasuax TaHHOM cepuu, 2% apMHUpPOBaHMS MOBBICUIIO
MIPOYHOCTH MOUTH B 3 pasa (2,9 paza) 198%, 4ro ABnseTcs HAWIYULIUM PE3yJIbTATOM.

ApwmupoBanue 1% ¢ubpsl «Itex)» HOBBICHIO TPEHUHOCTONKOCTh Ha 194% (~ B 2,94 pasa), a «Dramix» — Ha 219%
(3,19 pa3), mpu stom apmupoBanue 1,5% ¢GuOpel B 000MX Clydasx IMMOKa3ano MeHbIWi pesynbrar — «Itex» 106%
(2,06 paza), «Dramix» 183% (~ B 2,83 pa3sa). ApmupoBanue 2% ¢ubpsr — «lItex» mosbicuno Ha 395% (4,94 pasza),
«Dramix» Ha 662% (~ B 7,62 paza).

CpaBHeHHE TIOKas3aTened Npu JUHAMMYECKOM pa3pylleHMH o0pasla I[OKa3ajao, YTO IPOLIEHTHOE apMHPOBAaHME
¢ubpoii “Hendix” p=2% moBBIIAET YAAPOCTOUKOCTH Ha 94%, a pubdpoit “Itex” wmu “Dramix” — Ha 60%. [Tpu sToM Pubdpa
“Itex” moxa3bIBa€T CpPEIHHN pE3yJibTaT B CpaBHEHHH ¢ 3aBojcKod ¢uOpoil. Koadduuuent Bapuanuu no pesynbraram
pacuera coctaBui oT 13 10 17% nmnst kaxmoi cepun.

Pe3ynbTaThl NPOBENEHHBIX MCHBITAHUN IO3BOJIIIOT OOOCHOBATh IEPCHEKTUBHOCTb HCIIOIL30BAHUS CTaJIbHOM
npoBoJoYHOW Gubpel  “Itex” wu3 O0TpabOTAaHHBIX KAaHATOB B KAueCTBE JUCIICPCHOW apMaTypbl KOHCTPYKIIHIA,
HOABEPraomuxcss U3ruby M IUHAMUYECKUM BosfeHcTBusaM. OOmazass OIM3KMMHU U IIPU ONpPENETCHHBIX IPOLEHTaX
ApPMHUPOBAHMUS JaXKe JyYIIUMHU (PU3NKO-MEXaHMYECKUMH XapaKTePUCTUKAMH 110 CPABHEHHIO C 3apyOeKHBIMU BapHaHTaMU
“Hendix” u “Dramix”, ¢ubpa u3 0oTpaOOTaHHBIX KAaHATOB MOXKET CUUTAThCA IOJHOIPABHBIM KOHKYPEHTOM Ha PBIHKE
ncniepcHol apMatypbl Ka3axcrana, 4o KOHKYPEHTHOCIIOCOOHOCTD TaKkKe yBenmunBaeT e€ Huskas 1eHa (B 1,3 — 1,5 pa3)
1 OO0JIBIIIOE KOJIMYECTBO ChIPhs B pernone (Bocrouno-Kazaxcranckas 00yacTs).

PexomenoBanbl o6sacTi 3(pPEKTUBHOrO IPUMEHEHHs CTalle(uOpOOETOHA, NAIOLIIE PE3EPB SIKOHOMUM:

- IPOMBIIUIEHHBIE OB (YMEHBIICHUE TOJIIMHBI IUTUTHI T0JIa; CHIXKEHHE TPYIOEMKOCTH U BPEMEHHU CTPOUTENIBLCTBA
3a c4éT OTCYTCTBMS HEOOXOJAMMOCTH H3IOTOBIEHHS WU YCTAHOBKM apMaTypHbIX ceTok 10 40 %; ysenaudeHue
HU3HOCOCTOMKOCTH, y/1apHOM MPOYHOCTH U B LIEJIOM JOJIFOBEYHOCTH; CHIPKEHHE CTOMMOCTH B ziene 10 24%, npuBeIEHHbBIX
3arpart 10 32%);

- cBaM 3a0uBHBIE (BBICOKAsl YAAPOCTOHKOCTD, YTO CHIDKAET Opak (pa3pylIeHue TOJI0BHl cBan) npH 3aduBke 10 30 %);

- cranedubpoOeToHHbIe Oe3HanopHble TpyOb! (yMeHbuieHne Ha 10—15 % TOMIMIMHBI CTEHOK; yBEJIMYEHHE HeCylen
CIOCOOHOCTH MO CPABHEHUH C THIIOBBIMH XKelIe300€TOHHBIMHU /10 2 pas3);

- cTaneuOpoOCTOHHBIE TOHKOCTEHHBIE 3JIEMEHTBI HEChEMHOH onanyOku (mpuMeHeHue cTanedhuOpoOeTOHHON
HECHEMHOH OnamyOKH BMECTO MHBEHTApHOH IMTOBOM MO3BOJISIET CHU3UTH TPYAO03aTPaThl HA CTPOUTEIBHON IUIONIaKe Ha
20-25 %, a TaKxKe COKpaTUTh CPOKU CTPOUTEIHCTBA).

KawueBble ciioBa: cranpHas (uOpa, TEXHOTEHHBIE OTXOHbI, PuOpobOeToH, mpouHocTH (GUOpoOeTOHa, yaapHas
BA3KOCTb, TPELIUHOCTOMKOCTb.
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OBTAINING DERIVATIVES OF HUMIC SUBSTANCES FROM
OXIDIZED COAL AND STUDY OF PHYSICO-CHEMICAL
AND ADSORPTION PROPERTIES

Abstract. In the work, a chemical analysis of humic substances based on oxidized coal of the Maikuben basin
(Kazakhstan) is carried out. Humic acids were obtained on the basis of potassium humates by acidification with a
20% acid solution to pH = 3-4.5. The optimal conditions for obtaining nitrohumic acids from oxidized coals are: the
duration of the process is 3 hours, the ratio of S:L. = 1:5, the content of nitric acid is 64%, sulfuric acid is 96% and
the composition of the nitrating mixture is 1:1 (g/g). Amminohumic derivatives were obtained in the presence of a
3% aqueous solution of ammonia using mechanical activation and ultrasonic treatment. The samples obtained were
tested as an adsorbent for water purification from heavy metals. Humic acids and aminohumate showed the highest
degrees of purification for zinc (99.0-100.0%) and cadmium (80.0-96.7%), and nitrohumic acid showed a high
adsorption capacity for heavy metals like copper - 100.0 % and lead 82.9%. This is due to the fact that when
interacting with heavy metals, humic acids and their derivatives (amino and nitro) form chelate complexes due to
carboxyl, phenolic, nitro and amino groups. As a result of the study, the possibility of using them as non-toxic
available sorbents for the purification of heavy metals in aqueous media has been shown.

Key words: oxidized coal, humic acid, nitrogumic acid, amino humate, adsorbent, heavy metals.

Humic substances (HS) are a macrocomponent of organic matter in soil and water ecosystems, as well
as solid fossil fuels. The use of brown and oxidized bituminous coals for the production of humic
fertilizers and plant growth stimulants is one of the promising directions in coal chemistry. For humic
acids (HA) coals are characterized by a general type of composition and structure. However, depending on
the initial composition of coal, the method of extraction and storage, the indicators of their composition
and structure may vary. The physiological activity of HA is largely due to the content of quinoid groups
and phenolic hydroxides [1].

The presence in the macromolecules of oxidized carbons and humic acids of an aromatic framework,
highly substituted by functional groups such as carboxyl, phenolic, quinoid, carbonyl and others,
determines their ability to enter into an ion exchange reaction and the possibility of using them as sorbing
substances [2].

To increase the efficiency of humic preparations in sorption processes, their directed functionalization
seems to be promising, in particular, by introducing nitro-, amino- and other groups into their
composition. Interest in such sorbents is caused by the combination of ion-exchange properties with
respect to alkali and alkaline earth metals and the possibility of complexation with transition metals. A
significant contribution to the complexation is made by nitrogen atoms, which, in contrast to oxygen
atoms, have a higher polarizability and are more prone to the formation of donor-acceptor bonds with
metal ions [3].

Nitrohumic acids have received considerable attention as potential soil amendments for nitrogen
fertilizers and many other applications, such as plant biostimulants and chelating agents for metals [4-7],
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as they are characterized by high sorption and complexing properties. They are usually produced by basic
coal mining that has been oxidized with nitric acid.

Aromatic nitration, discovered by Mitscherlich in 1834, is a typical electrophilic substitution reaction.
The electrophile is the nitronium cation NO*". The nitronium ion has a linear structure, the nitrogen atom
is in the sp” state, and oxygen is in the sp” hybridization state [8].

Humic substances (HS), in addition to being a source of C and N for microorganisms and plants, are
important in the chemical and physical properties of the soil, mainly due to their high complexing ability
with respect to metal ions, which is a consequence of the presence of oxygen-containing functional groups
in their structure associated with their high specific surface [9, 10].

It is known that the coals of humic acids are weakly acidic cation exchangers. When nitrogen atoms
are more prone to donor-acceptor bonds with metal ions than oxygen atoms are introduced into these
carbons, the latter become more complex and polyampholytic [11].

Methods for introducing nitro and amino groups into the composition of coals or humic acids (HS)
are their direct nitration or amination.

The aim of the work is to obtain nitro-, amino-humic substances from oxidized coal of the
“Maikuben” basin and to study their physicochemical and adsorption properties.

The raw material used was brown coal from the Maikuben deposit, pre-crushed to a particle size of
less than 0.1 mm and having the following characteristics (wt%): A%- 258, W -9.3; V- 46.6; S - 0.71.
The yield of free humic acids was (on the analytical state) - 87%.

The moisture, ash content and volatility of the samples were determined on a “Thermoster Eltra”
thermogravimetric analyzer (according to ASTM D7582-12). The total pore volume, bulk density, pH of
the aqueous extract, adsorption activity for methyl orange and methylene blue were determined in
accordance with the procedures [12, 13]. The adsorption characteristics of the sorbents (specific surface
area) were studied by the Brunauer-Emmett-Teller (BET) method, measurements were carried out on a
KATAKON Sorbtometer M. Chemical analysis and surface morphology were studied by energy
dispersive X-ray spectroscopy using an SEM instrument (Quanta 3D 200i) with an EDAX energy
dispersive analysis attachment. The IR spectrum of the samples was recorded on a Nicolet iS 10 FT-IR
spectrometer.

Humic substances are obtained from oxidized brown coal, purified and determined in accordance with
the recommendations of the International Humic Substances Society (IHSS). Humic acids were obtained
on the basis of potassium humates, by acidifying them with a 20% acid solution to pH = 3 - 4.5, as a result
of the reaction, humic acids precipitated in the form of amorphous brown sediments.

Nitrohumic acids were obtained according to the method described in [2], where coal was treated with
64% nitric acid and 96% sulfuric acid in a ratio of 1: 1 (g/ g) in a cooled flask. The ratio S:L was 1: 5. The
coal nitration method using a nitrating mixture is the most effective. Sulfuric acid has a catalytic effect and
reduces the oxidative effect of nitric acid. The nitrating mixture was added to the moistened charcoal in
small portions with vigorous stirring and cooling. The process was carried out at a temperature not higher
than 40-50 ° C to suppress oxidative reactions, the duration of the experiment was 3 hours. The precipitate
was separated from the filtrate, washed several times with water, and dried. The nitrocarbon yield was
85%. Nitrohumic acid was obtained from nitrocarbon by alkaline treatment (3% KOH, microwave
treatment for 6-7 min, power 1000 W) and subsequent precipitation with 5% acid solution.

The nitrating agent is nitronium ions, which are formed during the decomposition of concentrated
nitric acid:

+ -
2HNO; = NO, + NOs + H,0

or in the interaction of sulfuric and nitric acid:
+ + -
HNO; + H,SO4 = NO, + H;0 + 2HSO,

Nitration of coals occurs similarly to aromatic hydrocarbons by the mechanism of electrophilic
substitution for the aromatic nucleus of carbon macromolecules and leads to the formation of nitrohumic
acids [1].
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To obtain aminogumic substances, oxidized coal was crushed to 2.95-452 microns. Then, in a
rotary-pulsating apparatus (RPA), it was subjected to intensive oxidation and dispersion of coal
particles with atmospheric oxygen, the mixture was heated to 50 °C and brought to an ultrafine state and
a homogenized mass in the presence of a 3% aqueous ammonia solution for 20 minutes. After RPA, the
finished mass was fed into the extraction vessel for holding the solution for 1 hour. The aged solution
was fed to the synthesis module for ultrasonic dispersion, where it was subjected to ultrasonic
dispersion at a certain frequency. The ultrasonic treatment time was 25 minutes.

H
\ | Hmmc H
Ii:gmc o + md C =NH: - OH % a‘c‘:j‘c/ NH
/ |
H

To carry out research on the removal of heavy metals using humic substances, a model solution of
heavy metals (copper, zinc, lead, cadmium) was prepared from state standard samples (SSS). In a conical
flask (250 ml), a weighed portion of the sorbent (0.5 g) was stirred with a model solution (50 ml,
pH = 3.26) and stirred in a shaker at room temperature (25°C) at a stirring speed of 200 rpm for 3 hours.
After the process, humic substances with heavy metals were extracted from the solution by filtration. The
solution filtered from the adsorbent was analyzed for the content of heavy metals on a Ta-lab
voltammetric analyzer.

The chemical composition and physicochemical characteristics of the obtained humic substances are
shown in tables 1-3.

Table 1 - Chemical composition of humic substances

Ne Content of elements, wt.%
Denomination S T
C (0] Na | Mg Al Si K Fe Ca
b Humicacids | 1947 | 4003 | - 072 | 058 | 38.06 | L.15 - - -
2 Nitrohumic
acids 50.51 | 29.19 | 0.17 | 022 | 345 | 946 | 070 | 1.69 - 0.19 -
3 | Aminohumate | 3609\ 3 08 | 019 | 030 | 284 | 725 | 065 | “T* | 049 - 0.36
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According to the data obtained, it should be noted that the potassium content (38.06%) in comparison
with the initial humic acid decreases to 0.70% and 0.65% in the derivatives of nitrogumic and aminohumic
acids, respectively, which may be due to the replacement of potassium ions by amino and nitro groups.

Table 2 - Content of functional groups of humic substances

Ne Carboxyl groups Total acidity, Phenolic group,
Denomination meq/g meq /g meq /g
1 Humic acids 1,18 1,60 0,42
2 | Nitrohumic acids 0,60 1,64 1,04
3 Aminohumate 0,12 0,73 0,61

The data in table 2 show a 50 % decrease in carboxyl groups from the original form of humic acid in
the derivatives of humic acids. The nitro and amino groups increase the reactivity of other substituents on
the aromatic ring. It should be noted that in aromatic acids nitration often occurs the substitution of the
carboxyl group for nitro and amino groups.

Table 3 - Physical and chemical characteristics of the obtained humic substances

Ne
Vs
Denomination W% A% V4, % SBzE b Poulks by water, pH A, Amb,
m/g g /cm 3 mg/g mg/g
cm’/g

1 Humic acids 1332 | 2573 | 6225 0.42 0.95 - 4,09 | 280 -

o | Nitohumicacids | 555 | 5787 | 6703 | 5637 | 0882 | 043 | 660 - -
3 | Aminohumate 341 | 7413 | 5677 | 3.940 | 0857 017 | 1007 | 455 | 1125

Figure 1 shows the IR spectrum of humic acid, peaks were found in the region of 2918 cm™, which
can be associated with CH stretching vibration of alkyl chains, which can also be a broad signal N - H/O - H.
Peak at about 1701 cm™ typical for the stretching vibration of C = O carbonyl groups of ketones (including
quinones), carboxylic acids and / or amides. The band of deformed stretching vibrations in the region of
1650-1520 cm™ also indicates the presence of a strong N-H group. The peak in the 1100-1000 cm™ range
is responsible for the strong elongation of the C-O group.
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Figure 1 - IR spectrum of humic acid
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Figure 2 - IR spectrum of nitrohumic acids

In Figure 2, the absorption bands in the range of wavenumbers 3700-3300 cm™ refer to weak
stretching vibrations of O — H bonds, probably due to the presence of moisture in this compound. In the
region of 2923 cm™ to be associated with C-H stretching vibration of alkyl chains. A peak at about
1700 cm™, typical of the C = O stretching vibration of carbonyl groups of ketones (including quinones),
carboxylic acids and / or amides, confirms that these units are present in humic acid. The peak in the
1100-1000 cm™ range is responsible for the strong elongation of the C-O group. The wide range of peak
variation from 800-650 cm™ can be explained by the tensile C-H vibration. Peak 920-830 cm™ for
nitroparaffin compounds, 1560-1500 cm™ for aryl groups.
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Figure 3 - IR spectrum of amino humate

Figure 3 shows a peak at 2993 cm™, which is responsible for the presence of aromatic stress assigned
to C-H. There is also a slight shift of the band at 1576 cm ™', which also indicates the presence of a strong
N — H group. The peak at 1560 cm™ is characterized by asymmetric and 1363 ¢cm™ symmetric tensile
vibration of aromatic tertiary amines. The peak in the 1100-1000 cm™ range is responsible for the strong
elongation of the C-O group.

The particle size of the amino humate was determined using the Mastersizer 3000. The frequency
results are shown in Figure 4. The particle size of the amino humate was 10% - 0.687 um, 50% - 7.21 pm,
90% - 296 pm.
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Figure 4 - Particle size of amino humate

The obtained HS were tested for water purification from heavy metals. Analysis of the data obtained
showed that after water purification, the values of all heavy metals decrease (table 4).

Table 4 - Testing of humic substances for water purification from heavy metals

Aminohumate
Humic acids Nitrhumic acids
megjsa Vr}rll /1 C(I)l(ll\/if)’ Purificat
- me & Cresidual (Me)7 Purification Cresidual (Me), ion Cresidual (Me), Purificatio
mg/l degree,% mg/1 degree, mg/1 n degree,%
%

Zinc 0.10£0.01 | 0.0010+0.0004 99.00 0.052+ 0.009 48,00 Item not found 100,00

Cadmium 0.10+£0.01 | 0.003340.0003 96.70 0.10+0.03 - 0.020+0.005 80,00

Lead 0.10+0.01 | 0.0216+0.0005 78.40 0.015+0.004 85,00 0.036+0.009 64,00

Copper 0.10+0.01 | 0.0171+0.0003 82.90 Item not found 100,00 0.1+0.01 -

As a result of sorption, the obtained humic substances removed most of the heavy metals from the
solution and showed a high degree of purification. Humic acids and aminohumate showed the highest
degrees of purification for zinc (99.0-100.0%) and cadmium (80.0-96.7%), and nitrogumic acid showed a
high adsorption capacity for heavy metals like copper - 100.0 % and lead 82.9%. This is due to the fact
that when interacting with heavy metals, humic acids and their derivatives (amino and nitro) form chelate
complexes due to carboxyl, phenolic, nitro and amino groups.

Thus, nitro- and amino-humic substances were obtained from the oxidized coal of the Maikuben
deposit by nitration and amination. Their physicochemical and adsorption properties have been studied.
As a result of the study, the possibility of using them as non-toxic available sorbents for the purification of
heavy metals in aqueous media has been shown.

Acknowledgement. This work was carried out as part of the scientific and technical program No.
IRN BR05236359 “Scientific and technological support for coal processing and production of high-value
coal products” and project No. IRN AP05130707 on the theme “Development of technology and creation
of production of carbon nanocomposite materials based on domestic mineral raw materials for gas phase
urification and wastewater”, funded by the Science Committee of the Ministry of Education and Science
of the Republic of Kazakhstan.
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TOTBIKKAH KOMIPJAEH I'YMUH/I 3AT TYBIHABICBIH AJTY
KOHE OU3UKA-XUMUAJIBIK, ATICOPBHUAJBIK KACUETTEPIH 3EPTTEY

Annorauus. Xymeicta Maiikebe Oacceiini (Ka3zakcTaH) TOTBIKKAH KOMip HETI3iHJIE alblHFaH TYMUHJI 3aTTapra
XUMHSIIBIK TaJfay Kyprizingi. [yMuH KeIIIKpUIIAphl Kanuit rymarsiHad 20% KeIIKeUl epitingicimen pH = 3-4,5 neiiin
KbIIIKBULAAHABIPY apKbUIbl anbIHABL. TOTBIKKAH KOMIpIEH HHUTPOTYMHH KBIIIKBUIJAPBIH alyJbIH OHTAMIBI IIAPTTaphl:
YIepICTiH Y3aKTBIFBI — 3 carar, KaTbIHACHI K:C=1:5, a30T KBIIIKBUIBIHBIH KOHIEHTpanuschl 64%, KYKipT KbIIIKBUTBL 96%
KOHE HHUTpATKa apHallFaH KocmaHblH Kypambl 1:1 (r/r). HuTpaT KocnachlH KOJNJaHy apKbUIbl KOMipJi HUTparTay ojici
THiMIl Oonbin caHanmanel. KyKIpT KBIIKBUIBI KATAJIHTHKAIBIK OCEpre HMe JXKOHE a30T KBIIIKBUIBIHBIH TOTBIFY JCepiH
azaditansl. KeMip[iH HUTpIIEHY1 apOMaTHKAIIBIK KOMIPCYTEKTEp CHAKTBI KOMIpiH MaKpOMOJIEKYJIa-ChIHBIH apOMaTUKAIIBIK
SOPOCHl OOMBIHINA 3JEKTPOQUIBAI aIMAaCTBIPy MEXaHH3MiHe CoHKec Kypell ’KoHe HHTPOTYMHH KBIIIKBUIIAPHI Haina
6onaznel. Hutpat Kocnacsl KapKbIHABI apallacThIpy XKOHE CAIKBIHAATY Ke3iHJe bUIFallaHFaH keMipre Koceliasl. ITpouece
TOTBIFY peaKIusuIapeiH Oacy yimris 40-50 °C acmaiiThiH TeMmiepaTypaxa sKYPri3iimi, TOKIpHOCHIH Y3aKTBIFBI 3 CAFATTHI
Kypansl. TyHOa ¢unbrparran Oeninin, OipHelie peT CyMEH >KybULABI JkoHe KenTipiani. Hurpokemip mbirbiMbl 85%
Kypajbl. HUITpOryMUH KBIIKBIIBIH HUTPOKOMipAeH cinTinik enaey apkplibl (3% KOH, MUKpOTONKbBIHABI HemTe 6-7 MUH
6oitbl oHzOey, KyaTsl 1000 BT) sxoHe omaH KeliiH 5% KBIIKBIT epiTiHAICIMEH TYHIBIPY aPKBUIBI Al

AMMPHOTYMUH TYBIHABUIAPHI MEXaHOAKTHBAIKS JKOHE YJIbTPAIbIOBICTBIK TYPFbIAA OHACH OTHIPBIN, aMMHUAKTBIH 3%
CyJIbl pITIHIICIHIH KaThICybl HETi3iHJIE albIHIbl. AMMHUHOTYMHH/II 3aTTap/bl ajly YIIIH TOTBIKKaH KeMip 2,95-452 mkm
Jeiin ycakranasl. OmaH opi poTopibl-yiabcanusiiblk annaparra (PIIA) xemip OemmiexTepi aya OTTeri KaTbIChIHZA
KapKbIH/bl TOTBIFYFa JKOHE TUCHeprupieyre yiubipansl, kocna 50°C aeiiH KpI3AbIpbULIbl koHe 20 MHUHYT imriHzme
aMMUAKTbIH 3% Cynbl €piTiHAICIHIH KaTbICYbl apKblLIbl YJIbTPaJAUCIEPCTI KYHIe >oHE IOMOIEHJENreH Maccara AeiiH
xerkizingi. PITA-gaH keifiH maiiblH Macca epiTiHAiHI | caFaT ycray YIIIH 3KCTPaKIus bIABICBIHA Oepinmi. ¥crairaH
epITIHAl yJIbTPaJbIObICTHIK AUCIEPralUsFa apHalfaH CUHTe3 MOAyJliHe xibepinai, oHzxa on Oenrimi Oip >KUITIKTe
YIBTPaAbIOBICTBIK AUCTIEPTHPIICYTe YIIBIPAAbl. YIBTPAIbIObICTHIK OHAEY YakbITHI 25 MHHYTTH KepceTTi. ['ymuHmi
3aTTapiasl KOJNJAaHAa OTBIPHIN, ayblp METajJaH Ta3apTy OOWBIHINA 3epTTEyJiep JKYPri3y YIIIH MEMIIEKETTIK CTaHIapTTHI
yarinepaen (I'CO) aybip MeTamap/IplH MOAECIBIIK epITIHAICI (MBIC, MBIDBII, KOPFAChIH, KaAMU) naibiHaanapl. KoHyCThIK
konbana (250 mm) copbenr (0,5 r) moxensaik epitinaimen (50 mu, pH=3.26) apanacTelpbuiIbl JKoHE Hielikepnae Oenme
temneparypacsirga (25°C), apanacTsipy sKeugaMabiEsl 200 aife/MuH, 3 caraT GOibI apanacTIpbUIABL IIporecti xypriz-
TeHHEH KeiliH epiTiHAieH ayblp MeTalgapMeH T'YMHUHJI 3aTTap CY3y apKblUIbl allblHIbL. AJNCOPOEHTTEH CY3LIreH epiTiHAi
Ta-lab BompTaMIIepoMeTpIIiK aHAIN3ATOPBIHIAFBI ayBIp METAJIIAPAbIH KYpaMbIHIa TaJlaH bl

CopOryss HOTHXKECIHJE alblHFaH TYMHUH[II 3aTTap €piTiHIiAeH ayblp MeTaljapAblH KeIl OeJIiriH aiblll TacTall,
Ta3apTyAbIH JKOFaphl IOPEKECiH KopceTTi. ' yMHH KBIIKbUIAPB MEH amMuHOrymaT MeIpbimTad (99,0-100,0 % ) skoHe
kagmuiizeH (80,0-96,7%) TazapTynblH €H JKOFapbl AOPEKECIH KOPCETTi, all HAITPOIYMHUH KbIIKbUIBI MbIC — 100,0% xoHe
KOpracblH 82,9% CHSKTBI ayblp MeTalJapra >KOFapbhl aICOpOLMSUIBIK KaOuUleTiH KepceTTi. Ayblp MeTaljapMeH
OPEeKEeTTECKEH Ke3/le T'YMHUH KbIIIKBULAAPHI XKOHE OJIApAbIH TYBIHABI (hopManapsl (aMUH XoHE HUTPO) KapOokcui, (eHo,
HUTPO KOHE aMHH TONTAPBIHBIH OCEPIHEH XENaT KEIICHIH KYpPaThIHIBIFBI TYCIHIIpiaeni. 3epTTey HOTHKECIHIEC OJIap/Ibl
CyJIbl OPTaHbIH aybIp METANJAapbIH Ta3apTy KE3iHJE YBITTHI eMeC KOJDKETIMAI COpOeHTTEp peTiHle maiijanany MYMKIiHJIIT
KOpCETIJITeH.

Tyiiin ce3aep: TOTHIKKAaH KOMip, T'YMHUH KBIIIKbIIBL, HUTPOTYMHH KBIIIKBIIBI, aMUHOTYMaT, aJCOpPOEHT, aybIp
MeTaaap.
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INOJIYYEHUE ITPOU3BOJAHBIX 'YMHAHOBBIX BEINECTB U3 OKUCJIEHHOT O YI'JIA
U N3YYEHUE OU3NKO-XUMHUYECKUX U AJCOPBIIMOHHBIX CBOUCTB

AHHoTanus. B pabore mnpencTaBieHbl pe3ysbTaThl XMMHUYECKOTO aHajiu3a TYMHHOBBIX BEIIECTB Ha OCHOBE
OKHCIIeHHOTo yriisi MaiikyOeHnckoro Oacceiina (Kasaxcran). ['yMHHOBBIE KHCIIOTHI OBUTH MOJYYECHBI HA OCHOBE I'yMaTOB
Kanus myteM noaxucieHus 20%-HbpIM pacTBOpoM KUcIoThl 10 pH = 3-4,5. OnrtuManbHBIMM YCIOBUAMH ISl IOTY4EHUS
HUTPOTYMUHOBBIX KHCIIOT W3 OKHCIEHHBIX YTIJIEH SBISIFOTCS: TMPOMOJDKUTENHHOCTh Tpolecca 3 dyaca, COOTHOIICHHE
T:2K=1:5, KoHUEHTpalust a30THOH KUCIOTHI 64%, cepHOil KUCIOTHl 96% U coctaB HuTpyromei cmecu 1:1 (r/r). Meron
HUTPOBAHUS YISl C UCIOJIB30BaHHEM HUTpPYIOIEH cMecH siBiseTcst Hanbomnee 3gdektnBHoN. CepHas KUCIOTa OKa3bIBaeT
KaTaJUTUYECKOE BIIMSHUE M YMEHBIIAEeT OKHUCIINTENbHOE JIeHCTBUE a30THOM kucioTsl. HurpoBanue yrieil mpoucxomaut
MOJIO0OHO apOMAaTHYECKUM YIJIEBOJOPOJAM IO MEXaHH3MY SJIEKTPO(UILHOIO 3aMEIICHUS MO apOMaTHYECKOMY SIIpy
MaKpOMOJIEKYJI yIJIsi M IPHUBOAUT K OOpPa30BaHMIO HUTPOTYMHHOBBIX KHCIOT. HHTpyMOIIyr0 cMech NpUOABISIN K
YBIIQXXHEHHOMY YTJIF0 HEOOJBIIUMHE MOPIUSMH NTPH MHTCHCHBHOM MEPEMEIIMBAHUN U OXJIaXKIeHHUH. [Ipoliecc mpoBoauIcs
npu temmneparype He Bbime 40-50 C 1nms MOJABIEHHS OKHUCIHTENBHBIX peakuuii, IpOAOKUTENBHOCTD OIBITa COCTABUII
3 gaca. Ocagok OTAEISUTH OT (UIBTPATa, MPOMBIBAIA MHOTOKPATHO BOJOW M CyNIHIH. Bbixom HUTpOyriis coctaBui 85%.
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HUTpOryMHHOBYIO KHCIOTY MOIYy4ald U3 HUTPOYIIIsA MienouHoi oOpaborkoi (3 % KOH, o6paboTka B MUKPOBOIHOBOM
neuu Tedenue 6-7 muH, MourHocTh 1000 Br) u nocnenyrommm ocaxxaennem 5 % pacTBOPOM KHCIIOTHI.

AMMUHOTYMUHOBBIE TNPOM3BOAHBIC OBbIIM IOIy4eHbI B NPHUCYTCTBUH 3 % BOAHOIO pacTBOpa aMMHaKa cC
NPUMEHEHHEM MEXaHOAKTHBAallMd M YJIbTPa3ByKOBOH 00paboTku. [l TONydYeHHs aMMHHOTYMHHOBBIX BEIIECTB
OKHUCJICHHBIN yroJib ObUT U3MeNb4eH 10 2,95-452 mkM. Jlanee B poropHo-mynbcanuonHoM anmnapare (PITA) noasepraincs
WHTCHCUBHOMY OKHCJICHMIO M JUCHEPTrUPOBAHHIO YACTHI] YIS KUCIOPOAOM BO3AyXa, cMech Harpe-aics a0 50°C u
JIOBOJWIICSL [0 YJIBTPAJUCIIEPCHOTO COCTOSIHMS M TOMOI€HU3MPOBAHHOW MacChl B IIPUCYTCTBMU 3 % BOJHOTO pacTBOpa
ammuaka B reuyeHue 20 munyT. ITocne PITA roroBast macca nmogaBaics B €MKOCTH 9KCTPAKIMM IS BBIIEPIKKH pacTBOpa
B TedyeHHe | uaca. BelaepskaHHBIN pacTBOp MOJAaBajCs B MOJYJIb CHUHTE3a IS yJIbTPa3By-KOBOM AMclepranuu, Iiae
MO/IBEPTajiCsl BO3ACHCTBUIO YJIBTPa3ByKOBOMY JAMCIIEPTUPOBAHUIO, OIpe/elIeHHOl JacToToil. Bpems ynibrpa3BykoBoit
00paboTku cocTaBmwil 25 MHUHYT. [l NpOBENEHUS UCCIEIOBAHUI IO OUMCTKE OT TSDKENBIX METaJUIOB C MPUMEHEHUEM
TYMUHOBBIX BEIIECTB, TOTOBHWJCS MOJEIbHBII pPAaCTBOP TSDKEJIBIX METAUIOB (MeIb, LMHK, CBHHEL, KaaMHH) U3
roCyJJapCTBeHHBIX cTannapThix 0opasuos (I'CO). B konnueckoi konbde (250 mut) pazmemuBaiu HaBecky copbenta (0,5 rp)
¢ MozenbHBIM pacTtBopoM (50 mi, pH=3.26) n mepemenmBanu B mieiikepe Mpu KOMHATHOW TeMIepaType (250C), npu
ckopocTtu nepeMemuBanus 200 06/MuH B TeueHue 3 uyacoB. Ilocne mpoBeneHus mpolecca, U3 pacTBOpa 'YMHUHOBBIE
BEIleCTBA C TSDKENBIMH METaJUlaMH H3BJIeKanu myTeM ¢uiabrpaiud. OTOUIBTPOBaHHBIA OT ancopOeHTa pacTBOp
AHAJIM3UPOBAIN Ha COEP)KaHHE TSDKENBIX METAIIOB Ha BOJIBTaMIIEPO-MEeTpUIecKoM aHaimu3zaTope Ta-lab.

B pesynbraTe copOumy, NojgydeHHbIE T'yMHUHOBBIE BEIIECTBA BBIBEIM M3 pacTBOpa OOJBIIYI0O YaCTh TKEIBIX
METAJUIOB M MOKa3aJId BHICOKYIO CTEHEHb OYMCTKH. | YMHHOBBIE KHCIOTHI M aMUHOTYMAaT IOKa3ajld HanOojee BBICOKHE
creneHy o4ucTku nmo nuHKy (99,0-100,0 % ) u xaamus (80,0-96,7 %), a HUTPOryMHUHOBasi KHUCJIOTA MOKa3ajia BHICOKYIO
a7ICOpOLIMOHHYI0 CIIOCOOHOCTD K TshKeNbIM MeTaiiaMm kak Menb — 100,0 % u cBuner 82,9 %. OTo o0bSCHSAETCS TEM, YTO
IIPU B3aMMOJICHCTBUU C TSDKEJNBIMH METaJUIAMH T'YMHHOBBIE KHCIIOTBI M MX HPOM3BOJHBIE (OPMBI (aMHHO- U HHUTpPO-)
00pa3yloT XeNaTHblE KOMIUIEKCHI 33 CYeT KapOOKCWIBHBIX, (EHONBHBIX, HHTPO- M aMHHO- Ipynm. B pesynbrare
UCCIIEIOBAHUS TI0Ka3aHa BO3MOXKHOCTbh MCIOJIb30BaTh MX B KAaU€CTBE HETOKCHUYHBIX JIOCTYITHBIX COPOEGHTOB IpPU OYMCTKU
TSKEJUIBIX METAJUIOB BOJHBIX CpEl.

KuaroueBble cj10Ba: OKUCIEHHBII Yroyib, TYMHHOBAsI KHCJIOTa, HUTPOTYMHUHOBAsI KUCIIOTa, aMUHOTYMAT, aJCOpOCHT,
TSKEJIble METaJlIbI.
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DETOXICATION OF BY-PRODUCTS OF OIL AND GAS INDUSTRY
ACCOMPANIIED BY OBTAINING IRON AND SULFUR-CONTAINING
BINDERS FOR STRUCTURAL BUILDING MATERIALS

Abstract. In this paper, the authors considered the issues related to reducing negative impact of large-tonnage
toxic industrial wastes on environment by means of their detoxication and application as effective binders for
building materials. For implementation of scientific researches, the standard methods of analysis of physical and
mechanical properties have been used for the stone based on iron and sulfur containing binders; the contemporary
methods of differential and thermal, X-ray diffraction analysis, microscopic analysis and testing apparatuses have
been used. While carrying out experimental research, the authors have realized a scientific hypothesis stating that for
increasing the effect of additional activation for eact particles of iron- and sulfur containing additives, their co-
milling has been applied. As the result, there took place mutual neutralization and detoxication of solid industrial by-
products with opposite chemical properties. In the course of experimental work aimed at preliminary determination
of composition and activation of sulfur-contating additives, wet grinding was done on the pebble mill by applying
abrasive and impact forces. In the course of combined action of mechano-chemical activation of industrial by-
products, in the presence of water, accompanied by sulfur-containing raw mixtures for manufacturing of building
materials, there was used the method of mutual neutralizion of chemically hazardous substances forming a part of
industrial wastes. These methods enable to reduce the consumption of a binder due to its partial replacement by toxic
by-products of oil and gas industry and metallurgy. The characteristics and properties of the specimens of iron and
sulfur-containing binder have been studied at the age of 7, 14 and 28 days of air hardening. The specimens were
exposed to thermal and steam curing. It was stated that air hardened iron and sulfur-containing binders at the age of
14 days have reached the ultimate compressive strength of 62.0 MPa, at the age of 28 days — 66.5 MPa,
correspondingly. The same composition exposed to steam curing at the age of 28 days has compression strength of
74.5 MPa that attests to the fact that steam curing has a positive impact on gain in strength of iron and sulfur-
containing binder. The obtained research results could be apllied as an effective substance for manufacturing mortars
and concrets in construction industry.

Key words: Activation, mechanical and chemical treatment, detoxication of industrial wastes, neutralization of
hazardous substances, thermodynamic calculations, iron and sulfur containing binders, ferric iron, oxidation,
deoxidization, compression strength, pyrite cinder, sulfur.

Introduction. In the southern regions of the Russian Federation as well as in the western regions of
Kazakhstan, there accumulated vast raw materials in the form of large-tonnage by-products of oil and gas
industry. Thus, their utilization in the composition of building materials is of paramount importance for
national economies of these countries. It is well known from the literature sources that addition of
technical sulfur in the powder form has an impact of physical and mechanical properties of concrete
[1-20]. Along with that, the mechanism of the influence of sulfur containing additive on the structure and
properties of cement composites has not identified, the optimum compositions and the methods of
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manufacturing sulfur containing concretes have not been determined. This proves the relevance of
researching the necessity of obtaining effective building materials on the base of sulfur by-products of oil
and gas industry, and the development of technologies for their production.

For the solution of this issue, the authors have conducted the research of the influence of the additives
on the base of sulfur wastes of oil and gas industry on the structure formation and physical-chemical
properties of composite iron- and sulfur containing binders. The processes of mechanochemical activation
of binders, as shown in the studies [11-20], lead to enhancement of physical amd mechanical properties of
the obtained building materials. In the course of mechanochemical activation of iron- and sulfur
containing by-products, at the presence of water, with obtaining raw mixtures for manufacturing building
materials, the principle of mutual neturalization of chemically hazardous substances that are present in
industrial by-products has been applied. In the works [1-20], the possibility of obtaining effective
concretes with enhanced physical and mechanical properties has been shown for various methods of
additional activation of a binder. These methods enable to reduce concrete consumption due to its partial
replacement by the wastes of oil and gas industry as well as metallurgy by-products.

Materials: the following raw materials and binders have been tested for the research purposes:

1. For the research purpose, Portalnd cement of the grade 400 produced by Novotrotsk cement plant
has been used. Its chemical composition is presented in the table 1 below.

Table 1 - Chemical composition of cement produced by Novotroitsk cement plant

Content, %
Basic oxides Basic minerals
CaO Si0, Al1,05 Fe,0, R,0 SO; CsS C,S C3A C4AF
61.39 23.39 6.39 6.07 0.38 0.60 57.61 17.39 7.91 13.11

2. As an additive, pyrite cinder manufactured by Plc Phosphorchim of Aktobe region has been used.
The addtivie consists of the iron oxide mixture (I, IIT) Fe;04 (Fe,03), recalculating for the content of iron
42-63% and sulfur admixtures 1-2%. The reminder are oxides of non-ferrous metals. The chemical
composition of pyrite cinder, % wt. is given in the table 2.

Table 2 — Chemical composition of pyrite cinder, % wt.

CaO 8102 F6203 A1203 MgO 503 R20 IL.IL.IT
10.6 19.6 66.2 2.2 1.2 - - 0.2

3. As a modifier, sulfur by-products, being secondary products of processing high-sufur oil of Aktobe
region deposits, Kazakhstan, have been used. Technical sulfur represents a granulated product complying
with the requirements of the All-Union Standard GOST 127.1-03. The chemical composition of technical
sulfur applied in the experiment is enclosed in the table 3.

Table 3 — Chemical composition of sulfur

Gost Sulfur % wt. Cinder, % wt. Organic substances, % wt. Water, % wt.

127.1-93 99.060 0.400%; 0.053%; 0.010%.

For binder’s preparation, tap potable water corresponding to the GOST 23732 requirements “Water
for concrete and mortars. Specifications” has been used.

Methods. Characteristics of original and activated binder have been determined in compliance with
the GOST 30515-97, GOST 31108-2003 and GOST 7473-2010.

Determining ultimate tensile and bending strength of iron- and sulfur containing binders have been
carried out on the test-beams with the dimensions 40x40x160mm on the apparatus IP 2710.

Differential thermal analysis of iron- and sulfur containing powders have been done by the photo
derivatograph under the standard method. By means of X-ray diffraction analysis, there has been
determined the phase composition of activated iron- and sulfur-contatining binder.
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Thermodynamic evaluation of chemical reactions probability has been done for the given components
of industrial by-products in raw sludges by means of the standard thermodynamic values and
electrochemical potentials.

In order to get effective iron- and sulfur containing binders, there has been applied the principle of
mutual neutralization and detoxication of hazardous industrial wastes by means of their mechanochemical
treatment at low temperature.

While carrying out experiments, the amount of sulfur wastes and pyrite cinders have been taken by
weight in proportion to stoichiometric reactions constants; correspondingly, the raw materials mixture has
been moistured to reach the consistency of “wet sand”.

Having worked out the plan of the research, there has been realized the scientific hypothesis that in
order to exercize additional activation of each particle of additives, their co-milling had been used. In the
result, there took place mutual detoxication of solid wastes with specific contrasting chemical properties.
Having impelemented experiments aimed at preliminary analysis of composition and activation of sulfur
containing additives, wet grinding was done by pebble mills creating abrasive and impact action. As said
above, the addition of technical sulfur and its derivatives to concrete mixture enhances the characteristics
of concrete stone.

In the paper, the authors also researched the influence of sulfur addition on the strength properties of
sulfur contatining binders. The following proportions of the mortar mixture components have been taken:
(cement: pyrite cinder: technical sulfur, % wt.): 74:18:8, 70:18:12, 67:20:13. Water-solid ratio of sulfur
containing binders has been taken provided casting into molds of mortar mixtures with the cone flow
diameter ensuring the optimum formation of porous structure and the maximum mortar strength. In order
to carry out research for determining the impact of technical sulfur addition on the strength properties of
sulfur containing cement stone, the specimens with dimensions 100x100x100 mm have been prepared,
with water-solid ratio equal to 0.385, when cone flow of 200 mm on the flow table was provided. For
comparison, there have been prepared the specimens of cement mortars with equal fluidity and water-solid
ratio of 0.385, no-additive composition. Technical sulfur was introduced in the composition in the amount
of 8-13% combined with pyrite cinder (18% pyrite cinder + 8% tehcnical sulfur), (18% pyrite cinder +
12% technical sulfur), (20% pyrite cinder + 13% technical sulfur) from the dry components weight.

Results. The obtained estimates related to the binding reactions of technical sulfur (IV) and iron (III)
by means of elecromotive forces (e.m.f.) of electrochemical couples are given in the table 4.

Table 4. - Evaluation of reaction capacity by means of electomotive forces of electrochemical couples

Systems and reactons e.m.f. of electrochemical couples
Fe (IIT) +S° —Fe(ID) +S (VI); E=0.771—(-0.13)=+0.784 (8)> 0

As seen from the table 4, the analysis of estimated values (e.m.f.) of electrochemical systems under
standard electrode potentials shows, that the reactions are possible as the value of e.m.f. >0 (positive),
whereas recovery of pyrite cinder by technical sulfur is more energy-efficient than the one by carbon.
Ferric iron can oxidize sulfur transforming into ferrous form. It is worth noting that sulfur containing
sludges have pH > 3 (alkaline reaction of aqueous migrate) [18], they have undergone the thermal
treatments similar to cement clinker and demonstrate binding properties. The standard values of enthalpy
AH® and enthropy AS° at the temperature of 298° K, taken form the literature sources [19-20], are
enclosed in the table 5.

Calculations of thermodynamic values change for chemical reactions have been done under the well-
known formula:

AH®298xp =AH°298(finite) - Y AH°298(transitional) (D
Table 5 — The values of standard enthalpy and enthropy for the reacting substances
Substance AH®298 kkal/mole AS°298 kkal/degrees-mole
SO, -71.0 59.2
Fe;04 -266.5 35.0
FeS -22.8 16.1
Fe,0; -145.2 21.5
FeS, -38.8 12.7
FeO -64.5 134
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At mechanical abrasion and mixing of sulfur and iron in the presence of water in base condition, there
have been estimated enthalpies for oxidation-reduction reactions (the calculations for values of the change
of standard thermodynamic potentials have been done at standard temperature T = 298°). The obtained
values of AH — enthalpies and thermal effect of oxidation-reduction reactions are presented in the table
6 (the alphabetical references of oxidation-reduction reactions are given in the alphabetical order).

Table 6 — Thermal effects of oxidation-reduction reactions

Alphabetical references of Systems and reactions Thermal effect of the reaction, AH® kkal
the reactions
A 3Fe;04 + S — FeS + 4Fe,0; 195.9
B FeS + S — FeS, -16.0
C 4Fe,03 + S° — SO, + 4FeO -38.6
D 2FeO + 3S° — 2FeS + SO, 12.4
E FeO + S — FeOS 20.8

Comparing the estimated values and their references, one can draw a conclusion that reactions A, D
and E are impossible from the point of thermodynamics, the values of enthalpy are higher than 0 C°, i.e.
positive (AH)> 0, whereas other reactions could be executed at ordinary temperature. The most probable
are reactions B and C as they are characterized by the highest value of AH. It should be noted that it worth
conducting the reaction in the presence of sufficient amount of water, thus, hydrogen ions in the reaction
C will bond and form neutral water molecules in alcaline medium, and sulfur dioxide - into the molecule
of salt

CaSO0s. For the experiment, the amount of by-products on the base of pyrite cinder and technical
sulfur have been taken in the weight ratio, proportional to stoichiometric constants of reactons, and raw
materials mixture was slightly humidified to reach the consistency of “wet sand”. The products of reaction
visually differed by colour from the primary raw mixture. In the process of mechanochemical treatment,
significant rise in temperature of reactive atmosphere was observed (about 40°C). Mostly likely, raw
mixture [1, 18-20] was heated at the account of chemical exothermal reactions and energy transfer from
mechanical to thermal one.

Apparently, at mechanochemical grinding the temperature factor plays a crucial role for the instant
heating of reacting chemicals at the moment of mechanical impact. Defects of extrinsic and non-
stoichiometric origin have a noticeable impact on crystal grid of iron oxide [18-20].

For example, the sintering rate usually increases with the growth of derivation from stoichiometry,
and activation energy of creeping of crystal gird of non-stoichiometric oxide is reduced by 20-25 kkal/mol
if compared with normal oxide.

It should be added that thermodynamically impossible reaction realized under the scheme C in the
presence of metallic iron (Fe®) becomes possible (AH< 0):

3Fe® +Fe;04 + 2S — 2FeS + 4FeO, AH = -37.1kkal 2)

The results given above have proven that sulfur is bonded with iron oxides when exposed to
mechanical impact at the temperatures close to the standard ones.

Having carried out the experimental work aimed at detoxication and activation of sulfur containing
wastes, the authors came to conclusion that ferric iron is able to oxidate sulfur while transforming into its
ferrous form, as the color of the treated mixture has changed from yellowish to grayly-green. Joint
grinding of sulfur containing components and cement has a positive impact on mechanical properties of
the researched specimens. Strength of sulfur containing specimens at the age of 28 days has reached
37.7MPa. Along with that, pyrite cinder apparently acted as an initiating agent of physical and chemical
coagulation process of binder’s mixture. During coagulation process, polarization of dispersed particles
and their mutual attraction takes place that facilitates the process of structure formation. Addition of iron
dust and iron nanoparticles with the purpose of sulfur binding could be considered a quite interesting
variant of mutual wastes utilization [20]. However, iron compounds are characterized by high density that
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results in gain in weight. The reactions D and E are of paramount importance. The fact of the matter is
they demonstrate the principle possibility, hish sustainability and cost effectiveness of rational utilization
of toxic sulfur containing sludge. When treated by pyrite cinder, hazardous sulfur oxide in the slugde
composition is transformed into low-toxic sulfur oxide, i.e. could be fully utilized in the composition of
chipcrete concrete. It is rational to utilize these raw mixtures by adding vegetation residues, such as stems
of cotton plant or other organic components used for manufacturing of lightweight chipcrete concretes. In
the course of the research, physical and mechanical properties of sulfur contatining specimens have been
also determined. The results of findings are given in the table 7.

Table 7 — Characterisitcs of sulfur contating binders with addition of sulfur

- o
Binder’s composition,% . ; Ultimate strength, MPa
N Sulfur Pyrite Water Dry density, kg/m
o h Cement . .
cepsl, % cinder Bnaxnocts compressive bending
1 8 18 64 9.89 1590 64.7 8.53
2 12 18 70 9.12 1570 66.5 9.14
3 13 20 67 9.27 1590 74.5 10.9

It was stated that insertion of technical sulfur additive in the amount of 8-13% increases ultimate
compressive strength of the specimens made from the mortars with water-solid ration equal to 0.385 in a
wet and dry state. The furthre increase in the amount of technical sulfur additive leads to lowering strength
properties of the mortar, along with that, regularity of strength change for all the specimens are similar.

Discussions. It is known [1-20] that increase in capacity of reaction of the binder’s components at wet
milling is achieved not only due enhancement of dispersive capacity in liquid phase but also by the change
of crystal structure, particles shape that preconditioned intensifying the coagulation process of sulfur
containing mixture. Along with that, chemical and mineralogical composition of an initial binder remain
stable. The activation mechanism involves interaction of newly exposed surfaces of binder’s particles at
wet milling, i.e. adding mechanical and chemical-energetic momentum to each particle. It could be
mentioned that activation mechanism includes increase in forces of interionic mutual attractions and
appearance of surface valence forces when nanoparticles of colloid system attract to each other. The
obtained research results provide basis for a conclusion that by activation and detoxication of industrial
by-products it is possible to obtain sulfur containing binders with advanced physical and technical
characteristics.

Conclusions. It was stated that technical sulfir, pyrite cinders, by-products of oil and gas industry and
metallurgy are effective additive in iron and sulfur containing compositions providing increase in strength
properties, lowering sorption humidity and water absorption of lightweight concretes.

The obtained results of thermodynamic analysis give evidence of the possible binding of sulfur and
iron oxides when exposed to mechanical impact at the temperatures proximal to standard ones. It was also
confirmed that the essence of activation mechanism of sulfur containing compositions is in interaction of
newly etched surfaces of binder particles at wet re-grinding. Along with that, the process of binding
mixture coagulation is intensified and rapid development of crystal grid occurs due to crystallohydrate
formation.

In the course of experiments it was also stated that additives on the base of technical sulfur, a by-
product of oil and gas industry, enhance physical and mechanical properties of iron- and sulfur containing
cement stone. Thus, introduction of iron- and sulfur containing addtivies in the amount of 8-13% ensures
the increase in strength up to 74.5 MPa, whereas binding components (cement 67%pyrite cinder
20%-+sulfur 13%) in the mixture composition by weight.

Thus, proposed binding compositions increase their strength by a factor of 1.5-2.5 over time when
compared with initial strength. This is explained by the optimum composition of iron- and sulfur
containing binding compounds and the conditions of their hardening. The developed iron- and sulfur
containing composites can be applied in the production of effective concretes, walling materials as well as
industrial and civil engineering structures.
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10.A. CokouoBa’', M.B. AKyJ'IOBaz, B.P. l/lcaKyJ1033,
A.T'. CoxoaoBa', B.B. Kyismapos®, A.B. Hcakyios*

'Mockey MeMIeKeTTIK Kypblbic yHHBepcHTeTi, Mockey, Peceit;
2/BaAHOBO MEMIIEKETTIK MOJIUTEXHUKAJIBIK YHUBEpCcHUTETi, iBaHOBO, Peceii;
3 «Boitimes yHHBepcHUTETI» Mekemeci, Akrebe, Kazakcran;

* K. )Ky6anoB atsiHaarsl AKTeOe oHipiiK yHHBepcHTeTi, AKTo0e, Kazakcran

MYHAM-T'A3 OHEPKOCIBI KAJJIBIFbIH JETOKAKAIIASJIAY APKBLIbBI
KOHCTPYKIUSLIBIK KYPBLIBIC MATEPUAJIJAPBIHA TEMIPJII-KYKIPTTI
BAUWJIAHBICTBIPFBIIITAP/BI AJTY

AnHoTanus. J)KyMbICEIMBI3/1a KOIT TOHHAIBI YBITTHI OHEPKACII KaJABIKTAPbIHBIH KOPIIaraH OpTara TepiC acepiH
JIETOKCHKAIAJIAY >KOJIBIMEH a3alTy 'KOHE OJIapAbl KYPBIIBIC MaTepHanJapblHa THIMII TYTKEIp OaiIacThIpFBIIN MaTe-
puanmap peTiHae maimaiaHy Mocelelepi KapacThIpbUIAbl. FRUTBIMEU 3epTTeyiep Kyprizy yuiH auddepanuusims-
TEPMUSIIBIK, PEHTIeH-(ha3alIblK, MUKPOCKOIMSIIBIK TalJay >KOHE ChIHAY >KaOIbIKTapBIHBIH 3aMaHAy! OMICTEpiH Maii-
JaJlaHy HETi31HIe ajbIHFaH TEeMipi-KYKipTTi OaiIaHBICTBIPFRINTAPAAH NaspilaHFaH YITi TAaCBIHBIH (DHU3HUKAJIBIK-
MEXaHHKaJbIK KACHETTEPIiH TallayAblH CTaHAAPTTHI SicTepi naiiianaHbUIAbL.

DKCIEPUMEHTTIK 3ePTTEYJIep XKYPrizy Ke3iHIe TeMIpii-KyKIipTTi KOCHaJap[blH opOip OesieriHiy KOChIMIIA
OCIICCHIUTITIHIH 9CEePiH apTTHIPY YIIiH oJjiap Oipre yCakTasbIll KOJIIAHBUIIABI )KOHE COHBIH HOTHIKECIHIE XUMHUSIIBIK
KacuerTepi OoWbIHIIA Kapama-Kapchl CHNaTramajapbl 0ap KaTThl YBITTHI KJIIBIKTapIbl e3apa OeirapantaHubipy
JKOHE JIETOKCHKauusuiay >Kypriziani. KypambiHna Kykipr 0ap KocmanapibslH KYpaMblH ajJIbIH ajla aHBIKTay JKOHE
OerncenneHipy OONBIHINIA THKIPUOETIK-IKCIIEPUMEHTAIABIK JKYMBICTAp/Ibl JKYPri3y YHTaKray Iap AWipMeHI KOH-
CTPYKIISUTIAPBIHA YCAKTay JKOHE COKKBI Oepy omicTepi apKasbl iCKe achIpbUIagbl. OHEPKACINTIK KaJABIKTapAbIH
MEXaHUKAIBIK-XUMIBUTBIK, OCJICEHIUIITIH OipiKTipy KYMBICH YIepiciHIe KYPBUIBIC MaTepHajlapblH OHIIpy YIIiH
KypaMBIHIa KYKIpT 06ap OIMKi3aT KOCHalaphl apKBUIBI Cy KOCHIM, ©HEPKACINTIK KAIIBIK KYPaMBIHIAFBl XUMHUSITBIK
3USIHIBI 3aTTapAbl ©3apa OedTapantaHablpy Sfici mainamaHeUIAbL. By omicTep TYTKBIp 3aTTHIH Oip OeiriH MyHai-
ra3 )KoHE MeNaJUTyprus eHepKICiOiHIH YBITTHI KaJABIKTApEIMEH aybICTHIPY €CeOiHEH MIBIFBIHBIH a3aiiTyFa MyMKIH/IIK
6epeni. KypaMmbiHaa TeMip-KyKipT 6ap TYTKBIp YATiUIepiHiH CHIIaTTaMmaiapsl MeH KacueTrtepin 7, 14 xone 28 Toy-
JIKTIK Me3rijie TaOuFH sKaraaiijia, *buly KoHE KbUTY bUIFAJIBUIBIFBIH OHJICYICH KeHiH 3epTTei.

Taburu xarmaiiga 14 Toynik Mep3iMiHe Kapall KypamblHAa KaTThl TeMIp-KYKIpT Oap TyTkbeipiap 62,0 Mlla
KBICBUIFaH Ke3/1e OepiKTIK IeriHe »keTTi, 28 Toynik mesrininne 66,5 MIla 6epik Oosa TyceTiHiH aHBIKTaAbIK. JKbLTy
BIIFAJIABUTBIFBIH OHJICY/ICH 6TKEH OChI KypaM 28 Toyinik yakbIThiHIa 74,5 MIla ceiryna Oepik 6osaabl api Oy KLy
BUIFAJIABUIBIFBIH OHJIEY KYPaMbIH/IA TEMIp-KYKIpPT 0ap TYTKbIp OEpiKTITiHIH >KUBIHTBIFbIHA KOJAWIbI ocep eTeTiHiH
KepceTeai. AJBIHFaH 3€pTTeY HOTWKEIEPIH KYPBUIBIC callachblHA EpITIHIUIEp MEeH OeTOHAApIbl NalblHAAy Ke3iHne
TUIMAI TYTKEIp 3aT peTiHe maiinaranyra 0omaabl.

Tyiiin ce3aep: akTHUBTEHIIPY, MEXaHOXUMHSIBIK OHJEY, OHEPKOCINTIK KaIIBIKTapAbl IETOKCHKALUsIIAY,
3UAHIBI 3aTTapAbl OeHTapanTaHABIPy, TEPMOAMHAMUKAIBIK €CenTeyiep, KYpaMbIHIa TeMipli-KYKipTTi OaiimaHbIC-
TBIPFBIINTAp, YIIBAJICHTTI TEMIp, TOTBIFY, KAJIBIHA KENTIPY, CBIFY Ke3iHAeTi OepiKTiri, MUPUTTIK KbIIIKBII, KYKIpT.

10.A. Coko.oBa', M.B. AKyJIOBaz, B.P. I/IcaKyJIOB3,
A.I'. Cokosioa', B.b. Kyasmapos®, A.B. Hcaky.ios*

'MocKoBCKHit rOCY 1apCTBEHHBIH CTPOMTENBHBII yHIBepcuTeT, Mocksa, Poccus;
*BaHOBCKHIi TOCYIapCTBEHHBII ONNTEXHUUECKHUil yHIBepcuTeT, BanoBo, Poccns;
*Banes yuuBepcutet, AkTobe, Kasaxcram;

4 o o
AKTIOOMHCKHI pernoHansHBIN yHUBepcuTeT UM. K. JKybanosa, Axtobe, Kazaxcran

JETOKCHUKAIIASA OTXOJIOB HE®TET'A30BOM MPOMBINIJIEHHOCTH
C NIOJYYEHHMEM KEJIE30-CEPOCOJEPKAIINX BAXKYILIUX
JJIA KOHCTPYKIIMOHHBIX CTPOUTEJIBHBIX MATEPHUAJIOB

AnHoTtanusi. B paboTte paccMaTUpUBalOTCS BONPOCH 110 YMEHBIIEHHUIO OTPULATENHFHOTO BIUSHHUS MHOTOTOH-
Ha)KHBIX TOKCHUYHBIX MPOMBIIIUIEHHBIX OTXO/0B Ha OKPY’KAIOIIYI0 CPEIy MyTeM NETOKCHUKAIMM U HCIIOIb30BaHUE UX
B KadecTBe 3()(EKTHBHOTO BSDKYIIETO VISl CTPOUTENBHBIX MaTepHaioB. [y mpoBedeHus] HayYHBIX HCCIIEIOBAaHUN
UCIIOJIb30BAINCH CTaHAAPTHBIE METOJIbI aHANN3a (PU3UKO-MEXaHMUECKHX CBOMCTB KaMHS XKeJIe30-CepOCoIepiKaIlIero
BSDKYILIETO, TOJYYEHHBIX C MCIIOJIb30BAHHEM COBPEMEHHBIX METOIO0B AH((PepannaibHO-TEPMUUECKOTr0, PEHTTEHO-
(ha30BOr0, MUKPOCKONIMYECKOTO aHAIN3a U HCIIBITATEIFHOTO 000pynoBaHus. [Ipy mpoBeaeHNN SKCTIepUMEHTATBHBIX

— 70 ——
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uccIeOBaHUN Obllla peann3oBaHa Hay4yHas TMIOTE3a, Y9TO AU MOBBIMECHUS 3((eKTa JONOTHUTEIBHON aKTHBALMN
KaXJIOH YacTHIIBI JKEJIe30-CepOCOAEPKaIINX A0OABOK NMPHUMEHSAIOCh MX COBMECTHOE M3MEIbUCHHE, B pE3yibTaTe
Yero NMpOMCXOAWIA B3aWMHAs HEHTpanM3amysi U JAETOKCHKALUS TBEPABIX TOKCHYHBIX OTXOIOB, MMEIOIINX OCOOBIE
MPOTUBOIOJI0XKHBIE XapPaKTEPUCTUKH T10 XUMHUYECKUM CBOMCTBaM. IIpu NMpOBENCHNHU ONBITHO-IKCIIEPUMEHTAIBHBIX
paboT Mo MpeABapUTEILHOMY ONPEIEICHUIO COCTaBa M AKTHBAILMHM CEPOCOAEPKAIINX J00ABOK BIAKHOE HM3MEIb-
YEHHE MPOUCXOAUIIO HAa KOHCTPYKLHMSAX IIAPOBOM MEIbHMIBI, 332 CUET MCTUPAIOIIMX M YIJApHbIX BO3JEHCTBUH. B
mpouecce pa60T1>1 COBMeHJ,eHHOﬁ MEXaHOXUMHYECKOM AKTHUBAIIUU ITPOMBINUICHHBIX OTXO0A0B, B IPUCYTCTBUU BOJbI, C
MOJIyYEHUEM CEpOCOJIepXKAIUX CBIPHEBBIX CMeced sl MPOU3BOJACTBA CTPOHUTEIBHBIX MaTEpPHAJIOB HCIOJNb30BaH
METO B3aUMHOM HeﬁTpanmauI/m XUMHUYECKU BPEAHBIX BEHICCTB, HAXOAAIMXCA B COCTABC MPOMBIIIICHHBIX
0TX0/1aX. DTH METO/IBI ITO3BOJISIIOT COKPATHTh PACXO/] BSDKYIIErO BEIECTBA 3a CUET 3aMEHBI €r0 YaCTH TOKCHYHBIMU
0TX0/1aMH He()TEra30BOH M MEJIAJLUTypPriuuecKoil MPOMBIIIIEHHOCTH. XapaKkTepHUCTUKH M CBOMCTBa 00pa3LioB JKele30-
CepOCOAEPIKaIEro BXKYLIEro u3ydanu B 7, 14, u 28 cyTOUHOM BO3pacTe B €CTECTBEHHBIX YCIOBUSX TBEPACHHU U
MIOCJIE TETJIOBOW M TEIUIOBJIAXKHOCTHOW 00paboTku. Hamy ycTaHOBIICHO, YTO XKEJIE30-CEpPOCOIepKAIINE BSDKYIIHE,
TBEPJCBIINX B ECTECTBCHHBIX YCIOBUAX K [4-CyTOYHOMY BO3pacTy HMEIOT INpeAeN IMPOYHOCTH TPH COKATHU
62,0 MIla, B 28-cyTO4HOM BO3pacTe NOCTUTAETCS MPOYHOCTH 66,5 Mlla. DTOT ke cocTaB, MPOIIEANINA TETIIOBIaXK-
HOCTHYIO 00pa0oTKy, B 28-CyTOUYHOM BO3pacTe UMEET NMPOYHOCTh Npu cxkatuu 74,5 MIla, 4To cBUAETENLCTBYET O
TOM, YTO TEIUIOBJIQXKHOCTHAs 0OpaboTka OJaronpusTHO BIUSAET HAa HAOOp MPOYHOCTH JKEIEe30-CEpOCOIeprKallero
BsoKyIero. IlomydeHHble pe3ynbTaTel HCCIEIOBAHMNM MOYKHO HCIIOIb30BaTh B KauecTBE 3(P(PEKTUBHOTO BSIKYIIETO
BEILIECTBA IIPH U3TOTOBJICHUHU PACTBOPOB U OETOHOB JUIsl CTPOUTENILHOM OTPACIIH.

KiroueBble cjioBa: akTHBAIMs, MEXaHOXMMUYECKas 00OpaOOTKa, NETOKCHKAIMS MPOMBIIUICHHBIX OTXOJOB,
HeWTpanu3ays BpEeIHBIX BEIIECTB, TEPMOANHAMUYECKHE PacUeThl, JKEJIe30-CepOoCcoIepiKalllie BsDKYIINE, TpeXBa-
JICHTHOE eJIe30, OKHCIIEHHE, BOCCTAaHOBIICHNE, IPOYHOCTH TIPH C)KATHHU, TUPUTHBIN OTapoK, cepa.
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PHOSPHORUM SLAG AND PHOSPHOGYPSUM AS MAN-MADE
INDUSTRIAL WASTE FOR CREATION OF MODIFIED FIRE
AND EXPLOSION-SUPPRESSING POWDER COMPOSITIONS

Abstract. One of the priority areas of life safety and environmental protection is the creation of modified fire
and explosion-suppressing powder compositions using man-made waste from various industries. Their use makes it
possible to reuse substandard (expired) fire extinguishing compositions, possibly as substances that slow down the
processes of explosion and combustion of materials. Fire and explosion-suppressing powders at the end of the shelf
life must be regenerated or disposed of. For the regeneration procedure, i.e. restoration of the fire-extinguishing
properties of the powder, it is sent to the manufacturing plant to restore its properties and characteristics. This allows
you to modify the properties of the powder and produce an improved product. At the same time, a significant
contribution is made to the development of a system for the rational use of natural resources, disposal of production
waste, preservation of the ecological situation in the area, as well as prevention of emergencies and emergencies at
industrial dumps. Comprehensive and rational use of secondary material and raw materials and wastes of various
industries should take a certain place in the raw material balance of industry and in the prevention of emergencies.

Keywords: fire and explosion-suppression powder compositions, waste from various industries, disposal of
production waste, secondary and raw materials.

Introduction. This research work presents the classification of different types of reuse of raw
materials used for explosion and fire. The focus is on recovery issues and different reuse ways where the
used powder (or its components) at least restores the original level of performance. The thesis describes
the implementation of a life cycle assessment method. In addition, various numerical and analytical
software tools are used, which model the processes of creation and testing of the obtained mixtures, as
MATLAB. In the future, the potential environmental benefits of the recovery of fire and explosion-
suppressing powders will be investigated. The mentioned method includes several new aspects: it allows
the analysis of possible trade-offs between potential impacts and energy efficiency; independently
simulate some parameters that affect the reuse of the product; the method is applicable even on the early
stages of the modernization process, when some technical characteristics not defined yet. The
environmental impact parameters of the product life cycle stages is used as input to the assessment.

The issues of environmental protection and prevention of pollution leads to the need for the use of
alternative raw materials from industrial waste for the prevention of emergencies. At the same time,
millions of tons of industrial waste in the form of electrothermophosphoric slags, phosphogypsum and
internal overburden have accumulated at the enterprises of the phosphorus and coal mining industry.
Meanwhile such kind of industrial waste allow to solve the problem of rational use of material resources
and the environmental situation in industrial regions.

Problem statement. By investigation of the composition of fire-extinguishing powders, two main
tasks are solved, as consisting in the selection of the chemical and granulometric composition of the
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powder and providing the highest possible fire-extinguishing ability for a class of fire. The system of fire
safety of the object is established as a set of organizational measures and technical means aimed at
preventing fire and reducing damage from it at the object, i.e. it is necessary to minimize the possibility of
occurrence and development of fire, as well as the impact on people and property of fire hazards. In this
regard, both flame retardants (including flame retardants and paints) and building materials are used to
increase the fire resistance of building structures, i.e. the use of primary fire extinguishing agents, such as
fire-extinguishing powders. Among other things, such powders are included in the composition for
extinguishing fires of various classes in the compositions of powder extinguishers, which must have the
appropriate charges: for class A-powder ABC (E); for classes B, C and (E) - BC (E) or ABC (E) and class
D-D[1-4].

For effective fire extinguishing it is necessary to determine the temperature limits of flame
propagation — (ignition). The ignition temperature is the temperature of the substance at which its
saturated vapor forms in the oxidizing medium concentrations equal respectively to the lower (lower
temperature limit) and upper (upper temperature limit) concentration limits of flame propagation. During
extinguishing the flame, strong heating of the powder composition leads to its melting and transition of the
solid into a liquid state, and then, when evaporating, into a gas. Melting of solids and boiling of liquids
occurs at different temperatures, due to different energies of bonds between atoms and molecules of
substances. These physical properties of substances are considered in the development, selection and
evaluation of the effectiveness of fire extinguishing agents and materials. [5-7]

The complex task of developing the composition of fire extinguishing powders is solved with the help
of optimally selected qualitative and mathematically calculated quantitative composition of components
made from waste fine dusts and substandard fire extinguishing powder based on ammophos.

An active base for fire-extinguishing powders for multi purposes is known [8], containing
monoammonium phosphate, ammonium sulfate and a mixture of organosilicon substances. The
disadvantage of this invention is the multi-componence of the active base and the high cost of preparing.

A powder composition for extinguishing fires of various combustible materials is also known [9].
This composition includes a hydrophobic organosilicon liquid, an additive of highly dispersed silicon
dioxide and the main component, which is used as silvinite, ammophos, and as a highly dispersed silicon
dioxide — white soot with a specific surface area of 100 sq.m. / h, as well as an additional aluminosilicate.
The disadvantages of this powder include multi-component active base, high cost and complex technology
of its production.

It is technically and economically efficient to use phosphogypsum and electrothermophosphoric slag
in fire extinguishing compositions. These dusts are mainly composed of particles up to 1.0 mm in size, i.e.
do not require the cost of electricity for their additional grinding. Dust-like fractions are captured by dust-
gas-cleaning devices and accumulate in storage bins.

To date, there is a wide range of fire-extinguishing powders. But the intensive work continues to
create new fire-extinguishing and explosion-suppressing compositions. The standard formulations used
are very expensive; unused batches of expired or post-fire powder are only partially used as fertilizers.
Substandard powder is mostly stored and does not find application.

According to the results of the study, we have identified the preservation of the fire-extinguishing
ability of the expired powder of the P-2AP and the possibility of its use as a fire-extinguishing agent.

Based on further research, we offer fire-extinguishing powder compositions based on expired powder
P-2AP and waste slag phosphorus production, located 1) in the dump DPO-Khimprom and Novo-
Dzhambul Phosphorus Plant and 2) phosphogypsum of LLP "Kazphosphate". These compounds can be
used to extinguish fires of smoldering materials, flammable liquids and gases. The production of the
proposed compositions is possible from the waste of non-scarce domestic raw materials.

The main component of expired powder grade P-2AP is ammophos, the mass fraction of which is
more than 90%. Additives in the composition of this powder are: chamotte-kaolin powder Al,O; * SiO; ¢
H,O with impurities of iron oxide and titanium, and Aerosil AM-1-300 or AM-1-175 (mass fraction in
powders up to 2.5%).

Three samples of each type of waste were collected, averaged and dried to a constant humidity at
50 degrees Celsius in a drying cabinet. Table 1 presents the results of determining the chemical
composition of fine dust waste, and Table 2 shows their granulometric composition.
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Table 1 — Chemical composition of the investigated raw medium, %

Components mm Electrochemistry slag Phosphogypsum

Si0, 40 13,33

CaO 44,5 26,59
ALO; 3,96 0,45

MgO 2,65

Fe,0; 0,33 0,80

Na,O - 0,12

K,O - 0,10

P,0s 0,89 1.15
others 0,39 16,4

Research of granulometric composition of the slag of the waste phosphorus production was carried
out using a sieve and microscopic analysis. Sieve analysis of fire extinguishing powders was carried out
on two grids: No. 02 (200 microns) and No. 005 (50 microns). A significant part of the powder particles
has a size of less than 50 microns. A similar pattern was observed in phosphogypsum during fractional
sieve analysis by standard technique (ROTAP); in electrothermophosphoric slag the predominance of
fraction less than 50 microns was not detected. Microscopic analysis of the samples was performed on a
scanning electron microscope JEOL with the possibility of energy-dispersive analysis.

Table 2 — Granulometric composition of the investigated raw medium, %

Dispersion, mm Phosphogypsum Electrothermophosphoric slag

>2,5 - 19,7
1,6-2,5 - 13,5
1,0-1,6 0,8 12,4
0,63-1,0 2,9 8,6
0,1-0,63 18,2 32,7
0,63-0,1 4,8 13,5
0,05-0,0063 41,3 15,6
<0,05 52,1 6,2

In order to determine the optimal compositions of mixtures based on expired powder P-2AP with
industrial waste, the mathematical model MATLAB was used [10,11].

CONCLUSION. We applied statistical analysis methods to identify the dependence of fire
extinguishing capacity on the percentage of expired powder and industrial waste in the mixture. Using the
Least Squares Method, we considered the ranges of powder-to-industrial waste ratios:

- the first option (phosphogypsum) from 20: 80 to 30: 70

- the second option (Electrothermophosphoric slag) from 50:50 to 35:65

Combining the calculated data for the first and second variants, the dependence of the extinguishing
capacity on the percentage of the mixture components was obtained.

Thus, the suitability of waste phosphorus production and fire-extinguishing powders with expired
shelf life as fire and explosion suppressants was investigated; the mathematical and computer model
(MATLAB) was used to obtain fire-and-explosion-suppressing powder using fire-extinguishing
compositions (as the main component, the expired powder P-2AP was selected) and non-demanded
pulverized waste of phosphogypsum and electrothermophosphoric slag, which provide sufficiently high
operational properties of the compositions at a very low cost; the composition of fire and explosion-
suppressing powder from a mixture with the following ratios was developed:

composition No. 1 - fire-extinguishing powder based on expired powder P-2AP (73-74,5%) +
phosphogypsum (27-25,5%) and

composition No. 2 - fire-extinguishing powder based on expired powder P-2AP (54-57%) +
electrothermophosphoric slag (46-43%).

For these compositions requires grinding 10-15% fineness of grinding raw powder.

The mathematical analysis of the MATLAB model is confirmed by the results of the compositions of
the studied raw medium: expired fire-explosion powder composition + phosphogypsum and expired fire-
explosion powder composition +electrothermophosphoric slag.
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Analyzing the results obtained, we came to the conclusion that the use in the proposed fire
extinguishing compositions as the main component of expired powder P-2AP (which retained the main
operational properties — fire extinguishing ability) and non-demanded waste phosphogypsum and
electrothermophosphoric slag provide sufficiently high operational properties of the compositions at a
very low cost. [11]

Thus, the efficiency of the proposed fire and explosion-suppressing compositions is achieved, while
making a significant contribution to the development of the system of rational use of natural resources,
waste disposal, preservation of the ecological situation of the area, as well as the prevention of
emergencies and emergencies at industrial dumps.
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DOCPOPJIbI KOK )KOHE @OCPOPJIBI T'NIIC: TYPJIEHAIPIUITEH OPT
7KOHE KAPBLIBIC CIHIPTIII YHTAKTbBI KOMITIO3ULIAA JKACAYFA APHAJITAH
TEXHOTEHJIK OHEPKOCIITIK KAJIABIKTAP

Annotanus. Tipuijiik Kayinci3airi MeH KOpllaraH OpTaHbl KOPFayJblH 0achiM OarbITTapbIHBIH Oipi — Typii
OHJIIPICTIH TEXHOTI€HMIK KaJIBIFBIH KOJIaHY HETi3iHJAe TYPJICHIIPIIreH epT-KapbUIbIC COHIIPrill YHTAK KYpaMblH
xapaty. Onmapzs! >kapaMchI3 (Mep3iMi 6TKeH) opT COHIIPY KypaMBbIH MaTepHAIIaPIbIH JKapbUIyBl MEH KaHy YIEepiCiH
Oasty;maTaThIH 3aT peTiHAe KaiTa maiiianaHyra MyMKIHAIK OepeTiHIIKTeH KOJIIaHFaH THIM/I.

OpPT-KapbUTBIC COHAIPTINT YHTAKTAp JKapaMIbUIBIK Mep3iMi asKTalFaHHAH KEeWiH KajmblHa KENTipiIin Hemece
JKoiibTaapl. KanmeiHa KenTipy Imapachl, sSFHH YHTaKTHIH ©PT COHMAIPY KacHeTTepi MEH CHUMaTTaMallapblH KaTbIHA
KeNTipy VINH eHHIpyII 3aybITKa >KiOepimemi. Byn yHTaK KacHeTTepiH e3repTyre >KoHE JKeTUIIIpiareH eHIMIl
ImIBIFapyFa MYMKiHAIK Oepemi. Bynm perre TaOumFum KOpAsl YTHIMABI MalfalaHy, OHIIPIC KaJIBIKTapblH JKOIO,
JKEPTUTIKTI JKepAiH 3KOJIOTHSJIBIK JKaFIalblH CaKTay, COHJal-aK OHepKaCINTIK YHIHIIepae TOTEHIIE XKIHEe alaTThIK
JKaFJaiapIpIH auJblH ATy )KYHECiH TaMBITYFa eJeylli yiec KOChUIaIbI.

Kaiitamama MaTepHalABIK-IINKI3aT KOpJIApbl MEH TYPIi OHIIpiC KAIIBIKTAPBIH KEIICHMAl JKOHE YTHIMIIBI
naijjanany eHEpKACINTIH LIMKi3aT TEHrepiMiHAe KoHe TOTEHILe jKaraaiapl Oonapipmay OapeickiHza Oenriii Oip
OpbIH anmybl THic. Kasipri yakeiTTa ojap/pl maiijanaHy yJieci mmkizat keyeMmiHiH 25-30% ecentik KepCeTKilIiHiH
nramamet 3-5% kypaiinbl. Coi ceOenTi HHAYCTPUSUTBIK-HHHOBAIMSUIBIK JaMy KE3CHIHIe TEXHOTCHIIK KaIbIKTapabl
YTBIM/IBI J)KOHE KEIICH 1 Maiiaaany MocelleIepiHiH MPaKTUKAIBIK MaHbBI3BI 30P.

OHimMai KaliTa maiigadaHyAblH MaHBI3IBUIGIFBI 3aHHAMaJa 1a, FBUIBIMH OpTaja jga OipHeme peTr aram
KOpPCETUITeHIMEH, Ka3ipri yakpITTa OSKOJOTHWSIBIK TYPFBIOAH OpT COHJIIpy YHTarblH Oarasay MeH KadTa
maiianaHyIelH KeIIeHMi JKoHe JKyiemnmi omictepi koK. CoHBIMEH KaTap, FBUIBIMH O/eOMETTe JKOHE 3aHHamana
KOJJAaHBUIATHIH KaliTa mMaiiianaHy aHBIKTaMachl ophaiibiM Oipmeit Ooma Oepmeiimi. ATanraH >XyYMbIcTa OipHeme
YCHIHBUIFAH aHBIKTAMaJapMeH Koca KaiTa MalmalaHyAblH allyaH TYPJIEpiH XiKTey YchHbUaH. [laiinamaHeuran
yHTaK (HeMece OHBIH OelikTepi) Kajail OoiraHma Ja OacTamKbl ©HIMAUIIK JCHICHiH KaIblHA KENTIpy YIIiH KaiTa
naiianany Typsepi MoceieciHe Oaca Hasap ayaapbuiazsl. JKymbIcTa eMIpiik IMKINI Oarajay oIICiH 3eprrey
xommapsl cumarTanaabl. COHBIMEH KaTap, ajblHFaH KOCMATap/Abl jKacay jKOHE ChIHAY YIEPIiCTEpiH MOJCIBICHTIH
TYpJl CaHABIK-TajJIaMalibl OaraapiiaMaliblK Kypanaap, atan ainTkanna, MATJIAB cusikTel OarmapiaMaibiK eHIMICD
KOJIIaHbUTa bl bosaiakTa epr->KapbulbIc COHIIPTIIT YHTAKThI KAJIMbIHA KSATIPYIiH dJICYETT] IKOJIOTUSIIBIK Hai1achl
3epTreieni. AtanraH ofic OipHelne >kxaHa acmekTiiepai KamTuiabl. OJI BIKTHMaa OCE€p MEH JHEPrusl THiIMILTIri
apachIHIAFEl BIKTHMAaJ MOMUIEre Taijay JKacayra; eHIMAl KaiTa maijanaHyFa ocep eTeTiH KeibOip KepceTKimTepai
Jepdec Mozenbeyre MyMKIHIIK Oepefl; oic Keiblp TeXHUKAJbIK CHIaTTaMajjap aHbIKTalIMaraH Ke3Je KeTULAipy
YAEpiCiHiH anFaliKbl Ke3eHIepiHIe MaiIananbpuIaabl. OHIMHIH OMIpPIiK IUKI Ke3eHISPiHiH KopIaraH opTara acepi
Oaranaymarbl Kipic KOpCETKIIITepi peTiH/e KOITaHbIIa IbL.

Tyiiin ce3aep: opT ’KoHE JKapBUIBIC KAYIICi3AiriHe apHAIFaH YHTaKTHl KypaM, TYPJIi ©HAIPIC KalIbIFbl, OHIIpiC
KaJIIBIFBIH JKOI0, KaliTataMa MaTepHaIIBIK-IIIAKi3aT KOPHL.
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®OCP®OPHBIN IIVIAK U ®OCPOTUTIC:
TEXHOT'EHHBIE IPOMBIINIJIEHHBIE OTXO/bI U151 CO3JAHUS MOAU®UITUPOBAHHBIX
IMOKAPO- 1 B3PbIBOIIOTJIOIMAKOHIUX ITOPOIIKOBBIX KOMITIO3UIIUU

AnHoTanusi. OTHUM U3 NPHOPUTETHBIX HAIIPABICHUH 0E30MaCHOCTH >KU3HENCSTENbHOCTH M 3alUThl OKpY-
KaIOIEeH cpepl SBISETCA CO3aHue MOIU(DUIMPOBAHHBIX IT0XKapO-B3PHIBOIOIABIIIOINX TOPOIIKOBBIX COCTABOB C
IMPUMEHEHHEM TEXHOTEHHBIX OTXOJOB PA3JIMYHBIX NMPOU3BOACTB. X MpUMEHEHUE AenacT BO3MOXKHBIM IIOBTOPHOE
WCTIONIb30BaHNE HEKOHIWIMOHHBIX (IPOCPOYCHHBIX) OTHETYIIAIIMX COCTaBOB BO3MOXKHO B KauyeCTBE BEILECTB,
3aMeUISIONIMX MTPOLECCHI B3PhIBA U TOPEHHS MATEPUAIIOB.

[Toxxapo-B3pbIBONOJABIAIONIUE MOPOLMIKA IO OKOHYAHUU CpPOKa TOJHOCTH MOMJIEXAaT pereHepaluy Wid
yrunmzaiyu. [ nmpoueaypsl pereHepalyy, T.€. BO30OHOBIICHHS MOXAPOTYIIAMX CBOMCTB MOPOIIKA OH OTIPaB-
JSieTCsl Ha 3aBOA-NPOU3BOJUTENb JJISi BOCCTAHOBJICHHSI €r0 CBOWCTB M XapaKTEPHCTHK. JTO MO3BOJSET MOANU(U-
LUPOBATh CBOMCTBA IIOPOILKA U BBITYCKAaTh YCOBEPLIEHCTBOBAHHBIN NPOAYKT. IIpy 3TOM BHOCUTCS BECOMBIN BKJIAJ| B
Pa3BUTHUE CUCTEMbI PAIlMOHAJIBHOT'O HCIIOJB30BaHUA MNPUPOAHBIX PECYPCOB, YTWIM3ALMU OTXOJOB IPOMU3BOJCTBA,
COXpaHEHHs HKOJOIMYeCKOW OOCTAaHOBKM MECTHOCTH, a TaKXKe HNpeJO0TBPALICHUs YpPEe3BbIYaWHBIX M aBapUHHBIX
CUTyallMii Ha TPOMBILIUIEHHBIX OTBANAX.

KommiekcHoe M palyioHaIbHOE HCIOIb30BAHWE BTOPHUYHBIX MAaTEPHATIBHO-CHIPEBBIX PECYPCOB M OTXOIOB
pa3IUYHBIX IPOM3BOACTB JOJDKHO 3aHHUMATh OMPENEIEHHOE MECTO B CHIPHEBOM OallaHCE MPOMBIIUICHHOCTH H
IpeSyIpekACHUN YPe3BbIYaiHBIX cUTyanui. K HacToseMy BpeMEHHU NO0JI UX HCHOIb30BAHUS COCTABIIAECT OKOJIO
3-5%, BMecTo pacueTHBIX mNokazatened 25-30% ot oObema cwipbs. [lo3TOMy B meprox MHOYCTpHAIBHO-MHHO-
BallMOHHOTO PAa3BHUTHUSl BOIPOCHI PALIMOHATIBHOTO M KOMIUIEKCHOIO HCIIOJIB30BaHMs TEXHOTEHHBIX OTXOIOB HMEIOT
BaXXHOE MPAKTUYECKOE 3HAUCHUE.

Hecmotps Ha TO, 4TO Ba)XKHOCTh IOBTOPHOIO HCIONB30BaHMUs MPOJYKTOB HEOAHOKPATHO OTMEYalach Kak B
3aKOHOJATEIbCTBE, TAK U B HAYYHBIX KPYyrax, Ha JaHHBI MOMEHT HET KOMILJIEKCHBIX U CUCTEMAaTHUECKUX METOA0B
OLIGHKM M TOBTOPHOTO HCIIOJIb30BAaHMs OTHETYIIAIMX MOPOIIKOB C SKOJIOTMYECKOM TOouku 3peHus. bomee Toro,
OIpeneIeHNs] TOBTOPHOTO HCIIONb30BaHMs, IPUMEHSIEMbIE B HAYYHOM JIUTEepaType M 3aKOHOAATENILCTBE, HE BCETaa
coBnajaoT. B nmanHO#t pabore mpencraBiieHa Kiaccu(UKalMs PasIMYHBIX BHJOB MOBTOPHOTO HCIIOJIb30BaHMS,
BKIIIOUasi HEKOTOpBIE Ipeasaraembie onpeaeneHusa. OCHOBHOE BHUMAHHUE YAEIAETCS BOIPOCAM BOCCTAHOBIICHHS U
THUIIaM OBTOPHOTO MCIOJIB30BAHUS, IPH KOTOPBIX MCIIOIb30BAHHBIN MOPOIIOK (MM €r0 KOMIIOHEHTHI), TI0 KpaiHen
Mepe, BOCCTAaHABIMBACT IIE€PBOHAYAIBHBIN ypPOBEHb IPOM3BOAUTENILHOCTU. B pabore omuceiBaeTcsi pa3paboTka
METOJa OLEHKH >KM3HEHHOrO LHKIa. I[OMHMO 3TOro, HUCHONB3YIOTCS PA3JIUYHBIE YHUCICHHO-AHATHTUYECKUE
MPOTPaMMHBIE CPEICTBA, KOTOPHIE IOMOTalOT MOJEIMPOBATh IIPOIECCHl CO3MaHMA M anpoOalyy IOIyYEeHHBIX
cMecell, B 9acTHOCTH, Takwe mporpamMmHblie mpoaykTel, kak MATJIAB. B mepcnekruBe OymyT mcclemIOBaHbBI
HNOTEHIMAJIbHBIE YKOJIOIMYECKHE BBITOABI BOCCTAHOBIEHHUS M10KaPO-B3PhIBOIOABISIONIX TOPOIIKOB. Y IOMSHYTHII
METO]I BKJIIOYaeT B ce0sl HECKOJIBKO HOBBIX aclleKTOB: OH MO3BOJISIET MPOBOANTH aHAIN3 BO3MOXKHBIX KOMIIPOMHCCOB
MEXAY IOTEHINAIbHBIMUA BO3JCHCTBHAMH M SHEpProd((eKTHBHOCTHIO; HE3aBUCHMO MOJEIHPOBATh HEKOTOPHIE
napaMeTpbl, KOTOPLIC BJIHAIOT HAa IMOBTOPHOC UCIIOJIB30BAHUE NNPOAYKTA; METOA NPUMCHUM JIAXKC HAa paHHUX dTalax
Ipoliecca MOJIEPHU3ALMH, KOT/1a HEKOTOPhIE TEXHUUECKUE XapaKTePUCTUKH, BO3MOXKHO, €Ille He OBbIIH OIpee/ICHBI.
BozneiicTBue Ha OKpYXaloILIyl0 Cpedy 3TaloB >KU3HEHHOTO LHKJIA MPOAYKTa HCIOJIb3YETCsl B KadeCTBE BXOJHBIX
MapaMeTPOB UL OLIEHKH.

KniodeBble c/10Ba: IMOPOIIKOBBIE COCTaBbl Ui IOKapo- M B3PbIBOOE30NMACHOCTH, OTXOIBl PAa3IMYHBIX
IIPOU3BOJCTB, YTHIM3ALHNS OTXOA0B IPOU3BOJCTBA, BTOPHYHBIE MATEPUAIIbHO-CBIPBEBBIE PECYPCHI.
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METHOD FOR ADSORPTION PURIFICATION
OF ASSOCIATED OIL GASES FROM MERCAPTANS

Abstract. The paper examines methods of utilization of zeolite regeneration gases to assess the possibility of
using them in an industrial adsorption unit for drying and purifying gases from hydrogen sulfide and mercaptans. The
most promising is the method of decomposition of mercaptans to hydrogen sulfide and hydrogen on solid catalysts,
which is carried out at a pressure and temperature of 200-350 °C, as well as the method of direct gas-phase catalytic
oxidation of mercaptans with atmospheric oxygen. We carried out experiments on the purification of zeolite
regeneration gases of the Orenburg GPP by oxidation with atmospheric oxygen using an iron oxide catalyst at a
temperature of 180-250 °C. They showed that the gas purified from mercaptans contained elemental sulfur and
disulfides as the main oxidation products, and 0.2% vol. of sulfur dioxide was present as a by-product. The method
of purification from mercaptans and heavy hydrocarbon gases regeneration of composite adsorbent by
thermocatalytic oxidation is also proposed. To reduce the yield of undesirable sulfur dioxide in the regeneration gas
purified from mercaptans, it is proposed to divide the regeneration gas stream into two streams, while the larger part,
comprising about 80-90% vol., is sent to oxidation on a zinc-iron catalyst at 200 °C, the second stream is mixed with
oxidation products in a volume ratio in terms of mercaptans and sulfur dioxide equal to 1.5-2.2+1, respectively, then
the resulting mixture is passed at 160-200 °C through a titanium oxide catalyst with a gas volumetric velocity of
4000-6000 h™'. The proposed scheme for gas purification from mercaptans and heavy hydrocarbons on a composite
adsorbent with oxidative regeneration makes it possible to carry out the subsequent process of amine purification of
gas from hydrogen sulfide without the complications associated with foaming of the working solution. Furthermore,
it becomes possible to transport gas purified from mercaptans and hydrogen sulfide through the pipeline without
precipitation of condensate.

Keywords: adsorption; gas purification; associated gas; mercaptans; hydrogen sulfide; regeneration gases;
thermocatalytic decomposition; oxidation; sulfur; disulfides; recirculation gases.

The relevance of the topic. Adsorption treatment using aluminosilicates is widely used in the gas and
petrochemical industry for drying and purifying natural gases from mercaptans. The process of drying and
purification of natural gas from sulfur compounds is carried out in an adsorber system, which is filled with
zeolites and work alternately at the stages of adsorption of impurities from raw materials, regeneration,
and cooling of zeolites. During the adsorption treatment of gas, impurities such as water, hydrogen sulfide,
mercaptans pass into the primary porous structure of the adsorbent. When the adsorbent is saturated with
extracted impurities, its high-temperature regeneration is performed by a gas stream, into which
previously extracted impurities pass [1]. The degree of gas adsorption treatment and its economic
efficiency largely depends on the technology of adsorbent regeneration, the choice of regeneration gases
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(i.e. desorbing gas), and the method of their utilization (i.e. gases of desorption or regeneration) of
adsorbents. In addition to mercaptans, hydrogen sulfide and water vapors, carbon dioxide, and sulfur
compounds from the source gas are concentrated there.

Thus, current research projects are aimed at developing methods for adsorption purification of
associated petroleum gases from mercaptans.

Discussion of problems. Regeneration of the adsorbent of the drying process and purification of
natural gas from sulfur compounds is carried out by heating the layer by purging the gas heated up to 320-
380 °C through it. Moreover, as the regeneration gas, one can use 17-23% of raw gas that is delivered for
drying and purification [2]. In industry as regeneration gas and cooler for zeolite, a natural gas adsorption
drying unit usually uses 5-15% of gas (in terms of crude gas), which is supplied for drying and
purification, and drained and purified from sulfur compounds [3]. It is possible to achieve deep
regeneration of zeolite when the adsorbent is purged with a methane fraction extracted from a part of the
natural gas, which is drained and purified from sulfur compounds and mixed with the nitrogen-methane
fraction. This fraction is a waste of the helium concentrate production that ensures the calorific value of
the fraction mixture to be no lower than 7600 kcal/m3 at the corresponding ratio [4]. Also, there is a well-
known method of zeolite regeneration, which is applied for the drying and purifying of natural gas, where
a methane fraction is used to purge the regenerated CaA zeolite [5].

A common disadvantage of the above-mentioned methods of zeolite regeneration at units of drying
and purification of hydrocarbon gases is that adsorbent regeneration gases are obtained when using as a
desorbing agent of hydrocarbon gases (methane fraction or part of the purified source hydrocarbon gas).
Later, those adsorbent regeneration gases are used as fuel that is contaminated with the same sulfur-
containing substances as the initial purified hydrocarbon gas. The purpose of the adsorption process is to
concentrate sulfur-containing and other undesirable impurities of the source gas (then used as fuel) in its
part, which is then also used as fuel for the needs of the enterprise. It pollutes the industrial zone instead of
distribution in the environment by numerous consumers in the absence of purification of the hydrocarbon
fuel gas. The process of adsorption treatment without the utilization of regeneration gases does not reduce
the amount of sulfur oxide release into the atmosphere. Furthermore, the burning of valuable sulfur-
containing substances leads to their irretrievable loss to the economy. The validity of extracting and
processing of sulfur-containing substances present in zeolite regeneration gases is of ecological and
economic importance.

Materials and methods of research. The production conditions where the adsorption installation
operates, the composition of the purified gas, nature, and concentration of sulfur compounds, which are
present in it, largely influence the choice of a rational method of utilization of zeolite regeneration gases or
other adsorbents used in the drying processes and purification of the gas from sulfur compounds. The
following three thermocatalytic methods are the most promising for gas processing plants (GPP). The first
of them is based on the reaction of decomposition of mercaptans to hydrogen sulfide and hydrogen on
solid catalysts, which is carried out at a pressure and temperature (200-350 °C) of the adsorbent
regeneration [6-12]. The practical implementation of this method at GPP is facilitated by the availability
of energy at the plant for further purification of regeneration gas from hydrogen sulfide formed during the
decomposition of mercaptans, and its utilization by the Claus process. In addition to hydrogen sulfide,
thermocatalytic decomposition of mercaptans is accompanied by the production of saturated and
unsaturated hydrocarbons, and parallel reactions of the destruction of amines, methanol, and other
impurities contained in the zeolite desorption gas [13-15].

The third method is more attractive, and that is direct thermocatalytic gas-phase oxidation of
mercaptans to sulfur by atmospheric oxygen. We carried out experiments on the purification of zeolite
regeneration gases of the Orenburg GPP by oxidation with atmospheric oxygen using an iron oxide
catalyst at a temperature of 180-250 °C. They showed that the gas purified from mercaptans contained
elemental sulfur and disulfides as the main oxidation products, and 0.2% vol. of sulfur dioxide was present
as a by-product [16-17]. In these experiments, it was found that hydrogen sulfide and other sulfur-
containing compounds (carbonyl sulfide, carbon disulfide, sulfides), which are contained in small amounts
in zeolite regeneration gases, are also subjected to oxidation, and the product of their oxidation is
elemental sulfur. Most of the sulfur-containing oxidation products can be separated from the reaction gas
by condensation when cooled to ambient temperature, which greatly simplifies the process.
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One of the crucial processes for purification of zeolite regeneration gases is alkaline-free direct
oxidation of mercaptans based on the conversion of H,S and mercaptans to non-toxic forms (di-and
polysulfides) by atmospheric oxygen directly in hydrocarbon media [18]. Oxidation reactions occurring in
hydrocarbon raw materials are significantly accelerated in the presence of metal-complex catalysts based
on transition metals [19-22]. This technology eliminates the stage of alkaline extraction and, consequently,
the need for disposal of toxic sulfur-alkaline effluents. The effectiveness of such catalytic systems was
established in the laboratory conditions on model mixtures of thiols and hydrocarbons, for example, which
is shown in [18].

Most of the works of Kazakh scientists are devoted to the purification of oil gases.

The authors of the following work conducted research on the use of liquefied petroleum gas as a raw
material for the production of liquid oxygen-containing organic compounds [23].

Research results. This article describes a method for purification of composite adsorbent
regeneration gas, which, in contrast to aluminosilicate sorbents, can absorb not only mercaptans but heavy
hydrocarbons contained in associated petroleum gas or processing gases of light hydrocarbon raw
materials. The composite adsorbent is porous coal or natural sorbent impregnated with a moisture-
absorbing substance, which has a high dynamic capacity for water [24]. During the development of the
technology of gas regeneration of composite adsorbent by direct oxidation, a few new technical solutions
were found that ensured the achievement of the following positive result [25]:

1) simplification of the catalytic stage by conducting the process in a single stage and lack of need for
precise control of the ratio of components in the catalytic oxidation of mercaptans;

2) increase of purification degree of hydrocarbon gases by removing, along with mercaptans, both
heavy hydrocarbons, and volatile oxidation products and sulfur vapors when gas purification on composite
adsorbents is applied;

3) reduction of the energy consumption of the process due to the use of pre-concentration of
mercaptans on composite adsorbents;

4) reduced material consumption by decreasing the volume of the catalytic oxidation reactor and
loading the catalyst while decreasing the volume flow of the purified gas.

Figure 1 illustrates the scheme of a hydrocarbon gas treatment installation on a composite adsorbent
with the utilization of regeneration gases by direct oxidation and recirculation into the stream of purified
gas.

I

Figure 1 - The scheme of a hydrocarbon gas treatment installation on a composite adsorbent with
the utilization of regeneration gases:
Flows: 1 — purified gas; II — oxidation products; III — liquid oxidation products; IV — separation gas;
V —air-coolant; VI — air-refrigerant; VII — gas purified from mercaptans; VIII — regeneration gas; IX — purge gas; X — process air.
Devices: 1 - gas separator; 2,3 - adsorbers; 4 - composite adsorbent;
5 — oxidation reactor; 6 — liquid-ring pump; 7 — catalyst
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According to this technology, the hydrocarbon gas is pre-mixed with the oxidation products, and the
mixture is separated with the release of liquid oxidation products and separation gas. This gas is subjected
to adsorption treatment on a composite adsorbent, using as porous coal, for example, the Sibunit brand,
while indirectly cooling the adsorbent to the adsorption temperature, which should not be lower than the
freezing point of water or hydrate formation. The adsorbent regeneration is carried out by blowing off the
purified gas at low pressure and indirect heating the adsorbent with coolant to the regeneration
temperature, and the regenerated adsorbent is cooled indirectly with a refrigerant to the adsorption
temperature.

After that, the regeneration gas is mixed with air at a mass ratio of mercaptans to atmospheric oxygen
equal to 2.2+3:1, which is higher than the stoichiometric ratio equal to 2:1, and it is passed through the
oxidation catalyst at the volume rate and oxidation temperature. The oxidation products are recirculated
into the purified gas stream, compressed to the pressure of the hydrocarbon gas utilizing a liquid-ring
pump using the liquid oxidation products as the working fluid. In this case, for example, atmospheric air
can be used as a refrigerant, and the coolant can be atmospheric air heated with a catalytic air heater by
direct mixing of the oxidation products of hydrocarbon condensate or dry gas with atmospheric air.

Pre-mixing of hydrocarbon gas with oxidation products and separation of the mixture with the release
of liquid oxidation products and separation gas allows to remove the liquid products of the oxidative
conversion of mercaptans from the process, to obtain a working fluid for a liquid-ring pump that
recirculates the regeneration gas, as well as to recirculate the non-reacting mercaptans for re-oxidation.
This prevents contamination of the adsorbent and increases its lifetime.

The purification of hydrocarbon gas from mercaptans, heavy hydrocarbons, volatile oxidation
products, and sulfur fumes is possible thanks to adsorption treatment of separation gas using carbonaceous
adsorbent at simultaneous indirect cooling of the adsorbent to the adsorption temperature, but not below
the freezing point of water or hydrate formation. It is achieved through making the most favorable
conditions for adsorption with a maximum dynamic capacity of the adsorbent, preventing its heating
because of the heat release of adsorption. This reduces the adsorbent load and the metal content of the
equipment,

Regeneration of the adsorbent by blowing off the purified gas at low pressure and simultaneous
indirect heating the adsorbent with coolant to the regeneration temperature (200 °C) allows for deep
regeneration of the adsorbent with minimal purge gas consumption. The optimal regeneration temperature
depends on the chemical composition of purified gas and the type of adsorbent, the desired degree of
purification of hydrocarbon gas from mercaptans, and heavy hydrocarbons (desired dew point by
hydrocarbons), energy costs, etc.

The optimal flow rate of the purified gas for the regeneration of the adsorbent depends on the
chemical composition of the gas being treated, the type of adsorbent, as well as the condition of the
thermal balance of the mercaptan oxidation stage. When the concentration of mercaptans in the
regeneration gas is high, the purified gas consumption for regeneration is increased to keep the
temperature during the oxidation stage below the permissible level and to ensure the selectivity of the
oxidation of mercaptans to disulfides and sulfur without the formation of sulfur dioxide. As the
concentration of mercaptans in the regeneration gas decreases, the consumption of the purified gas for
regeneration is reduced, and, if necessary, indirect heating of the catalyst with coolant is additionally
performed to maintain the oxidation temperature.

The usage of indirect heating of the adsorbent by coolant to regeneration temperature in the
regeneration stage and the indirect cooling of the regenerated adsorbent by the refrigerant to the
adsorption temperature allows to control the temperature of the adsorbent and reduce the total duration of
the regeneration stage and adsorption cycle, as well as to reduce the load of the adsorbent and metal
content of equipment.

Oxidation of mercaptans present in the regeneration gas in a mixture with air has a mass ratio of
mercaptans to atmospheric oxygen equal to 2.2+3:1, which is higher than the stoichiometric ratio for the
oxidation reaction to sulfur and disulfides, and it prevents the formation of sulfur dioxide, which can
potentially contaminate the purified gas during a slip in the adsorber. A raise in the mass ratio of
mercaptans to atmospheric oxygen higher than 3:1 leads to an increase in the recirculation of non-reacted
mercaptans and an overload of the adsorbent. When the mass ratio of mercaptans to atmospheric oxygen
becomes lower than 2.2:1, it leads to the formation of sulfur dioxide in the oxidation products, which
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pollutes the purified gas. The experiments have shown that the optimal temperature and volume rate of
oxidation depend on the type of catalyst.

The loss of hydrocarbon gas with the regeneration gas is prevented by recirculation of the oxidation
products into the purified gas stream compressing it to the pressure of hydrocarbon gas. This is achieved
by utilizing a liquid-ring pump that uses liquid oxidation products as the working fluid. Besides, it
becomes possible to conduct regeneration at a reduced pressure of up to 5-15 kPa, which is determined by
the characteristics of the pump and the initial pressure of the gas being treated. During compression, the
oxidation products are cooled due to the contact of the gas with the working fluid, the liquid oxidation
products are condensed, and most of the mercaptans contained in the hydrocarbon gas are absorbed. These
processes take place without the use of additional cooling and separation equipment. As a result, the load
of the adsorbent and the material consumption of the process can be reduced, whereas the degree of
purification of hydrocarbon gas can be increased.

For example, the use of atmospheric air as a refrigerant and, as a coolant, atmospheric air heated with
a catalytic air heater by direct mixing of the oxidation products of a hydrocarbon fuel with atmospheric
air, allows providing effective heating and cooling of the adsorbent with the minimal technological
difficulties.

The use of a catalytic air heater instead of a conventional fire furnace reduces the cost of equipment,
the fire and explosion hazard of the installation and increases the reliability of its operation, as well as
reduces the release of nitrogen oxides and carbon monoxide into the atmosphere due to controlled
flameless combustion (oxidation) of gaseous or liquid distillate fuel at temperatures below 900 °C.

The efficiency of the described purification method of associated petroleum gas and regeneration gas
is shown by the data of the following experiment at the pilot installation. The composition of the gas
supplied for treatment, vol.% is oxygen 0.03, nitrogen 10.90, carbon dioxide 0.28, methane 70.10, ethane
5.61, propane 4.02, n-butane 2.65, isobutane 1.14, isopentane 1.35, pentane and higher 2.06, hydrogen
sulfide 1.64, mercaptans 0.24. Chromatographic analysis reveals the absence of mercaptans in the purified
gas, the content of other components is oxygen 0.13, nitrogen 11.66, carbon dioxide 0.29, methane 71.7,
ethane 5.73, propane 4.10, n-butane 2.40, isobutane 1.12, isopentane 1.18, and pentane and higher
hydrocarbons are absent.

Conclusions. Thus, the lack of heavy hydrocarbons in gas purified from mercaptans on composite
adsorbent enables a subsequent process of its amine purification from hydrogen sulfide without the
complications associated with the foaming of the working solution. Furthermore, it becomes possible to
transport gas purified from mercaptans and hydrogen sulfide through the pipeline without precipitation of
condensate.
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IIECHIE MYHAT F'A3BIH MEPKAIITAHHAH
AJICOPBIMSLIIBIK TABAPTY/IBIH TOCLII

Annortanus. [{eomutTep pereHeparyisi Ta3bH KOJIETe JKapaTy 9ICTepiHE OJapAbl KENTipy JKOHE Ta3bl KYKipTTi
CyTeri MEH MEpKalTaHHAH Ta3apTyIblH OHEPKACINTIK aacopONUsUIBIK KOHIBIPFBICHIHIA Maiiia-IaHy MYMKIHIICIH
Oaranay YIIiH Talmay *ypriziimi.

JKympIcTa KOMIO3HUTTI aIcOpOEHT pereHepanus Ta3blH Ta3apTy OHiCi CHMATTalFaH, OHBIH AFOMOCHIMKATTHI
COpOEHTTEpAEH HETi3ri albIpMaIIbUIBIFBl — MEPKANTaHAAPMEH KaTap KeHIJI KOMIPCYTEeKTl IIUKI3aTTHl KallTa eHAeY
ra3plH/Ia HEMece iJ1ecTie MyHai ra3bIHbIH KYpaMBIHIa KEe3/IECETiH ayblp KOMIpCYTeKTepi A€ CiHIpy MYMKIHAIT1 6ap.

Tikeneil TOTBIFY 9IiCIMEH KOMITO3HTTIK aICOPOEHTTI pereHepanusuiay Ta3blH ajly TEXHOIOTHSACHIH J31pieyniH
Heri3iHze OipHelle OH HOTHXKEre KOJI XKETKi3ylll KaMTaMachl3 €TeTiH OipKarap j>KaHa TEeXHHMKAaJbIK IIelimMIep YChl-
HBUIJIBI, aTall alTKaHaa:

— TpoLecTi XKYprizyai 0ip carbl meHOepiHAe OTKI3y JKOHE JKOHEe MepKalTaHAap/blH KaTATUTUKAIBIK TOTHIFYBI
Ke3iHJle KOMIIOHCHTTEPIH apaKaThIHACKIH IO PETTey KAKETTUIriHIH 00MMaybl ece0iHeH KaTaTMTUKAIBIK Ke3CHII
aHAFYPJIBIM KaparnabiM TYPre aiHaIIbIPY;
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— MepKanTaHJapMeH KaTap, ayblp KeMIpCYTEKTepIi Je XKOHE COHBIMEH Karap TOTHIFYIBIH YINMa ©HIMI MeH
KYKIpT OYBIH eIIipy »oHE KOMIIO3UTTIK aJcOpOEHTTEp/e Ta3 Ta3apTyIsl KOJNJaHy apKbUIbl ra3 Ta3apTy JeHreiiH
apTTHIPY;

— KOMIIO3UTTIK aJcOopOeHTTepre MepKanTaHIbl aj/iblH ajla IIOFBIPJIAHIBIPYAbl KOJIIaHy ece0iHeH MpOLecTiH
SHEPIUs ChIMBIMIBUIBIFBIH a3aiTy;

— TOTBIFY KaTaJIUTHUKAJBIK PEAKTOPHIHBIH KOJIEMiH KOHE Ta3apThUIATHIH ra3fblH KOJEMAIK IIBIFBIHBIH a3aTy
KEe31H/Ie KaTalnn3aTopsl KOJIIaHy ece0iHeH MaTepHaNIbIK CEIMBIMABUIBIKTHl TOMEH/IETY.

Herypieim nepeniexTuBTi femn KpicbiM MeH 200-350 °C Temmneparypa apajibIFbIHAA JKYPri3UIeTIH MEpKarTaH bl
KYKIPTTi CyTeri MeH CyTeriHe JIeHiHT1 KaTThl KaTall3aTop/ia bIABIPaTy d/1iCiH, COH/ail-aK, MepKaNTaHHbBIH aya OTTeri-
MeH Tikeneil razoasapl KaTAIMTHKAIBIK TOTHIFY 9/iciH aiTyra Oonaapl. 180-250°C Temneparypajia TeMipOKCHUATI
KaTann3aTopAa ayaHbl OTTETiMEH TOTHIKTHIPY apKeuIsl OpsiHO0p 1'O3 meonmTTepin perenepanusiiay ra3slH Ta3apTy
OOHBIHIIIA KYPTi3TeH ToXIipHOeMi3 MepKanTaHAapAaH Ta3apThUIFAaH Ta3fa HETi3Ti TOTBIFY eHiMzaepl peTiHae
KaparmaiblM KYKIpT IeH AUCYIbGUATEpIiH OONaTHIH-IBIFBIH, a1 KYKIPTTiH KOC TOTHIFBI )KaHaMa OHIMiHIH Meimepi
0,2% nenreiine exennirin kepcerti. COHbIMEH KaTap, MepKanTaH MEH ayblp KeMipCYTeKTepJeH KOMIIO3HUTTIK aJIcop-
OCHT pereHepauUsChIH MepKanTaHIapbl TEPMOKATAIUTUKAIBIK TOTBIFY O/ICIMEH KYKIpTKe JeiiH aya OTTeriMeH
Ta3apTy 9J1iC1 YCHIHBLIJIBI.

MepkanTaHHaH Ta3apTbUIFaH pETeHEpaIis Ta3blHAA KYKIPTTIH KOC TOTBHIFBIHBIH IIBIFBIMBIH a3alTy YILIIH pere-
Hepanus ra3bIHbIH AFbIHBIH €Ki aFbIHFa 06JTy YChIHBUIIBI, OCBIFaH opail keneMHiH mamameH 80-90% KypaliTeIH yiKeH
6emiri 200°C ke3iHae TEMIpXPOMIIMHK KaTalH3aTOPbIHA TOTHIFyFa JKiOepinesi, ajl eKiHIIi aFblH TOTHIFY OHIMIepiMeH
MepKanTaH MeH KYKipTTiH KOC TOTBIFbIHA IakkaHga 1,5-2,2+1 TeH coiikec KeJeMIIK KaThlHacTa apajacThbIpbLIa bl
JOHE aNbIHFAH KOCIAHBI Ta3/IbIH KOIeMIK *Kbuiaamabirsl 4000-6000 car' KYpalTbIH TUTAH-TOTBIKTBI KaTaJIU3aTOP
apkputbl 160-200°C ke3iHae oTKi3emi.

ToTeIFy perenepanuscsl 0ap KOMIIO3UTTIK aJCOPOCHTTE MEpKanTaH MEH ayblp KOMIPCYTEKTEH Ta3 Ta3apTyIbIH
YCHIHBUIFAH CXEMachl Ta3[gsl aMHUHII KYKIPTTI CYTeTifeH Ta3apTyAbIH KelleCi TPOILEeCiH >KYMBIC epiTiHAICIHIH
KoOiKTeHyiHe OailyIaHBICTHI TYBIHIAWTHIH KUBIHIBIKTEIH aJIIBIH ajla )KYPri3yre jkoHe MepKanTaH MEH KYKipTCyTeKTeH
Ta3apThUIFaH pereHepanys ra3blH KOHAEHCAT TYCIIECTEH KYOBIp apKbUIbl TAChIMAIIAY/ bl )KY3€Te achlpyFa MYMKIHJIIK
Oepeni.

CyBITKBIII areHT peTiH/ie, MbICaJIbl, aTMOC(EpaIbIK ayaHbl, ajl )KbUTY TaCBIFBIII PETiH/IE ayaHbIH KaTAIUTHKAIBIK
KBUIBITKBIIIBI apKbIIbI KOMIPCYTEKTi OTBIHHBIH aTMOC(epalblK ayaMeH TOTBIFY ©HIMIH TiKeJNeH apanacThlpy Heri-
3iHIe KBI3ABIPBUTFaH aTMoc(epalnblk ayaHBl MaigaiaHy, aIcOpOEHTTI THIMII JKBUIBITY MEH CaJKbIHAATY YPHiCIHIH
TEXHOJIOTHSUTBIK KYPACIUTIITiH )KEeHUIIETYTe MYMKIHIIK Oepeti.

OJeTTe KONJAHBIIATBIH OTIEH KbI3IBIPY IMEIIiHIH OPHBIHA ayaHbIH KaTaJIUTHKAJBIK KbI3ABIPFIIIBIH MaiiianaHy
KOJIIaHBUIATHIH JKaOJbIK KYHBIH a3alTyFa, KOHJBIPFBIHBIH ©PT IEH JKapbUIbIC KAaYINTUINH a3aiiTyra KoHE >KYMBbI-
CBIHBIH CEHIMALUIITIH apTThipyFa, connaii-ak 900°C teMeH Temreparypasa ra3 TopizJi Hemece CYWBIK AUCTUILISTTHI
OTBHIHHBIH OaKbpUIAHATHIH JKAJBIHCHI3 JKaFy (TOThIFY) eceOiHeH aTMocdepara a30T OHE KOMIPTEeri TOTHIFbIHBIH
IIBIFAPBIHIBICHIH KBICKApTyFa MYMKIH/IK Oepei.

Tyidin ce3aep: agcopOums, ra3 Ta3apTy, iiecre ra3, MepKanTaH, KYKipTCyTeK, pereHeparus Tra3bl, TepMOKaTa-
JIUTUKAIIBIK BIABIPAY, TOTBIFY, KYKIPT, AUCYIb(UATED, PEUUPKYIISINS TalapHl.
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CIIOCOB AJICOPBIIMOHHOM OYUCTKHU MOITY THBIX
HE®TAHBIX 'A30B OT MEPKAIITAHOB

AnHoTanus. IlpoBeneH aHaaM3 METONOB YTWJIM3AIMHM Ta30B PEreHEPalldy LIEOJIUTOB Ul OLIEHKH BO3MOXK-
HOCTH UCIIOJIb30BaHMSI UX HA IIPOMBIIIJICHHOH aJcOPOLIMOHHOM yCTaHOBKE OCYIIKH M OYHCTKH I'a3a OT CEPOBOJ0POIa
1 MEPKaIITaHOB.

B pabore ommcaH MeTOA OYHMCTKHM Ta30B pereHepanuy KOMIIO3UTHOTO aJcOpOeHTa, KOTOPbIH, B OTIMYUH OT
AITIOMOCHIIMKATHBIX COPOEHTOB 00I1a1aeT BO3MOXKHOCTBIO MOTJIOLIEHUSI HapsAy ¢ MEpKalTaHAMH U TSDKEJIBIX yTJIEBO-
JIOPO/IOB, COAEPIKAIIUXCS B IIOIyTHOM HE(TSIHOM Ta3e WM B ra3ax MnepepadoTKH JIETKOTO YTIIEBOAOPOIHOTO CHIPHS.

Pa3paboTKO# TeXHOJIOTHH MOTY4YEHHS T'a30B PETCHEPAIIH KOMIIO3UTHOTO a1cOpOeHTa METOAOM MIPSIMOTO OKHC-
JICHUs] HalIeHbI PSii HOBBIX TEXHHUUYECKHX PELICHUH, 00ECIEeYNBAIONX JOCT)KEHHE HECKOJIBKHUX ITOJIOXKHUTEIBHBIX
pe3yNbTaToB, @ UMEHHO:

—— Q4 ——



ISSN 2224-5286 Series chemistry and technology. 6. 2020

- YIpPOIEHHE KATAIUTHYECKOW CTaJMU 3a CUET MPOBEICHUS MPOLIecca B OJHY CTAJHMI0 M OTCYTCTBHUSI HE0OXO-
JUMOCTH TOYHOTO PEryIHPOBAaHMS COOTHOIIEHUS! KOMIIOHEHTOB IIPU KaTAIMTHYECKOM OKHCIEHHH MEPKAITaHOB;

- TOBBIIICHUE CTETEHH OYUCTKH YTJIEBOJOPOTHBIX Ta30B 3a CYET YAAJCHHS HApsAy C MEpKanTaHaMH, Kak
TSOKEIBIX YTIIEBOJIOPOIOB, TaK H JIETYYHX MPOAYKTOB OKHCICHHUS U MApOB CEPbl, IIyTeM IMPUMEHEHUS] OYUCTKH Ta30B
Ha KOMITO3UTHBIX a/ICOPOEHTaX;

- YMEHBIICHHE HHEPrOEMKOCTH IIpoIecca 3a CYeT NPUMEHEHHUS IIPEABAPHTEIBHOTO KOHICHTPHPOBAHUS
MepKanTaHOB Ha KOMIIO3UTHBIX afICOPOCHTAX;

- CHIDKEHHE MAaTepHaJOEMKOCTH 3a CYeT YMEHBIICHHS 00beMa KaTAINTHYECKOTO PEeakTopa OKHCICHUS HU
3arpy3Kd KaTajln3aTopa MpH yMEHBIIEHHH 00BEMHOTO pacxo/ia OYHIIaeMOro rasa.

Haubonee nmepCreKTHBHBIMH SIBIISIOTCS METOJ PasIOKEHHS MEPKAaNTaHOB IO CEPOBOIOPOAA W BOIOpOJA HA
TBEPIBIX KaTaJN3aTOPax, KOTOPHIH MPOBOAXTCS MpH AaBieHnH u Temneparype 200-350 °C, a Taxke METOA MPSIMOTO
ra3o(ha3HoOro KaTaTMTUYECKOrO OKUCIICHHS MEpKANTaHOB KHCIOPOIOM BO3ayxa. OMbIThI, MPOBEACHHbIE HAMU 10
OUYNCTKE Ta30B pereHepamuu neoidutoB OpeHOyprckoro ITI3 myTemM OKHCIEHHS KHCIOpOAOM BO3IyXa Ha
XKeNEe300KCHAHOM KaTanu3aTope npu Temmeparype 180-250°C mokaszanu, 9To B OUYMIIEHHOM OT MEPKalTaHOB Ta3e B
Ka4eCTBE OCHOBHBIX IMPOAYKTOB OKHCIICHHS IPHCYTCTBYIOT JJIEMEHTApHas cepa W JUCYIb(QHIbI, a COJCpIKaHHe
MoOOYHOTO TPOIYKTa ABYOKHCH cepbl Haxomurcs Ha ypoBHe 0,2% o00. [IpemmoskeH Takke METOJ OYHUCTKH OT
MEpPKaNTaHOB M TSIKEIBIX YTJIEBOIOPOJIOB Ta30B PEreHepalruy KOMIIO3UTHOTO aAcopOeHTa METOAOM TepMOKATaH-
TUYECKOTO OKHCIICHUS] MEPKAITaHOB JIO CEpPhI KUCIOPOIOM BO3IyXa.

Jns cHmwKeHns BBIXOJAa HEXKEITAaTeNbHOW ABYOKHCH CEphl B OYMIIEHHOM OT MEPKANTaHOB Ia3a pereHepanuu
MPEAJI0KEHO MOTOK ra3a pereHepaluu AeIUTh Ha JiBa MOTOKA, IPU 3TOM OO0JIbILAs 10 00bEMY YacTh, COCTABIISIONIAS
npumepHo 80-90 % 006., HaIPaBIIOT Ha OKHUCJICHUE Ha YKEJIe30XPOMIIMHKOBOM KaTtanuzaTope npu 200°C, a BTopoit
MMOTOK CMEIINBAIOT C MPOAYKTaMH OKHCICHHS B 00BEMHOM COOTHOUIECHHUH B MEPECUYeTe Ha MEPKAINTaHbI U IBYOKHCh
cepbl, paBHOM 1,5-2,2+1, COOTBETCTBEHHO, M MOJIYYCHHYIO cMech mporryckaroT mpu 160-200°C depe3 THTAaHOKCH-
HBII KaTaJIM3aTop mpu 00BbeMHO#t ckopocTh raza 4000-6000 4.

IIpemnokeHHass cxemMa OYHCTKA Ta30B OT MEPKAalTaHOB U TSDKENBIX YIJIEBOJOPOJAOB HAa KOMIIO3HTHOM
azcopOeHTa ¢ OKHUCIUTEIBHON pereHepanneil JaeT BO3MOXHOCTh BECTH MOCIETYIONINI MPOLIECC aMHHOBON OYHCTKH
raza OT CepoBOJOpoaa 0e3 OCIIOKHEHHs, CBA3aHHOTO C BCIIEHMBAaHMEM pPabodero pacTBopa, M OCYILECTBISTh
TPAHCIIOPTHPOBKY OYHMINEHHOTO OT MEPKAlTAaHOB M CEPOBOAOPOJAA Ta3a pereHepamuu Mo TpyOompoBoxy 06e3
BBIITAJICHAS KOH/IEHCATA.

Hcnonp30oBaHue B KauecTBe XJalareHra, Halmpumep, aTMOC(EpPHOro BO3[yXa, a B Ka4eCTBE TEIIOHOCHTEINS -
aTMoc(epHOro BO3[yXa, HAarpeToro C IMOMOIIbI0 KATAJIMUTUYECKOrO HAarpeBatelisi BO3AyXa IMPSIMbIM CMEIICHHEM
MPOJIYKTOB OKHCJICHHS! YTJIEBOJOPOJHOrO TOIUIMBA C aTMOC(EpPHBIM BO3AYXOM, MO3BOJISIET C HAUMEHBIIUMHU
TEXHOJIOTUIECKUMH CIIOKHOCTSIMH 00ecTieunTh 3(PPEKTUBHBIN HATPEB U OXJIKICHUE aICOPOCHTA.

Hcnonp3oBaHne KaTaIMTHYECKOTO HArpeBaTeNss BO3IAyXa BMECTO OOBIYHO MPHUMEHSIEMOIl IIeYd OTHEBOIO
HarpeBa IO3BOJISIET CHHU3WTh CTOMMOCTH OOOPYZOBaHHS, YMEHBIINTH IMOXKapO- W B3PHIBOONACHOCTh YCTAHOBKU U
MOBBICUTD HAICKHOCTH €TI0 PabOTHI, @ TAK)KE COKPATUTH BBIOPOCH! OKHCIIOB a30Ta M OKHCH YIIIepoja B aTMochepy 3a
CYEeT KOHTPOIUPYEMOTO OECIUIaMEHHOTO CKHTaHWsA (OKHCICHHSA) ra3000pa3sHOTO WIH JKHAKOTO TUCTHIUISTHOTO
TOIUTUBA IpH Temmeparype aHmxe 900°C.

KioueBble cjioBa: ancopOIist; OYMCTKA Tra30B; IMOMYTHBIM Ta3; MEpKAaNTaHBL, CEPOBOIOPOX; Ta3bl
pereHepanyu; TepMOKaTAIUTHIECKOE PA3JIoKEHHE; OKUCICHUE; cepa; TUCYIb(PUIb; ra3bl pELUPKYIISLHH.
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MECHANISM OF FILTRATION DRYING
OF ORGANIC MATERIALS OF FIBROUS STRUCTURE
AND RESULTS OF RESEARCH OF EXTERNAL HEAT EXCHANGE

Abstract. One of the high-intensity methods for removing both free and bound moisture is filtration drying.
This is due to the fact that during filtration drying, the heat agent is filtered through the porous structure of the wet
material, which is placed on the perforated partition in the direction "wet material-perforated partition". The velocity
of the heat agent in the pores and channels of a stationary layer of wet material determines the thickness of the
boundary layer (hydrodynamic, thermal, and diffusion) and, accordingly, the values of the heat and mass transfer
coefficients. In addition, the surface of heat and mass transfer is the total surface of the pores and channels through
which the heat agent is filtered. The filtration rate of the heat agent is determined based on technical and economic
considerations, given that its increase affects the growth of pressure loss. Moreover, the actual speed of the heat
agent relative to the layer elements is much higher than in the case of drying by any other methods (in a fluidized
bed, during drying in pneumatic transport dryers, etc.). Large heat and mass transfer surfaces and the speed of the
heat agent in the pores and channels of the stationary layer of wet material provide high heat and mass transfer
coefficients and, accordingly, the intensity of filtration drying. This article presents the results of the study of
external heat exchange between the heat agent and dry particles of organic materials of fibrous structure, in particular
raw cotton and its stems, and the mechanism of filtration drying.

KirueBnie ciioBa: cotton fiber, heat transfer, mass transfer, hydrodynamics, filtration drying, porosity, organic
materials of fibrous structure.

Introduction. Organic materials of a fibrous structure are characterized by an irregular shape of the
fibers, roughness of the external surface, the presence of protrusions, depressions, and a network of pores
of different sizes. During processing or other technological processes, moisture gets into the pores of these
materials, and also wetting the outer surface [1-2]. As a result, the properties of fibrous materials
deteriorate and the layer structure is formed unevenly. The surfaces of some particles can be screened by
the surfaces of others, while forming non-flowing or partially flowing zones for the thermal agent, which
will certainly affect the kinetics of filtration drying [3-7]. Moisture from non-flowing zones will evaporate
only due to molecular diffusion, which will lead to an increase in the total drying time[8]. For the study of
filtration drying, organic materials of a fibrous structure were selected: raw cotton and its stems, which
differ in shape and internal structure. According to the method given in [8], the influence of the
temperature and filtration rate of the heat agent on the kinetics of filtration drying was studied.

The intensity of filtration drying of organic materials of a fibrous structure largely depends on the
amount of heat that is transferred from the heat agent to the wet particle and is determined by the filtration
rate of the heat agent, the temperature difference between the surface of the solid particle and the heat
agent, as well as the surface of the interfacial contact [9,10].
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Moisture in organic materials of a fibrous structure is located mainly inside and partially on the
surface. During drying, moisture evaporates due to heat input, and the driving force of the process is the
temperature difference between the heat agent and the material particles.

Based on the analysis of the kinetic curves of drying of crushed and granular materials, it can be
concluded that filtration drying is characterized by three main stages of moisture removal: mechanical
displacement, mass transfer at a constant rate of moisture removal, and intra-difusion moisture removal at
a rate that decreases [8-11].

The presence or absence of mechanical displacement is determined by the presence of free moisture,
which is contained by the surface tension forces between the particles that form the layer and the
processing technology of organic materials of a fibrous structure. The intensity of mechanical
displacement is determined by the pressure drop and the amount of free moisture. The greater the pressure
drop, the smaller the channels formed by the layer particles, free moisture will be removed. Of course, the
maximum amount of moisture that can be removed is determined by the free volume and structural
structure of organic materials of a fibrous structure, which determine the amount of moisture that can be
contained[8-11].

Experimental part. To implement the process of drying raw cotton, as noted in [12,13], the industry
uses drum-type dryers and fluidized bed dryers, which are energy-consuming and expensive. Therefore,
we were faced with the task of developing a new type of dryer that would reduce the energy costs of the
drying process.

Generalization of results of experimental and theoretical research of hydrodynamics and heat and
mass transfer during filtration drying of organic materials of a fibrous structure in particular, we explored
the drying of seed cotton and stalks, are allowed to offer the design of the dryer, which takes into account
the physico-mechanical properties of raw cotton and its stems, to improve the methodology of calculation
of the main dimensions of this installation and calculate the optimal process parameters of the heat agent.

We suggest using a schematic diagram of a drum-type filtration drying unit for drying raw cotton, the
design of which is described in [14-17].

The essence of filtration drying is to filter the heat agent through the porous structure of the dispersed
material in the direction "material layer-perforated partition" due to the pressure drop[9-16].

It is known that during filtration drying, in the same way as in the processes of ion exchange,
extraction from the solid phase, mass transfer, etc.does not occur over the entire height of the layer [9], but
only at a certain height, which is called the mass transfer front. During filtration drying in the beginning is
formed by the front height (figure 1 a), at this altitude, thermal agent, filtrating through the porous
structure of the wet layer of raw cotton and its stems, gives up its heat to the material and is saturated with
moisture, if the layer height is significant, but moisture is sufficient, then after some time the moisture
content of the heat agent reaches saturation, as a consequence, its temperature decreases to the temperature
of the wet thermometer. In the future, the heat agent under the influence of a pressure drop continues to
filter through the porous structure of the layer, but it no longer takes part in mass transfer.

The filtration drying mechanism is schematically shown in figure 1.

After removing external moisture from the upper layers of raw cotton and its stems, the mass transfer
front expands in the direction of the heat agent movement. This is because exterior moisture material,
which is first in contact with fresh thermal agent is removed faster than the material of the lower layers,
where the thermal agent is saturated with moisture and its drying capacity is less, so after some time in the
upper layers does not remain external moisture begin to evaporate moisture from the upper layers of the
material, while the evaporation rate depends on the coefficient of internal diffusion of moisture from the
raw cotton and its stems[18,19]. This causes the formation of a moisture transfer front with height A
(figure 1b). After some time, the evaporation of internal moisture in the upper layers is completed and
there is an equilibrium between the dispersed material and the heat agent, a layer of dry material
hary materiar @ppears, which does not take part in mass transfer (figure 1 c), and the mass transfer zone
moves to the perforated partition. After the frontal part of the mass transfer front reaches the perforated

partition (figure 1 d), its height h begins to decrease, the heat agent is only partially saturated with
moisture vapor, and its temperature at the exit from the layer begins to increase (figure 1 e,f).

It is known that in many works devoted to filtration drying [10-12], the concept of drying in the first
and second conditional periods was used to describe kinetics by analogy with convective drying.
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Analyzing the filtration drying mechanism shown in figure 1, we conclude that the entire process can be
divided into the period of full saturation of the heat agent (figure 1 a-d) and the period of partial saturation
of the heat agent (figure 1 e,f), which actually corresponds to the physical essence of the process.

l Vl' i
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L h min J

Py

h

a) formation of a mass transfer front with a height of h,,;,,; b) simultaneous existence of a layer of dry and wet material
hary materiar; ©) moving the mass transfer zone in the direction of the perforated partition; d) reaching the frontal part
of the mass transfer front of the perforated partition; e, f) reducing the mass transfer zone and completing the drying process.
Figure 1 - the Mechanism of the filtration drying of raw cotton and its stems

Theoretical part and discussion of the results. Taking into account that during filtration drying, the
layer contains both dry and wet materials that take part in heat exchange (the dry material is heated to a
temperature close to the temperature of the heat agent), it is necessary to study the process of heat
exchange between dry and wet particles of raw cotton and its stems.
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Figure 2 — temperature Change of the heat
agent at the exit from the layer of dry raw
cotton and its stems, at different speeds
of the heat agent movement (the height
of the material layer is 26 mm)

Figure 3 - Change in the temperature
of the heat agent at the exit of the layer
of dry raw cotton and its stems at different
speeds of the heat agent and (the height
of the material layer is 26 mm)

Figure 4 — temperature Change of the heat
agent at the exit from the layer of dry raw
cotton and its stems at different speeds of the
heat agent movement (the height of the material
layer is 26 mm)

The average values of the temperature of the heat agent at the exit from the layer of dry raw cotton
and its stems are experimentally determined in figures 2-4, at different temperatures of the heat agent,
which varied in the range: 40-60 °C, and at different speeds of the heat agent from 0.66 to 2.01 m/s. The
temperature value of the heat agent was chosen due to the transience of the heating process of raw cotton

[ ) w0 = 0,66 M/c
| ® w=10Iwkc
30 *  wo=138wm/c
A w0 =1,74 m/c
* w0 =2,01 m/c
207 T
0 20 40 60 80 100
7,SeC
t,°C
510 —30000000000000000000999

EEEEEEN ENE N\

. w0 = 0,66 m/c
30 7] ‘ w0 = 1,01 m/c )
N * w0 =1,38 m/c
A w0 =1,74 m/c
K w0=2,01wmc
20 e
0 40 80 120
7,S€C
t,°C
40—: V
36 ff:ﬁ/
) ; %{;
28
E! @  wo-066mk
é; ¢ W0=101wk
243 *  wo=138wmk
éq A w0=174mkc
E ¥ w0=201wl
20 Frrrrrreree

0

40

80
7,S€C

particles and their stems, the average size of which does not exceed 2 mm.

The presented graphic dependences of the temperature change of the heat agent at the exit from the
material layer allow us to determine the coefficient of heat transfer from the heat agent to dry particles of

raw cotton and its stems.

120 160
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Given that the heat agent is filtered through a layer of dry raw cotton and its stems and the porosity of
the layer is high (€1qyer o f materiar=0-900+0.960 m’/m’), it is assumed that the temperature of the heat
agent is the same on all sides of the particle. It is impossible to experimentally measure the surface

temperature (T}, ) of raw cotton and its stems, so it was estimated based on the analytical dependences for
the average layer temperature and the temperature on the surface of a solid particle, given in [8] for
cylindrical particles. Due to the fact that the material particles were washed by the heat agent from all
sides, it was assumed that the distribution of the temperature field over the particle diameter is parabolic.

The average temperature of the surface of solid particles (T, ) it was determined as follows: the average
temperature of the particles (T') was determined from the heat balance equation:

Vc'p'c'(tn_t_q):AQ:m'cs'(T_TO) (1)
where: m — weight of raw cotton and its stems, kg; ¢, — heat capacity of raw cotton particles and their

stems, kJ/(kg*K); T— the average temperature of the layer,°C; T} — the initial temperature of the particle,
°C.

; )
where: t — average temperature of the heat agent,°C; R ur— particle radius and current radius,
respectively (0 < r < R), m; u,— root of the characteristic equation; F, — the criterion Fourier.
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Figure 5-Dependence of the heat transfer coefficient a on the actual filtration rate w
of the heat agent at a temperature of 60 °C

Based on the experimental values shown in figures 2-4, the value of the heat transfer coefficients a
was calculated according to the heat transfer equation [20]:

AQ
F'(t_Tn.)'AT, ) (3)
where: AQ - calculated according to the heat balance equation for the heat agent, J; t - the average

temperature of the heat agent at the exit from the layer according to the experimental data shown in figures
2-5, °C; F— effective heat and mass transfer surface,m”; At — change in the time, in seconds.

a =
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The values of the heat transfer coefficient obtained by us are averaged over the layer, due to the fact
that the heat agent moves along a complex trajectory of channels between the particles that form the
material layer, its speed changes many times with respect to the particle surface, so the local heat transfer
coefficient changes. Figure 5 shows the calculated values of the heat transfer coefficient a from the actual
speed of the heat agent.

Conclusions. The mechanism of filtration drying of a layer of raw cotton and its stems and the
existence of a period of full and partial saturation of the heat agent is revealed. Criteria dependences are
proposed for determining the heat transfer coefficients from the heat agent to the layer of dry particles of
raw cotton and its stems. As we can see from the obtained graphic dependences, the experimental values
of the heat transfer coefficient from the heat agent to dry particles of raw cotton and its stems, depending
on the actual filtration rate, are approximated by a straight line. An increase in the speed leads to an
intensification of the heat exchange process. This is due to the fact that at a higher filtration rate, a greater
amount of heat agent is filtered through the channels between the particles and a greater amount of heat
enters the material layer. The error between the theoretically calculated values and the experimental data
does not exceed 14.2%, which is quite acceptable for design calculations of new drying equipment.

A.E. Xycanonl, B.M. ATaMaHloK3, B.M. Kannblﬁaenal,
A.3. Aouibmarkanos’, JI.K. :xana6aes’, 3.C. KoGeena'

1M.Oye3013 ateraaarsl OHTYCTiK Kaszakcran yausepcureri, LllsmvkenT, Ka3akcran;
ZI[.COKOJILCKHIZ aTeiHAarsl «KaHapmaii, kaTanu3 jxoHe neKTpoxumMus HHCTUTYTe AK, Anmartsl, Kazakcran;
3«JIbBOB TIOTHTEXHIKAY YITTHIK yHUBEpCHTETI, JIbBOB, YKpanHa

KYPbUIBIMbI TAJIIIBIKTBI OPTAHUKAJIBIK MATEPUAJIJAP/JbBI CY3I'VIEII KEIITIPY
MEXAHMW3MI ’)KOHE CBIPTKbI KbLTY AJIMACY/IbI 3EPTTEY HOTUXEJIEPI

AnHotanusi. EpkiH jxoHe OalaHBICTBI BUIFAIIBI JKOIOJABIH JKOFaphl KAPKBIHIBI SAICIHIH Oipi — cysriizen
kenrtipy. Cy3rinen kenTipy 6apbICBIHAA JKBUTY areHTi BUTFAIIBI MaTePHAIIBIH KEYEeKTi KYPBUIBIMBI apKBLUIBI CY3iiei,
on mepdopanusuanFal 0eJliKKe OpHANACTBHIPBUIFAH «BUIFAJl MaTepuall — nepdopalisianFal OKIIay» OaFbITBHIHIA
Ko3fanajpl. bliranm MaTepuanuslH CTalMOHAPIIBIK KaOATHIHBIH KEyeKTepi MEH apHaJapblHAAFbl JKbUIYy arcHTiHIH
KO3FaJIbIC KbUIIAMIbBIFBI IIeKapa KaOAThIHBIH KaIbIHABIFBIH (THAPOANHAMHKAIBIK, XKbUTY JKoHe ITU(Y3UIBIK) jKoHe
THICIHIIIE XXBUTY KOHEe Macca Oepy Kod(pHIMEHTTEepiHiH MOHIH aHBIKTaliabl. COHBIMEH KaTap, KBUIYy XKOHE Macca
anMacy OeTi XKBUIy areHTi CY3UIeTiH Keyek IMeH apHaJapZbIH Kaumsl 6eti 6oisin caHamansl. JKbUTy areHTiHIH Ccy3y
KBULIaM/IBIFBIHBIH YJIFAIObl KBICHIMHBIH JKOFallyblHa 9CEp €TETiHI Heri3re ajblHbII, TeXHUKAIBIK-)KOHOMHKAJIBIK
TYpFbIIaH aHbIKTanaapl. COHbIMEH Karap, Kabar 3JIeMEHTTepiHe KaThICThI KbUTY areHTiHIH HAaKThI )KbUIIaM/IBIFBI Ke3-
KenareH Oacka omicTepMeH (KaifHaraH Ka0aTTa, NMHEBMATHKAJBIK KENTIPriliTe KenTipy OapbIChiHIA JXOHE T.0.)
KENTIpreHre KaparaHja oJJeKaijga >korapbl. bliran MaTepuannblH cTalMoOHApibIK KaOaTHIHBIH Keyeri MeH
apHaJIapbIHAAFbl KBUIy JKOHE Macca ajMacyAblH YJKEH OeTi jKoHE JKbUIy areHTIHIH JKbULIAMJIBIFBI JKbUIY MEH
MacCaHbIH JKOFapbl K03 (QUIMEHTTepiH KoHEe COWKECIHIIe CY3Tiiey KeNnTipy KapKbIHIBUIBIFBIH KaMTaMachl3 €Te.
Makasnaza >KpuUTy areHTi MeH TaJIIIBIKThl KYPBUIBIMHBIH OpTaHUKaIbIK MaTepHalIapbIHBIH KYPFaK OeJIIeKTepi, aTal
alTKaHIa, MaKTa IIHWKi3aTBl MEH ca0arblH CY3TUIeN KenTipy MeXaHW3Mi apachlHOAFbl CBHIPTKBI JKBLTY ajaMacymbl
3epTTey HOTIKENEepi KEeNTipireH. 3epTTey HOTIKeNepi OOMBIHIIA IIMTTI MaKTa KaOaThIH KOHE cabarblH CY3risien
KeNTipy MeXaHH3Mi XOHE JKBUIy AareHTIHIH TONBIK opi imiHapa KaHbIFy Ke3eHi aHbIKTangsl. Kyprak makra
IIMKI3aTHIHBIH KaOaThIHAH >KOHE OHBIH cabaKTapbhlHAH INBIKKAH JKBUTY areHTi TeMIIEpaTypachIHBIH OpTamia MOHi
SKCHIePUMEHTA B! Typ/e aHbIKTansl, 40 — 60°C 5KoHe JKbUTy areHTiHiH KbULIAMIBIFE GoiibHma 0,66-1a0 2,01 M/ ¢
JIeiH Typil Temmeparypaja JKbUly areHTi e3repeai. JKbuly areHTIHIH TeMIlepaTypaliblkK MOHI INUTTI MakTa
OeJekTepi MeH ca0arblH KbI3ABIPY YACPICIHIH IKbUIIAMIIbIFbIHA OaiJIaHBICTHI TaHIAJIAIbBI, OJIAPIBIH OpTallia
MeJmepi 2 MM acnaipl. ¥ChIHBUIFaH MaTepHan KaOaThIHAH IIBIKKAH JKbUTy areHTiHIH TeMIIepaTypa e3repiciHiH
rpadUKaJIbIK TOYENAUTIri >KbUTy areHTIHEH IIMKI MakTa MEH caOarbIHBIH Kyprak OejimeriHe >Xpury Oepy
K03(h(DUIMEHTIH aHBIKTayFa MYMKIHIIK Oepeti.

JKpumy areHTiHEH MIMTTI MaKTaHBIH KYPFaK OeIIeKk KabaThIHA jkKoHE cabaFblHa KBUTY Oepy KodQQHUIHUEHTTEpiH
aHBIKTAY YIIiH KPUTEPHAIIBI TOYESIAUTIK YCRIHBUTARL. [ paprKabIK TOyenaiTiKTeH KbITY areHTIiHCH albIHFaH MaKTa
IIMKI3aTHIHBIH KYpFaK OelIeKkTepiHe jkoHe cabarbIHa JKbUTYy O0epy K03 (OUIMEeHTIHIH TOKIpHOSTiK MOHI HAKTHI CY3y
KBUITAMIBIFBIHA OalIaHBICTBI TY3Y CBI3BIKICH >KaKbIHIAFaHBIH aHBIKTayra Ooxamel. JKeimy ammacy yaepiciHig
KapKBIHIBUIBIFBI JKBUTYy areHTi KBUIJaMIBIFBIHBIH apTybIHA OaiIaHBICTBI €KEHAIr1 aHBIKTAIABL, Oyi OeJmeKTepIiH
apachIHIAFEl apHaJIap apKbUIBI CY3y KBUIIAMJIBIFBI JKOFapbl OONFaHA KBUTy areHTiHiH Meimepi kebipek cysiim,

— ) ——
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MaTepuan KabaThlHa KeOipeK Xbuly eTeni. TeopHsuIblK ecenTeNreH MOH MEH SKCHePUMEHTTIK MOIIMETTepIiH
apachIHIAFHI coiikecci3mik 14,2% acmaiiapt opi OYI1 skaHa KeNTipy jKa0IbIKTaphIHBIH KOOANBIK ece0iHe oTe KOJMAIbL.

Tyiiin ce3mep: MakTa TAJILIBIFBL, JKBUTy anMacy, Macca anMmacy, THAPOIMHAMHKA, (QUIBTPalUsIIBIK KEnTipy,
KEYeK, TATIIBIKTH KYPBUIBIMHBIH OpTaHUKAIIBIK MaTepUaiaphl.

A.E.Xycaﬂonl, B.M. ATaMammc3, b.M. Kannmﬁaenal,
A.3. Aouabmarikanos’, JI.K. T:xana6aes’, 3.C. KoGeena'

'FOsxno0-Kasaxcranckuii yansepcuter um. M. Ayesosa, IlIsivkent, Kaszaxcras;
2I/IHCTI/ITyT TOIUIMBA, KaTanu3a u anekTpoxumun uM. JI.Cokoabckoro, Anmartsl, Kazaxcran;
3HauI/IOHaJH,H},H71 yHUBepcUTET «JIbBOBCKasl ONUTEXHUKAY, JIbBOB, YKpanHa

MEXAHHA3M ®UJIbTPAIIMOHHOM CYIIIKA OPTAHUYECKHUX MATEPUAJIOB
BOJIOKHUCTOM CTPYKTYPHI U PE3YJIbTATHI UCCJEJTOBAHUSA
BHEHIHEI'O TEIINIOOBMEHA

Annotanusi. OHUM M3 BBICOKOMHTEHCHBHBIX METOJIOB yIAJICHHS] KaK CBOOOIHOM, Tak M CBSI3aHHOW BJaru
SBJISIETCsl (PUIBTPALMOHHAS CYIIKA. JTO 00YCIIOBIEHO TEM, YTO BO BpeMsl (DHIbTPALMOHHON CYIIKH TEIUIOBOM areHt
(UIBTPYyETCS CKBO3b MOPHUCTYIO CTPYKTYPY BJIQXHOTO Marepuajja, KOTOPBIA pasMmelneH Ha mnepdopupoBaHHOM
MEPEropoIKe B HAMPABICHUN «BJIXKHBIA MaTepuai—ephoprupoBaHHas meperopoaka». CKOPOCTh ABIKEHUS TEILIO-
BOTO arcHTa B IMOpaxX M KaHaJaX CTAIMOHAPHOTO CIIOS BIAYKHOTO MaTepHaia ONpeelisieT TONIIMHY ITOTPAaHHIHOTO
ciost (TUAPOJMHAMUYECKOTO, TEIIOBOTO U ((Hhy3MOHHOT0) ¥ COOTBETCTBEHHO 3HAYCHUS KO3(DPHUIIMEHTOB TeIIo- 1
MaccooTaaud. Kpome 3TOro MmoBEpXHOCTHIO TEIUIO- M MAcCOOOMEHa SIBIISIETCS CyMMapHas MOBEPXHOCTh IMOP U
KaHAJIOB, CKBO3b KOTOpbIe (QHILTPYETCs TEIIoBOW areHT. CKOpOCTh (PUIIBTPAIMU TEIIOBOTO areHTa OHPEACIISIOT
HCXOJSI M3 TEXHUKO-DKOHOMHUYECKUX COOOpaKCHUH, YYMTHIBAs TO, YTO €€ YBEJIMYCHHE BJIMSET HAa POCT MOTEPU
nasnenusi. [Ipudem, aedcTBUTENIbHAs CKOPOCTh ABKMIKEHHS TEIUIOBOIO AareHTa OTHOCHTENBHO JJIEMEHTOB CIIOS
3HAYUTENHHO BBILIE, Y€M B ClIydae CYIIKH JIIOOBIMH APYTMMH MeTojAamu (B KHIIIIEM CJIO€, BO BPEMs CYLIKH B
MTHEBMOTPAHCIIOPTHBIX CYLIMJIKAaX W Jp.). BoJjbline MOBEpXHOCTH TEIUIO- U MAacCOOOMEHa U CKOPOCTh TEIJIOBOIO
areHTa B Mopax M KaHajax CTallMOHApHOI'O CJIOSl BJIAXXHOTO Marepuasia 0OECIeYMBAIOT BBICOKHE KOA(P(PHUIUECHTHI
TEIJIO- U MacCOOTAAYH U COOTBETCTBEHHO WHTEHCHBHOCTH (DMIIBTPALIMOHHOM CyIIKH. B 3Tol craThe NpHBENCHBI
pe3ysibTaTbl HUCCICAOBAHUA BHCUIHETO TeHHOO6MeHa MEXKAY TCIUIOBBIM arcHTOM MW CYXMMH 4YaCTULlaMU
OpPraHMYECKUX MaTEepPHAJIOB BOJOKHHUCTOW CTPYKTYPHI, B YACTHOCTH XJIOIKA CBHIPIIA M €ro CTeONeld W MEeXaHW3M
(unpTpanmonHoi cymku. [To pesynbraTaM UCCICIOBAaHHUN YCTAHOBJIEH MEXaHW3M (UITPAIMOHHONW CYIIKH CIIOS
XJIOTIKA-CHIPIAa M €ro CTeOJIeH M CYIIeCTBOBAHUE MEPUOJa MOITHOTO M YaCTHYHOTO HACHIIICHHUS TEIUIOBOTO arcHTa.
DKCHNEPUMEHTAIBHO OIPE/ENICHbl YCPEAHECHHbIC 3HAYCHHs TEMIEePaTyphl TEIJIOBOIO areHTa Ha BBIXOAE M3 CIOS
CYXOro XIIOIIKa-ChIpIla M ero creOieil, mpu pasHbIX TeMIeparypax TEeIUIOBOrO areHta, KOTopas W3MeHsIach B
npenenax: 40 — 60 °C, u npu pasIMUHBIX CKOPOCTSIX JBIKEHHS TEIMIOBOro areHta ot 0,66 10 2,01 m/c. 3HaueHue
TEMIIEPaTyp TEIUIOBOTO areHTa BBIOPAHO BBHAY OBICTPOTEHHOCTH IMPOIECCa HArpeBa YAaCTHI[ XJIOMKA ChIpLA U €ro
cTeOuieil, ycpeqHeHHbIH pa3Mep KOTOpbIX He mpeBbimiaeT 2 MM. [IpencraBieHHble rpaduyeckue 3aBHCUMOCTH
M3MEHCHHS TEMITEPaTyphl TEIUIOBOTO arcHTa Ha BBIXOJC U3 CIIOS MaTepHaja MO3BOJIIIOT ONPEASIUTh KOIPPHUIIMESHT
TEIUIOOTAA4YH OT TEIIOBOTO areHTa B CyXHe YacTHIIbI XJIOIKa ChIPLA U €ro CTeOJIeH.

st onpenenenust KO3QPHUIUEHTOB TEIJIOOT/AAYN OT TEIJIOBOTO areHTa K CJI0K0 CYyXHX YacTHIL XJIONKA-ChIpLa U
ero credieil mpeIoKeHbl KpUTepHATbHBIC 3aBUCHMOCTH. V3 TpauecKux 3aBUCHMOCTEH MOKHO YCTaHOBHTH, YTO
MOJTYYCHHBIC SKCIICPUMCHTANBHBIC 3HAYCHUS KO3 (QUIMEHTa TEIIOOTAAYH OT TEIUIOBOTO areHTa B CYXHE YaCTHIIBI
XJIOTKA-CHIPIIAa ¥ €r0 CTEeOJICH B 3aBHCHMOCTH OT JCHCTBUTEIBHONH CKOPOCTH (DMIIBTPOBAHUS ANPOKCHMUPYIOTCS
npsMOM  JIMHKEH. YCTAHOBJIEHO, YTO HWHTEHCHU(DHKAIMS Mpollecca TEIo00OMEeHa 3aBHCUT OT POCTa CKOPOCTH
TEIUIOBOTO areHTa, 3TO OOBSCHIETCS TEM, 4TO MpHU OOJbIeH CKOpOCTH (DUIBTPOBAHHS Yepe3 KaHAIbI MEXIY
YacTUIAME TPOQHUIBTPOBBIBACTCSI OOJIbIIIee KOJIUYECTBO TEIIOBOTO areHTa U B CJIOW Marepuaia MocTynaeT 0oJbliee
KOJIMYECTBO TeIula. PacxoieHne TeOpeTHYECKH PACCUUTAHHBIX 3HAYCHHUI OT M IKCIEPHUMEHTAIBHBIX JaHHBIX HE
npebrmaet 14,2%, 9To BIIOTHE MPUEMIIEMO [UIS MPOESKTHBIX PACYETOB HOBOTO CYIIMIBHOTO 000pYIOBAHHS.

KiroueBble c10Ba: BOJOKHO XJIONKA, TEIUIOOOMEH, MacCOOOMEH, THAPOIMHAMUKA, (PUIBTPAIIMOHHAS CYIIKA,
MOPUCTOCTh, OPraHMYECKUE MATEPUAIIbI BOJIOKHUCTOW CTPYKTYPHI.
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N3YUYEHHUE BEHIECTBEHHOI'O COCTABA IIPOBbI
MAPI'AHEIHHCOAEPXKXALIEA PYAbl MECTOPOXKIEHUS
«KAPAMOJIA»

AnHoTanus. B maHHOW paboTe HM3YYeHBI BENICCTBEHHEBIM cocTaB pyabl MectopoxneHus «Kapamona». Ha
WCCIICIOBAHMS TI0 M3YYCHHIO BEIIECTBEHHOTO COCTaBa MOCTYMWIAa MPo0da MapraHIeBOW PYyIbl MECTOPOXKICHUS
«Kapamona» kpynHocTbio 0-120 mm.

MaprasnmesBass MUHepanu3anus MpoOsl IpeAcTaBIeHa MUHEPAIEHBIMA PSAIaMH TOJHMAHUTA-ITUPOIIIO3UTA U Baja-
NCHJIOMeTaHa. MUHepanbHble BBIIEICHUS TPEICTABIAIOT CO00 KpPUCTAUIMYECKHE 3EMIIMCTON CTPYKTYpPHI H
CMeIlIaHHbIe 00pa30BaHMUS.

Okculibl MapraHiia pacnpocTpaHeHbl MPAKTUYECKU MO Bcel macce mopojbl. [IpencTaBieHbl pacKkpuCTain3o-
BaHHBIMU I'eJICBEIMHA 00Pa30BaHUSMHU, CAXKHCTHIMHU, CKEJICTHBIMUA CTPYKTYPaMHU.

PynHble renu mpoNUTHIBAIOT MOPOAY MO TPEUMHAM, MPOCEYKaM, MMyCTOTaM BBILIEIAYUBaHUS, 110 TIOpaMm, MIoc-
KOCTSIM CIIAHHOCTH WM MPOHUKAIOT MEXIY YCIIyWKaMHU CIIOMCTHIX MHHEPAIOB M O00pa3yrT B Macce MOPOJBI CaMble
pa3HooOpa3Hbie POPMEL: OTENEHBIC IITPUXH, HUTEBUIHBIC TPOCCUKH, IIPOXKILTKU, KAGMKH, TIPOCIONKH, THE3/1a.

3amernaronye pacTBOPbl HOCAT KPEMHHUCTHIN MIIH MapraHI[OBO-KPEMHUCTHIN XapakTep U OKPAIIUBaIOT MOPOaY B
COOTBETCTBYIOIIUH IIBET MUHEPAITbHBIMA MUKPOYACTHIIAMHU: YEPHBIMH — MapraHel], KpaCHBIMHU M PBDKIMH — JKEJIe30.
[Topomoobpasyroriie MUHEpaITBI IPEACTaBICHE B OCHOBHOM KBapIIEM.

OmnpeneneH rpaHyJIOMETPHIECKUH cOCTaB IPOOKI PYyIb, IPOOIEHHO 10 Kiacca MuHycC 2,0+0 MM.

KiroueBble cjioBa: pyaa, MapraHel], MUHEPAJIOTHsl, BEIIECTBEHHBIN COCTAB, TPAHYJIOMETPHUYECKIIA COCTaB.

OcHOBHBIM TOTpebuTENEM — 10 95% MpOM3BOAMMOIO TOBAPHOI'O MapraHila — SBJSETCA depHas
MeTatyprus [1].

[Ipexne Bcero, mMapraser] CIyXHT AeCyIb(dypH3aTOPOM, CIIOCOOHBIM IEPEBOJUTH B LUIAK CEpPY.
Jpyroe BaxxHOEe CBOMCTBO MapraHIila — CIOCOOCTBOBATh 0Opa30BaHUIO KUAKHX [UIIAKOB, YTO MO3BOJISET
OTHENATh MEeTal B KOHIE MJaBkd. He MeHee BaskHOE CBOMCTBO MapraHia — CIHOCOOHOCTH BOCCTAaHAB-
JIMBATh OKHCJIBI JKEJIe3a U CBSI3BIBATh MOYTH BECh HAXOIIIMIICS B paciulaBe KUCIOPO, TEM CaMbIM 3HAYH-
TEJIBHO IOBbINAs (u3uueckue cpoiictBa ctamu. Kpome Toro, mapranern o0najgaer JErHpyOLUIMMU CBOM-
cTBaMH - He3HauuTenbHas (1-2%) ero mpucaaka K CTajdd 3aMETHO IOBBILIACT ee (PU3UUecKHe CBOMCTBa
(KOBKOCTB, TBEPIIOCTh, H3HOCOCTOUKOCTE). MapraHen NpUMeHsETCS TaKkKe NMPH MPOU3BOACTBE CIUIABOB C
IpYTHMH MeTajutlaMd. Tak cIutaB MaHTaHWH, coxepkammii 83% wmemn, 4% wukens u 8-13% wmapranma
o0namaer OONBIIUM 3JIEKTPUYECKUM COMPOTUBICHHEM W IPHUMEHAETCS B 3JIEKTPOTEXHHKE. MeaHo-
MapraHiieBble CIUIaBbl ¢ cofepxkaHueM 4-5% wmapranua NPUMEHSIOTCS AJS HM3TOTOBJIEHHS JiomacTei
TypOuH. Psix MapraHieBbIxX CIUIaBOB MPUMEHSETCS IPU U3TOTOBJICHUH 000pPYIOBAaHUS AJSI XMMHUYECKOHW U
MUIIEBOH MPOMBIIUICHHOCTH [2-5].
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B yepHoO#i MeTanypruu MapraHnel] IpUMEHSETCs IPEUMYLIECTBEHHO B Buae (peppomapranua. Jpyroit
MapraHIeBBIl CIUTaB — CHJIMKOMAapraHel] — MCIOb3YeTCsl KaK KOMILICKCHBIN PACKUCIHUTEh IPU TUIaBKE
MaJOyTIIEPOIUCTOTO M CpemHeyriepoaucToro ¢eppomapranna [6-10]. Meraimudeckuii MapraHell
(95-99% wmapranma) UCIONB3YIOT B OCHOBHOM IIPH BBITUIABKE HEPXKABCIOIMICH M JIPYTHUX CIEIHATbHBIX
cTajiell. 3HAUNTENBHO peke AJIS JIETUPOBAHUS UyT'yHa M CTaJIM MCIIONB3YIOTCS KOHLIEHTPAThl U TOBapHast
MmapranneBas pyga [11-15]. Oxono 10% mapraHna ucnonab3yercs I M3TOTOBJIEHUS CYXHX JJIEKTPH-
yeckux OaTapeil, B CTEKOJBHOM Jeje Uil OOCCIBEUMBAHHWS CTEKJId, B MEIUIMHCKHX IpernapaTrax, B
MUIIEBON npoMbinuieHHOCTH [16-20].

[Ipoba pymsr MmectopoxneHus «Kapamonay npeacTaBiseT 30HY BHIBETPHBAHMS 110 TOJIIE METaMOp-
(hM30BaHHBIX CIIMKATHBIX YEPHOIBETHBIX MapraHerconaepkamux mnopox. IIpoba mpenctaBieHa Kycko-
BBEIM MaTEpHAIOM YEPHOTO IBETa pazMepoM KyckoB 70-120 mm.

C moBepXHOCTH PyAbl MIPEACTABICHH MAPTAHIIEBBIMU IUIsIIaMu. MUHepanbl EPBUYHBIX YA - Opay-
HUT, TAyCMaHUT, MCHEE Pa3BUTHI MAHTAHUT U TICHIIOMENaH, BCTPEYAIOTCS POJOHUAT, OyCTaMHUT, TEMATHT,
MaHraHokanbuuT, Tegpout. lllupoko paseur kBapi. [IpUCYTCTBYIOT Takke MHPHT, B HE3HAUYUTEIHHOM
KOJIMYECTBE — XaJIbKOTUPHUT.

Ha pucynke 1 - npuBeneH o6pasel, COCTaBISAIOMINANA TPOOY pyabI.

Pucynox 1 — Munepaiibsl Maprasua

Cpennee coneprkanue Mapranma 26,0%, sxenesa 0,90-1,71%, docdopa 0,60%, cepwr 0,41%, kBapia
53,20%, ramuoszema 0,44-7,66%, oxucu thtana 0,04-0,16%, uszsectu 1,0-5,72%, cBUHIIA M IIMHKA N0
0,04%.

B mapraHIieBbIX MpoKIIIKaxX HAOIOMAI0TCS BKPAIUICHUS 3epeH mupuTta pazmMepom ot 0,1 Mmm u 1,5 Mm
(npeobmnanator 0,25-0,6 MM) U THe31a MapraHIeBBIX MUHEpaJoB BenuunHOH 2,0-5,0 MM, MpuypoYeHHbIE K
00JacTsM pa3ayBoOB U pacTpeckuBaHui. OKCHIIbI MapTaHIla pacIPOCTPAHEHBI MTPAKTUYCSCKH 110 BCEH Macce
TTOPOBI, IPEICTABICHBI PACKPHUCTAINTN30BAHHBIME T€JICBBIMH 00Pa30BaHUSIMH, CAYKUCTHIMH, CKEIICTHBIMH
CTPYKTypaMHu.

HenocpencTBeHHO B Macce pyI0BMEMIAIOIIEH TOJIIY MPUCYTCTBYIOT OTACIbHBIC aMOp(HEIC BKparuie-
HUSl MapraHIeBbIX MUHEPAJIOB U Cylb(UIoB >kene3a (muput). BenmunHa BkparuieHHHKOB OT 1,0-2,0 MM
1o 0,01 mMm, mpeoOmamarot 0,05-0,13 mm.

Oxosio 9,0% OT OKCHIOB MapraHiia B Ipo0Oe MPUXOIUTCS Ha KPUCTAIUTMYSCKH-3EPHUCTBIC COCIH-
HeHus, 15,0% — Ha 3eMIucTbIe CTPYKTYpHI, a 12,0% cOCTaBIAIOT MPUMA3KU U HAJIETHI.

B Beimenennsax BemwuwmHoW 0,001-0,002 MM 1O TpaHWIIaM OKCHAOB HAOMIONAINCHh CIAHUIHBIC
TOUCYHBIC BBIJCIICHUS KyTIPUTA.

W3 tabmuuer 1 cnemyer, 4To MpH IPOOJICHUM HCXOIHOW PyIbl KPyHHOCTHIO 120 MM J0 MUHYC
2,0+0 mm 73,03% npencrasien kimaccom muHyc 2,0+0,2 MM, 26,97% - kmaccom muayc 0,2+0 MM.

OCHOBHBIC KaITUTAJIbHBIC M DKCILTyaTallAOHHBIC 3aTpaThl Ha 00OTATUTENBHBIX (paOpHUKax CBS3aHBI C
nporeccaMu ApoOJICHUS W HM3MENbYCHUS. | JTaBHBIMM XapaKTEPUCTUKAMHU, Ha OCHOBAHUU KOTOPBIX
PacCUUTHIBAIOTCS MapaMeTphl (pa3Mephbl, MOIIHOCTh) MPOMBIIIJICHHBIX IPOOUIIOK SIBISIOTCA IPEaeibl
MIPOYHOCTH PYJIBI, a TAK)KE WHIEKCH TPOOUMOCTH, OTIpeAesIeMbIe TI0 MeToauke boma.
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Tabnuua 1 — Pe3ynpTaThl rpaHyIOMETPHUECKOTO COCTaBa MIPOOBI Py A

KpymnHocTs ki1acca, MM Beixon, %

-2+1 27,04

-1+0,5 20,27
-0,5+0,2 25,72
-0,2+0,1 5,97
-0,1+0,071 3,81
-0,071+0,044 5,23
-0,044+0,030 2,22
-0,030+0 9,74

Hroro 100,0

ITo meTonuke boHma APOOUMOCTH M U3MENBYAEMOCTh XapaKTEPU3YETCs «HHIIEKCOM YHCTOW padOThD»
Wi (kBT-9/T), TO €CTh KOJIMYECTBOM 3JICKTPOIHEPTHH HEOOXOMUMOM ISl APOOJICHUS OTHON TOHHBI PYIBI
JI0 ONPENIeICHHON KPYITHOCTH.

C yd4eTroM NOJyueHHBIX 3HAYCHUN «HHJIEKCOB YHCTOM pabOThD» OMpEACNsAeTCs cXeMa PYIOIOAro-
TOBKH U TIPOU3BOUTCS BEIOOP JPOOHIBHO-U3MENBUUTENILHOTO 000PYA0BaHUS.

Jns onpeneneHus kKodpduIMeHTa «IUCTOW paboTe» Npu apobieHuu (WHIAEKC boHma) mpoBemeH
CUTOBOI aHamM3 MpoObI HCXOTHOU Pybl B KonmdecTBe 81,6 kr. [1o mmpuHe pa3rpy309HOi MIETH BBIICICH
KJIacc 25 MM.

WHaekc «uuctoit padboTh» onpeaessics mo Gopmyne bonna:

F
10 xWix| [582—1
(N3 — Nxx) _ ! ( Pgo )

Q T

rae N3 — MOITHOCTb, TOTpedIIIeMast JpoOIKoi Tipu apoosieann, KBT; Ny, — MOITHOCTH XOJIOCTOTO X044
Ipobunku, KBT; Q — mpon3BOANTENBHOCT APOOMIKH, T/4; W; — HHIEKC «YHCTOW paboThD» ApoOeHus,
kBrumim’/T; Fyg, Pgy — pasMepsl KBaIpaTHBIX OTBEPCTHIL CUT, uepe3 KOTOPEIE IPOXOIHT 80% COOTBETCT-
BEHHO MCXOIHOTO MUTAHUS U Pa3rpy3Ku APOOUITKH, MKM.

OmnbIT 10 onpezeneHu0 Ko GuIueHTa «9ucToil padoTe npooawics Ha apodunke HIJAC — 2,5x4,
Ha KOTOpo# yctaHoBJeH apurarenb AOII 2 — 72 ¢ TeXHUUECKUMH XapaKTePUCTHKAMU:

— MOIIHOCTHIO - 22 kBT;

—cosa-0,77;

-U-380V.

s onpeneneHuss MOITHOCTH XOJIOCTOT'O XO0Ja MPOM3BEACH 3aMep TOKa XOJIOCTOTO XOja MPHOOpPOM
1] 4505M, Ix« = 28,7A.

B Tabnuue 2 u 3 npuBeAeHbI TPaHyJIOMETpUYECKasl XapaKTePUCTHKA UCXOTHON B APOOIICHOH Py /IbL.

Ta6muua 2 - ['panynomeTpudeckas XapaKTepUCTUKA UCXOIHOM pyIbl

BsIxoz Ki1accoB, ocTaBLIMXCS Ha CUTE, Yo .
CyMMapHblii BBIXOZ KJIACCOB,
Pasmep cura, Mm o
. R MPOLIEANINX Yepe3 CUTO, %o
YaCTHBIH CYMMapHblii
120 - - 100,0
80 67,15 67,15 32,85
45 22,55 89,70 10,30
30 6,13 95,83 4,17
25 4,17 100,0 -
Urtoro 100,0 - -
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Tabnuua 3 - I'panynoMeTprdeckas XapaKTepUCTHKA APOOICHOM Py bl

Brixon kiaccoB, ocTaBIIMXCS Ha cUTe, % CyMMapHBId BBIXOJ KJIACCOB,
Pa3zmep cura, MM = — 0
YaCTHBIN CYyMMapHBbIit MPOIIEANINX Yepe3 CUTo, %
25 - - 100,0
20 7,05 7,05 92,95
12 24,94 31,99 68,01
6 28,98 60,97 39,03
3 15,38 76,35 23,65
0,5 15,63 91,98 8,02
-0,5 8,02 100,0 -
Htoro 100,0 - -

Tabnuua 4 - [TokazaTtenu ApoOICHUS TPOOHI Py OB

HanmenoBanue nokasaresnei Enununa nzmepenus 3HaueHUst
[IpousBoauTeNnbHOCTh, Q T/4 3,58
MormHoCTh, moTpedisiemMas npu apodieHny, N kBt 16,81
MOIIHOCTH X0JIOCTOr0 X01a, Ny kBT 14,53
Fgo — pa3mepsI oTBepcTHii CUTA, Yepe3 KoTopsie mpoxoaut 80 % MKM 108000
HCXOTHOTO MPOIYKTa
Pgo — pa3meps! oTBepcTuil cuta, yepes koropble poxoaut 80 % MKM 15500
JPOOJICHOTO MPOAYKTA
Unnexc bouna kBT1-u/T MEM" 12,76

B Tabnuue 4 npuBeaeHsl OKa3aTeNn APOOIeHNUs, onpeaeacHHbIe o MeTony bonna. Tect Ha U3Menb-
4aeMOCThb PyAbl 10 MeToAMKe boHaa ciaykut i onpeneneHus B 1a00paTOpHBIX YCIOBHSIX MOKa3aTeseH,
Ha OCHOBaHMHU KOTOPBIX MOXKHO paccUMTaTh apaMeTps! (pa3Mephl, MOIIHOCTh) IPOMBIIIJICHHON HIapOBOM
MENBHULIBI JUIS W3MEJIbUCHUS JaHHOW pyIbpl Ha oOoratutenbHou (adpuke. [lo meroauke Bonma
M3MENbYaeMOCTh XapaKTepU3yeTcsl «MHACKCOM YuCcToi paboTey BWi. MHaekc uucroit pabotsl mo bonny
OIpeNesICs MO PEe3yibTaTaM MOKPOTO H3MENbYEHHs HCCIEeNLyeMOW pylbsl B J1a0OpaTOPHOM HIApOBOM
MEJIbHULIE.

Ha cpenneii npobe OblH onpeiesieHbl IIOTHOCTH MPOOBI U €€ TPaHyJIOMETPUIECKasi XapaKTepUCTHKA.

UccnenoBanrss M3MeNb4aeMOCTH HNPOBOAMIM HAa MpoOe pyIbl, APOOIEHHOH A0 KPYIMHOCTH MHHYC
2,0+0 MM B mrapoBoi MenbHune THma MJI-40 o6bemom 9,0 aM’, o6IIuMii Bec MIApOBOil 3arpy3KH COCTAB-
nset 9,83 kr, anameTpsl mapoB oT 16 10 40 MM.

OTceB U3MEIBUYEHHOTO NPOAYKTa MpoBoAMIn Ha cute ¢ stuerikamu 0,071 x 0,071 MM, 3aTeM MPOIYKT
+ 0,071 MM cymwiM, B3BEIIMBAJIM M MO PAa3HOCTH C TEPBOHAYAIbHOW HABECKOW OMpENessyii BBIXO]
knacca muayc 0,071 M.

[IpomomkUTENbHOCT W3MENBYCHUS] H3MepsAiach KOJIMYECTBOM OOOpPOTOB BpalleHHs Oapabana
MenbHAIBL YacToTa BpameHus GapaGana 70 mum'. Ilocie cTaGuimM3aliy mokasateseil H3MeIbueHHS
OTIPEAETISUIN TPAaHYJIOMETPUUYECKYIO XapaKTePUCTUKY UCXOIHOTO U TOTOBOTO MPOAYKTOB (Tabmuma 5).

Tabmuua 5 - I'panynoMeTpudeckas XapakKTepPUCTHKA HCXOIHOTO M TOTOBOTO MPOAYKTOB H3MENIbUSHUS

Hcexonauslit npoyKT I'oTOBBIN NPOIYKT
BBIXOJ KJIACCOB, OCTABIINXCS Ha cHTe, Y% CyMMapHBIH BBIXOJI KJIACCOB, OCTABIINXCS CyMMapHbIi
Pazmep ’ ’ BBIXOJ] KJIACCOB, Ha cute, % BBIXOJ] KJIACCOB,
CHTa, MM . . MPOIEANINX . . MPOIIEIIAX
YaCTHBII CyMMapHBIH aepes curo, % YaCTHBII CyMMAapHBIH wepes curo, %
2,0 - - 100,0
1,0 27,04 27,04 72,96
0,50 20,27 47,31 52,69
0,20 25,72 73,03 26,97
0,10 5,97 79,00 21,00
0,071 3,81 82,81 17,19 - - 100,0
0,040 5,23 88,24 11,96 45,05 45,05 54,95
0,030 2,22 90,26 9,74 13,91 58,96 41,04
- 0,030 9,74 100,0 - 41,04 100,0 -
Wroro 100,0 - - 100,0 - -
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UH/IeKe YiCTOit paboThl N3MENbUCHHS B IIAPOBO# MebHHIE 10 BoHTy onpeensiics o Gopmyie:
Ex\/F, KBT u
Wiwi.uzm. = 0 MEM ™
F T
10x| [-3¢ —1
Fy

B Tabnume 6 npuBeneHBl TOKa3aTelld W3MeETIbUeHHS NTpoObI PyABl B NIAPOBOH MeENbHUIIE B
MEPUOTUIECKU 3aMKHYTOM ITUKJIIE C IUPKYIUpPYIOMEel Harpy3kon 255%.

Tabnuua 6 - [Toxazareny nu3mMenbYeHus MpoOsl Py bl

. Enuanna 3HavyeHus
HaunmenoBanue nokasareneit
H3MEpEHUsI
[IpousBoauTenbHOCTh, Q T/4 0,00215
MoiHocTs, noTpedisieMast Ipy u3MenpyeHud, N kBt 0,320
MOIIHOCTB XOJIOCTOTO X07Ia MEIBHHUIIBI 0€3 U3Mebuaroeit cpepl, Ny ¢ kBT 0,266
Y aenpHBIN pacxof 3neKTpodHepruu, E kBru/T 25,12
[upkynsimonHas Harpyska, C % 255
Fgo — pa3smepsl oTBepcTuil cut, uepes KoTopsle npoxoauT 80 % MCXOJHOro NPOAyKTa MKM 1250
Pgo — pa3mepsl oTBepeTHil cUT, uepe3 KoTopble Mpoxo Ut 80 % roToBoro NpoayKra MKM 57
HU3MeJIbYEHUS
Unnexc bouna kBT-u/T-MrkM" 24,11

Ha ocHoBaHumm mpoBeneHHON padOTHI MONyYEHBI PEe3yJIbTaThl MHHEPAIOTHUYECKONW XapaKTepUCTHKH
MapraHueBou pyasl MmectopoxaeHusa «Kapamonay.

MapraniieBasi MUHepaau3alys Mpoobl MpeACcTaBIcHa MUHEPAIbHBIMU PSAAaMH TOJTHAHUTA-TTHPOITIO-
3UTa W BaJa-TicujoMelana. MuHepanbHbIE BBIIEICHUS MPEICTABISIOT COO0H KPUCTAIUTMYECKUE 3EMIIHC-
TOH CTPYKTYpPHI M CMEIIaHHBIE 00pa30BaHUsI.

3aMenraIme pacTBOPHl HOCAT KPEMHHCTHI WM MapraHIIOBO-KPEMHHUCTHIA XapakTep M OKpalllu-
BaIOT MOPOJY B COOTBETCTBYIOLIUMN LIBET MUHEPAIbHBIMA MHUKPOUACTUIAMU: YEPHBIMH — Mapraseil,
KpPacHBIMH M PEDKHMH — jkeJie30. IlopomooOpasyromirne MUHEPAITB MPEACTABICHB B OCHOBHOM KBapIIEM.

- uaaekce bouna npu npoGnenuu - 12,76 kBr-u/t MKMO’S;

- uHaeke boHna maposoro u3menvuenus - 24,11 kBr-u/t MEM™,

BaarogapuocTu. PaboTa BEITIOMHEHA B paMKax TOCYAapCTBEHHOTO 3aka3a Ha peaanu3alniio HayIHOTO
U (WIM) HAyYHO-TEXHUYCCKOTO MPOCKTa MO OKJKETHOH mporpamMmme MUHHCTEPCTBOM 0O0pa3oBaHHS U
Hayku Pecrryomku Kazaxcran (AP08052565).

A.B. Maxan6eros’, .M. JIu?, T.9. T'aunos’, B.9. Mblp3a6elc033

«Alcorlabs» XIIIC, Anmatsl, Kazakcran;
«Kazmexanoop» MOSFOE KP MIIIKKO ¥O» PMK ¢unmanst Anmatsl, Kazakcran;
«J1.B. Cokonbckuii aTbIHIAFE JKaHapMaii, KaTalmu3 jKoHe dJIeKTpoxuMus HHCTUTYTEDy AK, Anmvatel, Kazakcran

«KAPAMOJIA» KEH OPHBIHBIH MAPI'AHEIl KYPAM/IbI
KEH YJIIT'VIEPIHIH 3ATTBIK KYPAMBIH 3EPTTEY

Annoranus. Xywmeicra «Kapamosa» keH OpHbI MapraHell KeHiHiH MaTepualblK KypaMbl 3epTrenai. KeHHiH
MaTepHAIIBIK KypaMblH aHbIKTay yiniH «Kapamona» keH opHbl mapraHen keHiHiH 0-120 MM ipi yJarici aibIHIBL
YuriHiH MapraHenti MUHEpaJJaHybl IOJMAHUTTI-ITUPOJIFO3UTTI JKOHE Baja-TICUIIOMENaH/Ibl MHHEPAABIK KaTap
OolipiHma TapanraH. MuHepanabl OeJliHIC KpPHCTaJbl >Kep KYpBUIBIMIBI JKOHE apajac TY3UIIMII KepceTeni.
Mapraner okCHATEpi )KBIHBICTBIH OYKiJI MaccacklHa TapainraH. Ojap KpUCTaIAaHFAH TeIbIiK TY31IIM, KOIICBHITKBIII,
KaHKaJIBIK KYPBUIBIMAAP aPKbUIbl YCHIHBUIFaH.

Kenni renp Tay >KbIHBICHIH JKapbIK, OMBIK, MaiiManay KybICHl, KEyeK, aare3us *Ka3bIKTHIFBl OOHBIMEH CiHmipemi
JKoHE KabaTThl MUHepangapAbl KaOBIPIIAKTap apachblHa CHIIl, Tay JKBIHBICHI MAacCACBIHAA JKEKE COKKBI, XKII Topi3mi
OMBIK, TAMBIP, KHEK, KadaT, Y5 CBIHABI TYPIi (hopMasiapIsl Kypaiibl.
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AYVBICTBIpY epiTiHAiIepi TabuFaTTa KPEMHHUIII HEMece MapraHell-KPeMHHUIT JKOHe MHHEPAIIb MIUKPOOOIIIeK-
TEepMEH ColKec TYCKe, aTall aliTKaHAa, Kapa-MapraHel, KbI3bUI JKOHE KbI3bUI-TeMipre OosuiraH. Tay KBIHBICTApBIH
KypalTBIH MUHEpaJIIap HEeTi31HEeH KBapIl HEeTi31HAe YCHIHBUFaH.

Mumnyc 2,0+0 MM KJ1acka JeliH YHTaKTaJIFaH KeH CBIHAMACBIHBIH TPAaHyJIOMETPUSIIBIK KypaMbl aHBIKTAIIbL.

Tyiiin ce3aep: KeH, MapraHen, MUHEpalaHy, MaTepPUaJLIBIK KypaM, TpaHyIaMeTPUsUIBIK KypaM.

A.B. Makhanbetov', E.M. Li’, T.E. Gaipov', B.E. Myrzabekov’

' LLP “Arcorlabs” Almaty, Republic of Kazakhstan;
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STUDY OF THE MATERIAL COMPOSITION OF THE SAMPLE
MANGANESE-CONTAINING ORE DEPOSITS “KARAMOLA”

Abstract. In this work, the material composition of the ore of the Karamola Deposit is studied. A sample of
manganese ore from the Karamola Deposit with a size of 0-120 mm was received for research on the material
composition.

The manganese mineralization of the sample is represented by the mineral series polyanite-pyrolusite and
WADA-psilomelane. Mineral secretions are crystalline earthy structures and mixed formations.

Manganese oxides are distributed almost throughout the entire mass of the rock. They are represented by
crystallized gel formations, soot, and skeletal structures.

Ore gels permeate the rock through cracks, cleavages, leaching voids, pores, cleavage planes and penetrate
between the scales of layered minerals and form a variety of forms in the mass of the rock: individual strokes, thread-
like cuts, veins, edges, layers, nests.

Replacement solutions are siliceous or manganese-siliceous in nature and color the rock in the corresponding
color with mineral microparticles: black — manganese, red and red — iron. Rock-forming minerals are mainly
represented by quartz.

The granulometric composition of an ore sample crushed to the minus 2.0+0 mm class was determined.

Key words. Ore, manganese, mineralogy, material composition, granulometric composition.
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SELECTIVE EXTRACTION OF GOLD (IIT) BY INERT ORGANIC
SOLVENTS AND DETERMINATION OF ITS METHYLENE BLUE (MB)
DIRECTLY IN THE ORGANIC PHASE

Abstract. A new highly selective, accelerated and simple extraction photometric method for determining gold
with MB directly in the organic phase has been elaborated. The developed method is tested on the analysis of
production solutions of hydrometallurgical plants, concentrates and rocks without separation of accompanying
elements. The developed method of extraction-photometric determination of gold with MB is recommended for the
analysis of industrial solutions, waste water, ores, concentrates, rocks and other materials complex in terms of
chemical composition without separation of the accompanying elements directly in the organic phase.

Key words: photometric method, gold, complex compounds, chloroform, gold extraction.

Introduction. Existing photometric and extraction-photometric methods for the determination of gold
(IIT) for the use of organic dyes [1,2,3,4] are not very selective. Only a few works we can see investigates
about minerals and receiving concentrates for extraction chloride of metal ions [5]. The results of the
leaching of the tailings from the heap leaching section with the aim of extracting gold associated with
sulfides are presented [6,7].Since the complexation of gold (III) with organic reagents happens during the
water phase, the resulting ions often form complex colored compounds and conflict with the definition of
gold. In the work [8] given general information on the chemical composition of ash and slag wastes and
the content of valuable components of the most developed and used deposits in Kazakhstan and attractive
from the point of view of extracting valuable materials from them.

Recently for increase of selectivity of methods for determination of elements a new method is applied
- selective extraction of colorless complexes of elements by inert organic solvents, with the subsequent
addition to the extract of organic dyes and their complexation directly in the organic phase [9,10].

This paper discusses a new selective, simple method based on selective extraction of gold chloride
complex (IIT) with inert organic solvents and its complexation with MB directly in the organic phase.

Source solution of gold (III) with a concentration of 1MB/ml was prepared from the salt of chloride
gold. Titer of solution was set by potentiometric titration with Mora salt [11]. Aqueous solution of MB
was used.

The spectra of extracts of gold (III) and reagent complexes were shot on SP-26 spectrophotometer,
=1 see. Optical density of the solution was measured on the photoelectric colorimeter KPC-2.
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Experiments have shown that gold (III) from highly acidic solutions in the presence of chloride ions and
dimethylformamide (DMFA) is well extracted by chloroform. In the absence of DMFA, gold (III) is not
extracted. The study of gold extraction (III) by chloroform depending on the concentration of hydrogen
ions, chloride ions and DMFA showed that the optimal conditions for gold extraction (III) are: 0.50 - 6.0 g
ion/l for hydrogen ions; 0.06 - 2.5 g ion/l for chloride ions and 13 - 26 % (by volume) for DMFA, shaking
duration of phases 5 - 10 s. At equal volumes of aqueous and organic phases extraction of gold (III) at a
single extraction is 99.9 % and does not change to a ratio of 20:1 phase volume [12].

In these optimum conditions, the composition of the extractable gold chloride complex (III) by the
equilibrium shift method has been determined [13]. For this purpose, the dependence of gold extraction
(IIT) on concentration was studied: 1) hydrogen ions (0.030 - 0.96 g ion/l) at constant concentrations of
chloride ions (1.0 g ion/l), DMFA (20%) and ionic force (u = 1) created by adding NaCl solution;
2) chloride ions (0.01 - 0.34 g ion/l), at constant concentrations of hydrogen ions (1.0 g ion/l), DMFA
(20%) and ionic strength (p=1); 3) DMFA (5 - 13%), at constant concentrations of hydrogen ions
(1.0 g ion/1), chloride ions (1.0 g ion/l) and ionic strength (p=1).

The concentration of gold (III) in the extract was determined by the photometric method with the MB
reagent. For this purpose, an aqueous solution of MB was added to the extract and the phases in the
organic phase were shaken. The resulting colored gold complex (III) with MB was photometrically
photometrical relative to the blank experience extract prepared in a similar way. The data obtained are
given in tables 1 - 3 and Figures 1 - 3, shows that in bilogorithmic coordinates £gD,,, — €gCy, gD 4y —
£gCci— , gDy — €9gCpyra DMFA (where D is the distribution coefficient, C is the equilibrium
concentration, moths) there is a straight-line dependence with tangent angles of straight lines equal to
1,4,3 respectively. Consequently, gold (III) is extracted by chloroform in the form of HAuCly; the solvate
number HAuCl, in the extract is 3 [14].

Table 1 - Determination of the number of H'-ions involved in the extraction
of gold by chloroform. A,;,=0,57; C»,=0,91-10°m

C .+, mol A D gD -0gC,+
0.015 0,340 1,100 0,040 1,820
0,030 0,400 2,350 0,372 1,580
0,60 0,470 4,700 0,671 1,320
0,119 0,510 8,500 0,930 0,919
0,340 0,540 18,000 1,360 0,630
0,260 0,550 27,500 1,440 0,440
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Figure 1 - Determination of molar ratios of Au: Figure 2 - Determination of molar Au:

H' - ions by the equilibrium shift method during CI ratios by the equilibrium shift method during
chloroform extraction, V=10 ml £ =1 cm chloroform extraction, Vo=10ml { =1 cm
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Table 2 - Determination of the number of chloride ions involved
in the extraction of gold by chloroform. A;,=0,57; C A=0,91-10" m

Ccy, mol A D LgD -0gCqL
0,015 0,080 0,160 0,790 1,819
0,019 0,180 0,450 0,350 1,690
0,035 0,260 0,810 0,090 1,600
0,030 0,360 1,630 0,310 1,530
0,035 0,419 2,630 0,419 1,450
0,040 0,500 6,250 0,790 1,390
0,045 0,540 13,500 1,130 1,340
0,050 0,560 38,000 1,440 1,260

Tab6muna 3 - Determination of the number of DMFA molecules involved
in the extraction of gold by chloroform. A,,=0,57; Cpu=0,91-10"m

Comra’, mol A D tgb -£9Comra
0,519 0,135 0,310 - 0,508 0,285
0,789 0,280 0,960 -0,0177 0,103
0,909 0,340 1,480 0,170 0,040
1,039 0,390 3,160 0,499 -0,016
1,169 0,440 3,380 0,530 -0,067
1,300 0,480 5,300 0,724 0,113
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Figure 3 - Determination of Au: DMFA molar ratios by the Figure 4 - Determination of the composition of the gold
equilibrium shift method during chloroform extraction complex with MB method of balance shift

To fully identify the mechanism of extraction of gold (III) studied the number of hydrated water
molecules in the extract. For this purpose, 10 ml of a mixture containing 1 M HCI and 20% DMFA, 10 ml
of chloroform and shaking for 5 - 10 seconds was added to 5 MB of gold (III). A blank solution without
gold was prepared in a similar way (III). After complete separation of the aqueous phase extract, the
extracts were poured into dry cylinders with grated plugs. Determination of water was carried out by the
Fisher method [15] by amperometry titration. For this purpose, Fischer reagent from micro burette was
poured to 1 ml of the test extract taken by the dispenser, the titer of which was determined in advance by
water suspension. Under the action of the Fisher reagent the arrow of the galvanometer was shifted
towards the current increase and set constant at the end of titration. Knowing the Fisher reagent titer
(T=0.0018 g/ml), the water content was determined by formula: g,,,,= T-V, (where V - is the volume of
Fisher's reagent that went on hydrated water titration (V=0.101 ml), T - is the Fisher's reagent titer). The
amount of hydrated water in chloroform extraction: g,,, = 0,0018 - 0,101 = 0,0001818 gr/ml = 0,1818
gr/l.

Given that the titration of the taken 5 MB of gold (III) and the volume of chloroform 10 ml we cal-

01818 0,5 35,7964
culate the number of hydrated water molecules: nH20=g"2° Gau : = = 3,9777 = 4.
Muzo  Aau 18 1969 9
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Consequently, during the extraction of gold (IIT) chloroform hydrate 4 water molecules. Considering
this, the mechanism of extraction of gold (III) can be represented by an equation: AuCly )+ H(H,0)s + 3
DMFA(8) S [H(H,0)s (DMFA);]" [AuCLy] ")

Therefore, the gold chloride complex (III) in the presence of DMFA is extracted by the chloroform
for the hydro-solvate mechanism [16].

After extraction of gold (III) chloroform in optimal conditions, separation of the aqueous phase of the
addition to the extract of aqueous solution of MB and shaking phases for 10-15 seconds is complexing
gold (III) with MB in the organic phase. The study showed that almost complete complex formation of
gold (IIT) with MB in the chloroform occurs in the pH = 6-10 range. The stability of the gold (III) extract
has been studied depending on the volume of MB aqueous solution. It is found that the chloroform extract
of gold (III) is stable to the ratio of water and organic phases of 1.5:1.0. Gold complex (III) with MB in
the organic phase is stable for more than 3 days.

The influence of MB concentration on the completeness of gold complexation has been studied (III).
For this purpose, to a constant amount of gold (III), after extraction in optimal conditions, added an
increasing amount of MB and photometric. Experimental data showed that the full complex formation of
gold (III) is achieved at 18-fold molar excess of MB (table 4 and figure 4).

Table 4 - Determination of the equilibrium composition
of the gold complex with MB method of balance shift. C,, =7,65 - 10 m, Ayp=0,52

Cyp, M°107 A D (gD [kompl]M-10° [MB] M-10° -tg [MB]
1,357 0,430 4,777 0,679 6,319 7,255 5,140
1,630 0,440 5,500 0,740 6,470 9,819 5,010
1,900 0,450 6,419 0,808 6,619 13,385 4910
2,172 0,460 7,619 0,880 6,760 14,950 4,819
3,358 0,480 12,000 1,079 7,060 25,530 4,600
4,344 0,500 25,000 1,297 7,360 36,085 4,450

The absorption spectra of gold (III) complexes with MB and reagent MB are shown in figure 5.
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Figure 5 - Absorption spectra of gold complexes (III) with MB (Row1)
and MB reagent (Row2) in chloroform (Ca, =0,51 - 10° M; V=10 ml; { =lcm)

As can be seen from figure 5, the maximum light absorption of the complex with MB (Row1) is at
650 nm. The molar repayment ratio of the complex is 1.22:105. The Ber law is observed in the interval of
1-120 pg of gold (III) in 10 ml of the extract. Reproducibility of definitions is in the range of 2-5%. There
are three graded charts in the intervals of 10 - 10, 10 - 60, 60 - 120 pg of gold. Optical density of
complexes was measured in cuvettes with thickness of 20, 10, 3 mm.

The determination of molar ratios of the components in the resulting gold (I1I) and MB complexes
was carried out by the equilibrium shift method [8]. To determine the composition of the gold (III)
complex with MB to chloroform extract containing a constant amount of gold (III) (1,326 - 10-5 M,
Ay, = 0,7) were added 10 ml from 1,359 - 10-5 to 24,403 - 10-5 M aqueous solution of MB in the
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chloroform and shaken the phases 10-15 sec. The resulting painted gold complex (III) with MB was
photometrically photometrical relative to the blank solution prepared in a similar way with the same
amounts of reagent. From the tabular data (Table 4) we made a graph of dependence of £gD on -{g[MB]
(figure 4).

The tangent angle of the straight line on the graph shows that gold (III) in the chloroform interacts in
a molar ratio of 1:1. Considering the mechanism of extraction of gold chloride complex (III) and the
composition of complex compounds with MB, the reaction of complexation of gold (III) with the MB
reagent in the organic phase can be presented in the following scheme: [H (H,0); (DMFA);]" [AuCly] ) +
PCl;) 2@ PAuCly+ 3DMFA + HCI1 + H,O. Where the P - is the MB cation.

Methods for determining gold in pure solutions. The dividing funnel is filled with the analyzed
solution containing 1.0-120 pg of gold (III), 1 ml of concentrated hydrochloric acid is added to the
dividing funnel and the volume of the solution is brought to 8 ml with water, 2 ml of DMFA, 10 ml of
chloroform is added and 5-10 s are shaken. The extract is washed with 10 ml of solution containing 1 M
HCI and 20% DMFA, and 5-10 s are shaken. Then add 10 ml of 0.010% aqueous solution of MB to the
extract and shake 10-15 sec. The resulting colored complex is filtered through filter paper into a cuvette
and measured the optical density relative to the blank extract.

In industrial samples and minerals, gold is found in mixtures with many elements. In order to identify
the possibility of determining gold from complex chemical samples was studied the influence of foreign
ions in determining gold with MB. The method for determining gold in the presence of foreign ions is the
same as for determining it in pure solutions, with the only difference being that certain amounts of foreign
ions or compounds are preliminarily added to the determined solution and in some cases, if necessary,
masking agents are added and the extract is washed once with a washing solution containing HCI and
DMFA.

Under conditions of extraction of gold (III) partially extracted thallium ions (III) and antimony (V)
and interfered with the definition. However, thallium (III) in chloroform extract with MB in the medium
of 0.05 - 0.5 M of borax does not form a colored complex compound and its 5000-fold amount does not
interfere with the definition of gold. In the presence of tungsten to prevent the deposition of tungsten acid
and to eliminate the interfering effects of antimony (V) previously added 0.01 - 0.5 g tartaric acid. Data on
the definition of gold in the presence of foreign ions are given in table 5 with a relative error within 2-5%.

Table 5 - Determination of gold (III) with MB in the presence
of foreign ions (10 pg gold was taken)

M M/Au M M/Au M M/Au M M/Au
Ag () 2000 Mn (1) 100000 Cr (1T 20000 W (VD) 2000°
Ag () 15000 Cd (1) 80000 Ti (IV) 15000 Mo (VI) 15000
Pb (II) 2000 Hg (1) 10000 Sn (IV) 50000 Te (VI) 30000
Pb (1) 20000° Bi (II) 20000 Th (IV) 22000 Mn (VII) 1000
Zn (1) 50000 Fe (11I) 30000 Pt(IV) 2000 Os (VIII) 200
Ca (I) 20000 Tu (I11) 15000 Se (IV) 3000 NaF 5000
Ba (II) 20000 Al (TII) 15000 Zr (IV) 15000 NO, 6000
Cu (1) 20000 Ga (11I) 10000 Sb (V) 150 PO,> 2000
Ni (1) 30000 La (II) 20000 Sb (V) 3000 tartaric acid 100000
Co (1) 35000 TI (11T 1000’ As (V) 20000 citric 100000
Pd (II) 2000 T (11I) 5000 U (VD) 10000 acid

Be (II) 2000 TI (1T 10000 W (VD) 150 thionalide 10000

Where M - ion or compound; M/Au - allowable ratio to gold by weight; 1 - in the presence of 100 MB
thionalide; 2 - in the presence of 0.5 g of tartaric acid; 3 - after heating the solution with sludge in a water
bath for 2 - 3 minutes; 4 - when shaking the extract with aqueous solution of MB, containing 0.05 - 0.5
borax.

In order to find out the possibility of determining gold in various objects, we carried out the analysis
of production solutions, (Table 6) concentrates and rocks (table 7).

In determining the gold (III) in the production solutions are taken 1 - 2 ml of aliquot part of the
solution and further analysis is carried out as in the analysis of gold from pure solutions. The gold content
is determined from the calibration chart.
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Table 6 - Determination of gold in production solutions (n =4; p = 0.95)

Content of gold in the Found (%) Sr Ay =2 100
production solution, MB/1 gold, MB/1 X
1,60 1,55 0,0160 + 0,039 +2,50
15,20 15,30 0,0094 + 0,220 + 1,50
45,00 45,50 0,0056 +0,410 + 0,990
101,00 101,60 0,0075 + 1,220 + 1,20
142,50 142,30 0,0094 +2.134 +1,50

To determine the gold (III) in the concentrates and rocks calcined at 600-650° C for 1.5 hours a
canopy (10 - 20 g) is placed in a conical flask for 250 ml, 30-60 ml of a mixture of hydrochloric (p 1.19)
and nitric (p 1.4) acids (3:1) and evaporated to wet salts. Then add 10 - 20 ml of the same mixture of acids
and again evaporate to wet salts, then pour 30 - 40 ml of 1 M HCI and boil for 5 - 10 minutes. Cool the
solution and filter it into a measuring flask for 50 or 100 ml, then dilute the filtrate 1 M HCI to the mark
and determine the gold content from the aliquot of the solution.

Table 7 - Results of gold (III) determination in concentrates and rocks at chloroform extraction (n = 4; p = 0.95)

Sample Contents, Au gr/t Found Au (%), gr/t Sr Ay + AYX -100
Concentrate 50,00 51,20 0,034 +2,780 +5,42
Concentrate 37,50 96,50 0,022 + 1,277 + 3,50
Concentrate 22,00 21,60 0,028 +0,972 +4,50

Breed 8,30 7,60 0,036 + 0,441 + 4,80
Breed 5,60 5,15 0,041 + 0,334 + 6,50

Discussion of results. Therefore, our research allows us to conclude that the low selectivity of
metalloids definitions using basic dyes, as well as the use of other organic reagents in the complex
formation in the aqueous phase is the main disadvantage of existing methods.

Our research has focused on ways to increase the selectivity and sensitivity of photometric
definitions, as these analytical characteristics play an important role in the practice of analytical chemistry.
We have investigated the conditions of selective extraction of the gold chloride complex in the presence of
DMFA inert organic solvents and its determination directly in the organic phase without separation of the
accompanying elements.

Researches have shown that gold (II) from a highly acidic environment is selectively extracted by
chloroform in the presence of chloride ions and DMFA. At 5 - 10 second phase shaking gold (III) is
extracted by 99.9% without changes to the ratio of phase volumes 20:1.

Under these optimal conditions, thallium (III), antimony (V) and tungsten (VI) are partially extracted
together with gold and interfere with the definition. However, thallium, antimony, and tungsten interfere
with the extraction by adding masking agents to the extraction mixture.

The research of substance of extracting gold chloride complex (III) in the extract has shown that the
gold chloride complex (III) is extracted by the hydro-solvate mechanism. Gold chloride complexes (III) in
the extract are stable for a long time and subject to the Beer's law in a wide concentration range. The
method is valuable also by the fact that after the extraction of gold in the organic phase there is a
possibility of forming complexes with more sensitive organic reagents, which due to low selectivity have
not received wide application.

Conclusions. The research resulted in the development of a new highly selective, accelerated and
quick spectrophotometric extraction method for the determination of gold directly in the organic phase. It
has been established that gold (III) is extracted by chloroform from a highly acidic medium in the
presence of chloride ions and DMFA by the hydro-solvate mechanism. The influence of foreign ions that
do not interfere with the definition of gold in large multiples has been studied. The developed method was
tested on the analysis of production solutions, concentrates and rocks without separation of accompanying
elements. The method is easy to perform, highly selective and rapid.

The developed method of extraction-spectrophotometric determination of gold is therefore suggested
for the analysis of industrial solutions, wastewater, concentrates, ores, rocks and other materials with
complex chemical composition without the separation of the corresponding elements directly in the
organic phase.
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AJITBIHJIBI (11IT) ’HEPTTI OPTAHUMKA/IBIK EPITKIIUTEPMEH IPIKTEY
DKCTPAKIUSICHI )KOHE TIKEJIEI OPTAHUKAJIBIK ®A3AJIA
METHJIEH/II KOKIIEH (MT') AHBIKTAY

AnHotanusi. Opranukanbik 00sFbil Kojigany apKeuibl antbid (I1I) aHbikTayAbIH (OTOMETPHSIIBIK XKOHE IKC-
TPaKIUAIBIK-POTOMETPUSIIBIK oficTepi a3 ipikTenred. OpraHukanblK peareHTTepMmer antbiHHBIH (I1I) kemenmi
Ty3inyi cy (hazaceIHIa Xypeni, ’KaHaMa HoHAap OOsUFaH KeHIeH i KOCBUIBIC TY3€/1 KOHE alThIH/BI aHBIKTayFa 0ereT
JKacamgbl.

COHFBI yaKbITTa 3JIEMEHT aHBIKTAY OMIICTEPIHIH CENEKTUBTUIITIH apTTHIPY YIIiH YKaHA TOCLT — HHEPTTI OpraHu-
KaJIBIK epITKIIITepMEH 3JEMEHTTEPAiH Tycci3 KeUIeHIH TaHOall ally 3KCTPAKIIICH KOJNTaHBUIAIBI, OHOA KE3eKTeri
OpTaHMKAJIBIK OOSFBILITAPABI TYHJBIPFBIIIKA KOCY XQHE OJIapZbl TiKeJel OopraHuKajibIK (as3ajga KemeHIi Ty3imici
Kypei.

JKyMbICTa MHEPTTI OpraHMKaIBIK epiTKiuTepi 0ap XoHe Tikened opraHukainslk ¢azaga MIT kemeHxmi Tysy
apkpbuibl anThiHHBIH (I11) X7OpUATI KelIeHIHIH TaHaay bl TYHABIPMAChIHA HETi3/Ie/ITeH j)KaHa CENEKTHBTI, KapanalibiM
9JIiC TalKbUIAHABI.

Anteiaabig, (I11) Oacrankel epiTiHAiCiHIH 1MI/MJI KOHIEHTPALUSCHl aIThIH XJIOPHII TY3bIHAH JailbIHIIANIa/IbL.
Epitinginin tatpi Mop Ty3pIMEH NOTEHIMOMETPHSIBIK TUTpPJEY apKbUIbl OpHaTeDIamel. MIT cy epiTiHzici
koimanbutanel. AnTeiH (III) kemeni >koHe peareHTTep TYHABIPMACHIHBIH crekTpin C®D-26 cnektpodoTomerpe
tycipemi, (=1 cm TteH. Epiringinin ontukanblK ThIFbIBABIFEI KDPK-2 (HOTO3IeKTPOKOIOPUMETPIHIE OJIIICHET].
Toxipube HOTHXKECI KOPCETKEHICH, XJIOpHA-HOHmap xoHe auMeTmindopmamunria (JM®PA) KaTeICysl HeETi3iHIE
KYIITi KBIIKBUIAE! epitiginepaed anteiH (I1I) xmopodopmmen xakcsl TyHObIpUTagsl. JJM®DA OommaraH xarmaiiga
anteiH (II1) TyHOara Tycmeiini. CyTeri noHmapsl, xiopua uoHmap xoue JJM®A KOHIEHTpauusICchiHA OaiaHBICTHI
anteiHabl (1) xmopodopmmen TyHOara Tycipyni 3epTrey *KymbIcTapbl kepcerkenae, anteiH (III) TyHIBIpYRbIH
OHTAIJIBI MApTTaphl: CyTeri noHmaphl OolibiHmIa 0,50-6,0 r-mon/ir; xmopun uoHAapsl OoiibHIma 0,06-2,5 T-HOH/I
xoHe JIM®DA oOoiibiama 13 -26 % (kesiemi Herizinzae), pazanapas! citky y3akTbiFsl — 5-10 c. Cy jxoHe OpraHUKaJbIK
hazamapaeiy Oipaeit keneminae anteid (I11) 6emy Gipperrik TyHABIpYaa 99,9% kypaiiasl xkone 20:1 ¢da3a keneMiHig
apakaThIHACBIHA JAEHIH 03repMei/i.

Kepcerinren oHrailnbl arjaiiia Tene-TeHIIKTI KbUDKBITY oficiMeH TyHAbIpbuiaThiH anteiH (III) xmopunri
KemeH Kypambl aHbIKTanaabl. byn ymria antem (II) TyHABIPMACHIHBIH KOHIIEHTpAIMSIFA TOYENIUIIr 3epTTesemi:
1) xaopua-uonnapsi (1,0 r - non/n), IMDA (20%) typaxTsl KoHueHTpauuschl xxoHe NaCl epiTiHaiciH KOCY apKbLIbl
»KacalaTblH HOH Ky GapeicbiHna cyrteri nongaps (1,0 r-uon/n); 2) cyreri nonnapsi (1,0 r-uon/mn), JIM®DA (20%)
TYpaKTHl KOHIICHTPAIMACH JXoHEe MOH KymIi Oapeiceiaaa xiopuna-uoHnmap (0,01-0,34 r-mon/m); 3) cyreri moHAApHI
(1,0 r-mon/m), xmopun-woHAapeHbH (1,0 T-HOH/IT) TypaKThl KOHIICHTPAIMACH JKOHE MOH Kymmi kesinmeri MDA
(5-13%).

3epTTey HOTWXKECIHIE TiKeNnel OpraHuKaiblK (as3aga anThlH aHBIKTAYJbIH JKaHa >KOFapbl CEJIEKTHBTI,
JKBUIAMIATBUIFaH JKOHE KapanalibiM TYHIBIPMAaIIBI-CIIEKTPO(OTOMETPHSIIBIK 9/1ici a3ipieHeni. Taxxipnde OapbichiHaa
anpikTaFangail, anteia (III) XJI0pUa-HOHBI XOHE TUAPAT-CONBBATTHI MexaHW3M OoiibiHma MDA KaThicybIMEH
KYIITI KBILIKBUIABI OpTazaH xyiopodopMmMmeH TyHOara Tyceni. Kemecenik Mesmiepye aiThlH aHbIKTayFa Oerer
OonmMaiiTeiH Oacka MOHAAp ocepi 3eprreneai. JKacanraH oiic ©HAIPICTIK €piTiHII, KOHLUEHTPAT MOHE >KBIHBICTHI
KOCAJIKbI JJIEMEHTTEpi OenMell Taijgayaa Tekcepuieni. Oic KapamaibiM OpbIHAAY apKbUIbI, KOFapbl Tajaay
OOMBIHIIIA SKCIIPECCHSIMEH €PEKITIeIICHE 1.

Ocpunaifiiia aThIHIBI TYH/BIPY-CIEKTPOPOTOMETPHUSUIIBIK aHBIKTAY HETI31H/IE jKacaFaH o/liC OHIIPICTIK epiTiHIi,
arelHIBl Cy, KOHIEHTpAT, KeH, TiKelel opraHukanblK (a3aga jkaHama 3JIEeMEHTTepli OesiMel MaTepHaniapiblH
XUMUSUTBIK KypaMbl OOMBIHIIIA )KBIHBIC JKoHE 0acKa KypAei Tajiay >kacayra YChIHBIIa bl

Tyiiin ce3aep: GOTOMETPHUSIIBIK 91IiC, ANTHIH, KEMIEHA1 KOCBUIBICTAp, XJIOPO(OpM, TYHIBIPY.
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MN3BUPATEJIBHAS DKCTPAKIIMSA 30JI0TA (III) ”THEPTHBIMHU OPTAHUWYECKUMH
PACTBOPUTEJISIMHU U OIIPENEJIEHUE EI'O METUJIEHOBBIM I'OJIYBbBIM (MI')
HETIOCPEACTBEHHO B OPTAHUYECKOMU ®A3E

Annotanus. CymecTBytomue (pOTOMETPHUECKHE U SKCTPAKIIMOHHO-(POTOMETPUIECKUE METOABI OTpEJeNICHUs
3omota (III) ¢ mpuMeHeHHEM OpraHWYECKHWX KpacHuTeleld Malon3OMpaTeNbHBI. Tak Kak KOMILIEKCOOOpa3oBaHUE
3omota (III) ¢ opraHuvYeckuMu peareHTaMH MPOUCXOTUT B BOOHOH (pa3e, B KOTOPOH COMYTCTBYIOIINE MOHBI TaKKe
00pa3yroT OKpalIeHHbIe KOMIUIEKCHBIE COEANHEHUS U MEIIAIOT ONPEEIICHUIO 30J10Ta.

B mocnenHee BpeMs Ul MOBBIMICHUS CEJIEKTHBHOCTH METOJOB ONPENCICHUS JIEMEHTOB NPUMEHSIOT HOBBIN
npuéM — u3dupaTenbHAs OSKCTPAKIMsA OECHBETHBIX KOMIUIEKCOB 3JIEMEHTOB HHEPTHBIMA OPraHUYECKHMHU
PacTBOPUTEISIMH, C TIOCJIEAYIONINM 100aBICHUEM K SKCTPAKTY OPTaHUIECKUX KPAacHTENIeH U KOMILIEKCOOOpa3oBaHMs
MX HETIOCPEACTBEHHO B OpraHuueckoi dase.

B Hacrosiieit pabote o0CykIaercss HOBBI CEJIEKTUBHBIH, IPOCTOH METOJl, OCHOBAHHBIH Ha W30HMPATENBHOM
SKCTPAaKIUU XJIOpHAHOTO Komiiekca 3oi0ta (III) ¢ WHEPTHBIMM OpraHMYECKMMH pAacTBOPHUTEISIMH U
KoMIuIekcooOpazoBanue ero ¢ MI™ HermocpecTBEHHO B OpraHuueckoi dase.

Ucxonnpit pactBop 3omota (III) xoHIeHTpammed 1MIr/Mi TOTOBWIM W3 CONM XJIOPHUIHOTO 30JI0Ta. THTp
pacTBOpa yCTaHABIMBAIN TOTEHLIHMOMETPUYECKH TUTPOBAHUEM ¢ coJibto Mopa. Mcnonbs3zoBanu BogHbli pactBop MI'.

CriekTpsl dKcTpakToB KoMIniekcoB 3ooTa (II1) u pearenra cammanm Ha criekrpodoromerpe CD-26, (=1 cMm.
OnTHYeCcKyI0 TIOTHOCTh pacTBOpa m3Mepsuid Ha GoTrodnekrpokonopumerpe KOK-2. OnbIThl mokas3aiu, 4To 30JI0TO
(III) u3 CHIILHOKUCIBIX PAaCTBOPOB B MPHUCYTCTBHM XJOPWA-MOHOB u aumermwidopmamuna (JAMDA) xoporiio
aKcTparupyercs xiaopopopmom. B orcyrerBun JIM®PA 3omnoto (1) e sxcrparupyercs. MccienoBanue skcTpakium
3omota (I1I) xmopodopmMoM B 3aBUCHMOCTH OT KOHIIGHTPAIIMHA BOJAOPOJ-HOHOB, XJIOpHUI-HOHOB U JIMDPA mokazaio,
YTO ONTHMAIBHBIMH YCIIOBUsIMH dKcTpakiuu 3o0i01a (I11) sistores: 0,50 — 6,0 r-uon/n nmo Bonopoa-uoHos; 0,06 —
2,5 r-MOH/JI 10 XJIOPUI-UOHOB U 13 — 26 % (1o 00bémy) no JIM®PA, npoaomkuTenbHOCTh BeTpsixuBanus a3 5—10 c.
[Tpu paBHBIX 00BEMax BoaHOW M opraHuyeckoil (a3 usBiedenue 3oinota (III) mpu omHOKpaTHOM SKCTpakKIMU
coctaBisieT 99,9 % u He U3MeHsIeTCs 10 COOTHOIEeHMs! 00BEMOB (a3 20:1.

B yka3aHHBIX ONTHMABHBIX YCIOBHUSX ONPENENIEH COCTaB SKCTPArupyIOIIerocst XJOPUIHOTO KOMILIEKCa 30J10Ta
(III) meromom caBura paBHoBecus. [t 3Toro m3ydeHa 3aBHCUMOCThH dKcTpakuuu 3oi0ta (III) oT xoHUEeHTpaumu:
1) Bomopon-monoB (0,030 - 0,96 T-MOH/1T) MPU MOCTOSHHBIX KOHIEHTpAMAX XJIopua-uoHoB (1,0 r-non/m), AMDA
(20%) n nonnoit cune (4 = 1), co3maBaemoii qobaseHneM pacteopa NaCl; 2) xmopun-nonos (0,01 - 0,34 r-mon/n),
MPU TOCTOSIHHBIX KOHIEHTpauusx Boxopoa-uoHoB (1,0 r-uoun/n), IM®DA (20%) u wonnoii cuie (1 = 1); 3) MDA
(5 — 13%), npu OCTOSIHHBIX KOHIIEHTpALUSIX BOopoA-HOHOB (1,0 r-uow/i), xnopua-uonos (1,0 r-MOH/T) U HOHHOK
cune (u = 1).

B pesynbrare wuccienoBaHusi pa3pabOTaH HOBBIM  BBICOKOM30MpPATENbHBIH, YCKOPEHHBIH U IPOCTOIl
9KCTPAKIIMOHHO-CIIEKTPO()OTOMETPUUECKUI METOA OIpeAeIeHHs 30J10Ta HEMOCPEACTBEHHO B OpraHMYecKoi (ase.
VYcranosneHo, uro 3omoto (III) skcTparupyercst XxopohopMOM M3 CHIBHOKHCIIOW Cpeabl B IPUCYTCTBHH XJIOPHI-
noHoB u JIM®A 1o ruapaTHO-COJNILBATHOMY MEXaHM3My. VI3ydeHO BiMsSHHE NOCTOPOHHHX HOHOB, KOTOpPBIE HE
MEIIA0T ONPEIEIICHHIO 30JI0Ta B OOJBIINX KPATHBIX KoJIWdecTBax. Pa3paOoTaHHBIA METOA NMPOBEPEH Ha aHAIN3e
MIPOM3BO/ICTBEHHBIX PACTBOPOB, KOHIEHTPAaTOB M TOpPOJ 0O€3 OTHENCHHs COIYTCTBYIOUIMX 3JIEMEHTOB. Merton
OTJIMYAETCS MPOCTOTOH BHIITOTHEHHS, BBICOKOH M30MPaTEIbHOCTHIO U SKCIPECCHOCTHIO.

Takum 00pazoM, pa3pabOTaHHBI METOJ AHKCTPAKIHUOHHO-CHEKTPO(GOTOMETPUUECKOTO OMPENCICHUS 30JI0Ta
PEKOMEHIyeTCs I aHalM3a MPOU3BOACTBEHHBIX PACTBOPOB, CTOYHBIX BOJI, KOHIIEHTPATOB, Py, MOPOJ U APYTHX,
CJIOKHBIX 10 XUMHYECKOMY COCTaBy MaTepHaloB 0€3 OTIEICHUS COMyTCTBYIOIIMX 3JIEMEHTOB HEMOCPEACTBEHHO B
OpraHu4eckoii ¢asze.

KoaroueBbie ciioBa: Gporomerpuueckuii METO, 30J10TO, KOMIIEKCHOE COEMHEHHUE, XJIOPOPOPM, IKCTPAKLIHUSI.
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PROSPECTS FOR THE INTEGRATED USE
OF SLAG WASTES FROM FERROCHROME PRODUCTION
FOR HEAT-RESISTANT MATERIALS

Abstract. The research results of physicochemical and physicotechnical properties of slag wastes from
ferrochrome production as raw materials for heat-resistant materials are presented. Chemical and mineralogical
composition of slag from high-carbon ferrochrome production and slag from low-carbon ferrochrome production, as
well as their constituent main crystalline phases, represented by magnesium and calcium aluminosilicates of complex
composition, have been determined by physicochemical research methods. According to X-ray phase analysis, the
slag from the high-carbon ferrochrome production is represented mainly by forsterite Mg,SiO,, spinel MgAl,O,,
partially amorphous glass phase and admixture of calcium orthosilicate Ca,SiO,4. In the slag from the low-carbon
ferrochrome production, the main crystalline phase is calcium orthosilicate y-Ca,SiO,, as well as magnesium
orthosilicate forsterite Mg,SiO,4. The research results of specific surface area, average particle size determination and
sieve analysis have shown that the slag from the low-carbon ferrochrome production is a finely dispersed gray
powder with the following characteristics: the specific surface area — 295 m*/kg, the average particle size — 6.8 pm,
the true density — 3.01 g/em’, the bulk density — 739 kg/m’. The research of the physicochemical and
physicotechnical properties has established that in terms of chemical, mineralogical composition and refractoriness
indices, the slags from the high-carbon ferrochrome and low-carbon ferrochrome productions can be valuable raw
materials for heat-resistant materials.

Key words: slag wastes from high-carbon and low-carbon ferrochrome production, refractoriness, specific
surface area, calcium and magnesium orthosilicates, heat-resistant materials.

Introduction. There is no domestic production of fireclay refractory materials and products in mass
demand in Kazakhstan [1]. The need for heat-resistant materials and products is fully covered only by
imports from the CIS countries, primarily from Russia and Ukraine.

At the same time, there are various types of technogenic mineral raw materials in the republic, which,
with appropriate processing using special technologies and component compositions, can serve as
components for production of high-grade heat-resistant materials that are not inferior in their basic
properties to traditional fireclay heat-resistant materials.

In Kazakhstan, slag dumps of Aktobe Ferroalloy Plant of TNC Kazchrome JSC have accumulated
more than 15 million tons of slag wastes, of which 5 million tons are slags from production of high-carbon
ferrochrome, and about 8-9 million tons are dusty dispersed slag from production of low-carbon
ferrochrome.
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Costs for disposal of slag wastes and maintenance of slag dumps are a big economic and
environmental problem facing the enterprise. In the processing of slags from the production of
ferrochrome, the problem of ecological safety is no less important, since chromium is recognized as a
dangerous carcinogen [2, 3].

A distinctive feature of the slags from the production of ferrochrome is their refractory and heat-
resistant properties [4, 5].

The research of the physicochemical properties and mineralogical composition of slag wastes from
ferroalloy production made it possible to draw a conclusion about the possibility and expediency of their
use as components of heat-resistant binders and composite heat-resistant materials.

Considering refractory properties, in [6] it is proposed to use high-carbon ferrochrome slag as a
component of refractory materials. At the same time, it is proposed to use finely ground slag from
production of high-carbon ferrochrome and bag dust of gas cleaning from furnaces for high-carbon
ferrochrome production as raw materials for refractory brick manufacture.

At present, the slag of the current output high-carbon ferrochrome production is processed in the slag
processing shop, where the slag is crushed and residual metallic ferrochrome is extracted from it, and the
crushed slag is sold as crushed stone for road construction [7].

The low-carbon ferrochrome production annually produces over 200,000 tons of slag, which is sent to
the dumps of the enterprise.

According to the chemical and mineralogical characteristics, slags from the production of low-carbon
ferrochrome [8, 9, 10], characterized by a tendency to self-decomposition and transformation into fine
powder [11], are among the wastes of ferroalloy production.

Analysis of published works showed a small amount of research and proposed directions for the use
of the slag from the low-carbon ferrochrome production in foundries for self-hardening mixture
manufacture, as a raw material for cement production, in road construction as a mineral filler for asphalt
concrete preparation [12, 13].

Currently, development of effective types of composite binders from natural and technogenic mineral
raw materials is one of the urgent scientific, technical, economic and environmental problems [14-17].

Methods. The chemical analysis of the studied samples of the slags from the high-carbon
ferrochrome and low-carbon ferrochrome production was carried out according to the procedure adopted
for inorganic materials [18].

The X-ray phase analysis (XRA) of the slags was carried out using DRON-3 diffractometer with CuK,
radiation with a nickel filter. The speed of movement of the goniometer counter was 8 deg/min. The tube
voltage — 40 kV, the tube current — 20 mA.

The surface morphology research of the slag samples was carried out using JSM-6490LV scanning
electron microscope (JEOL, Japan), with which the elemental chemical composition was also determined
by the energy dispersive method.

The granulometric composition and the bulk density of the crushed and dispersed slags were
determined according to the method used in industry [19].

The specific surface area and the average particle size of the slags were determined by the method of
air permeability of dispersed materials using PSKh-K computer multifunctional device manufactured by
Ruspribor LLC (Russia).

The sieve analysis of the slag was carried out using “Analysette 3” vibrating sieving device from
FRITSCH (Germany).

The refractoriness of the slags was determined according to the standard procedure for refractory raw
materials [20].

Results and discussion. The results of determining the granulometric composition and the bulk
weight of the slags from the ferrochrome production according to the standard method are presented in
table 1.
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Table 1 — The granulometric composition and the bulk weight of the slags from the ferrochrome production

) Content of fractions in the ferrochrome slag, wt. %
Indicators
high-carbon low-carbon

Granulometric composition: 31.9 4.1
fraction of more than 5 mm 31.1 234
fraction of 3-5 mm 4.5 18.5
fraction of 2-3 mm 2.5 17.5
fraction of 1-3 mm 4.5 17.5
fraction of 0.5-1 mm 25.5 19.0
fraction of less than 0.5 mm 12.7 9.5
including fraction of 0.088-0.5 mm

fraction of less than 0.088 mm 12.7 9.5
Bulk weight, g/cm3 1.92 1.58

The average chemical composition and refractoriness indices of the slags from the high-carbon
ferrochrome and low-carbon ferrochrome production are presented in Table 2.

Table 2 — The chemical composition and refractoriness of the slags from the ferrochrome production

Content of oxides, %
Type of slag from the ferrochrome production Refractoriness, °C

CI‘203 MgO A1203 SIOZ CaO FeO

Slag from the high-carbon ferrochrome

. 5.1 43.1 17.8 | 312 | 24 | 1.1 1630
production

Slag from the low-car.bon ferrochrome 52 134 71 293 | 452 | 1.1 1360
production

The results of determining the mineralogical composition of the slags from the ferrochrome
production by the method of X-ray phase analysis are presented in Table 3.

Table 3 — The mineralogical composition of the slags from the ferrochrome production

Phase composition of minerals according to the X-ray phase
analysis
Mg,SiO, (main phase)
Slag from the high-carbon ferrochrome production (Mg, Fe) (AL, Cr),04
Ca,Si0, — admixture
Ca,Si0,4 (main phase)
Slag from the low-carbon ferrochrome production Mg,SiO,
(Mg, Fe) (AL, Cr),04

Type of slag from the ferrochrome production

According to the X-ray phase analysis, presented in figure 1, the mineralogical composition of the
slag from the high-carbon ferrochrome production is represented by the following main minerals:
forsterite Mg,SiO,4 (d=3.89, 3.48, 2.77, 2.27, 2.16, 1.75, 1.49 A), spinel MgAL,O,4 (d=4.81, 4.25, 2.47,
1.58 A), partially amorphous glass phase and impurity of calcium orthosilicate Ca,SiO,.

In this case, in the system MgO — Al,O5 — SiO,, the formation of spinel — forsterite solid solutions is
possible [21].

w
~
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2.52

4.81
3.88
3.48
2.98
2.77
2.47
2.27
2.16
2.07
1.49
1.47

Figure 1 — Diffractogram of the slag from the high-carbon ferrochrome
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The diffractogram of the slag from the low-carbon ferrochrome production, shown in figure 2,
confirms the phases of calcium orthosilicate Ca,SiOy (basic phase) and forsterite Mig,SiO,.

The X-ray research of the slag from the low-carbon ferrochrome production showed that the main
crystalline phase in it is calcium orthosilicate y-Ca,SiO,4, and there is also a-Ca,SiO,4 phase, and magnesia
silicates in the form of magnesium orthosilicate — forsterite Mg,;SiOj.

The diffractogram of the slag (figure 2) shows the most intensive diffraction reflections with d = 3.81;
2.79;2.74; 1.88; 1.62 A correspond to y-Ca,SiO, phase.

The diffraction maxima with d = 2.71; 2.66, 1.72 A, obviously, are due to the presence of a-Ca,SiO,
in the slag. The presence of this crystalline phase in the slag indicates that the modification
transformations o — o'y — o'y — B — y did not occur completely, and a small amount of a-Ca,SiOy is
present in the system.

The presence of forsterite Mg,SiO, is indicated by the reflections with d = 3.81; 2.74; 2.66 A.

The research results of specific surface area, average particle size determination and sieve analysis
have shown that the slag from the low-carbon ferrochrome production is a finely dispersed gray powder
with the following characteristics: the specific surface area — 2955 cm?®/g, the average particle size —
6.8 um, the true density — 3.01 g/cm’, the bulk density — 739 kg/m’.
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Figure 2 — Diffractogram of the slag from the low-carbon ferrochrome

The results of studying the surface morphology of the slag sample are shown in figure 3.3. The
surface of the studied slag sample has a polydisperse character, with both dusty particles and larger
particles in the form of detrital and fragmentary material present.

The research of the elemental chemical composition by the spectral analysis showed that the slag
composition is characterized by the content of Ca, Si, Mg, Cr, Al elements, which corresponds to the
mineralogical composition of the slag.

By the chemical composition, the slag can be referred to the main slags with the lime factor Mg = 2.16,
determined by the percentage ratio (%CaO+% MgO) / (%S10,+%Al,0;), with the low modulus of activity
Ma = 0.18, determined by the percentage ratio of the content of Al,O3 and SiO, in the slag.

The results of the physicochemical research have shown that minerals of the slags from the high-
carbon and low-carbon ferrochrome production, such as spinel MgAl,0,, as well as calcium orthosilicate
Ca,Si0,, and magnesium orthosilicate forsterite Mg,SiO4 have high refractoriness. So, the mineral larnite
Ca,Si0; is the most refractory slag mineral, it melts congruently at 2130°C, the mineral spinel MgAl,O,4
melts at 2105°C, and refractoriness of the mineral forsterite Mg,SiO4reaches 1900°C [22, 23].

Due to these specific properties, the slag from the low-carbon ferrochrome production can also be
used as a raw component of heat-resistant binders used in heat-resistant materials’ production.
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Figure 3 — The surface morphology and the elemental composition when scanning the slag sample
of low-carbon ferrochrome production

Conclusion. As a result of the research carried out on the physicochemical and physicotechnical
properties, it has been established that, in terms of chemical, mineralogical composition and refractoriness
indices, the slags from the high-carbon ferrochrome and low-carbon ferrochrome production can be
valuable raw materials for heat-resistant materials.

At the same time, the crushed slag from the high-carbon ferrochrome production, due to its chemical-
mineralogical composition and refractoriness, is recommended as a filler for heat-resistant materials.

The dusty self-disintegrating dispersed slag from the low-carbon ferrochrome production is a ready-
made component for heat-resistant binders, since when using this slag, the stage of its fine grinding can be
excluded.

T.C. Baxnpos’, B.C. IIpouenko’, M.C. /Iay;ieTusipos’,
H.C. Baxupos', B.E. Cepux6aes', K.H. Baskupopa'

M. Oyesos atbiHgarsl OHTYCTiK Kazakcran memnekertik yausepcureTi, [lIpimkent, Kasakcran;
2S’KpaMHa MEMJIEKETTIK XUMUSI-TEXHOJIOTUSIIBIK YHUBEpcuTeTi, J{Henp, Y kpanHa

®EPPOXPOM OHAIPICIHIH HIVIAK KAJIIBIFbIH BICTBIKKA TO3IM/I
MATEPHAIJAPFA KEHIEHAI KOJIJAHY MYMKIHAIT'T

Aunnortanus. Kazakcrana jkanmnai CYpaHbICKa Ue MAMOTThI BICTBIKKA TO3IMJI1I MaTepualiap MEeH OHIM eHJIipici
nmambIiMaraH. bIcTeikka Tesimai Matepuanmap MeH OyitsiMaapra kaxertitik TM/I ennepineH, eH angsiver Peceit meH
YkpanHagaH UMIIOPTIICH TOJBIKTAH KAMTaMachl3 eTiIe/I].

ConpiMeH Oipre, pecnyOnmKaza TEXHOTSHIIK MHHEpANAbl INMHKI3aTTBIH allyaH Typiepi Oap, olxap apHaiibl
TEXHOJIOTHSUIAp MEH KOMIIOHEHTTIK KYpaMbl KOJAaHy OapbhIChIHIA OHJEY apKblUIbl HETi3ri KacHeTTepi »KarblHaH
JIOCTYPJIi [IIAMOTTHI BICTBIKKA TO3IM/II MaTepHaagapAaH KeM TYCICHTIH JKOFaphl Camaiibl BICTBIKKA TO3IM/II MaTepHall
OHJIIpyre KbI3MET eTEe/Il.
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Kazakcranma «T¥K Kasxpom» AK Akrebe (eppokophITHa 3ayBITBIHBIH MDIaK YHIHAICIHIE 15 MHIUMOH
TOHHAJ@H acTaM MIIaK KaJABIKTAphl >KMHAAJIFaH, OHBIH 5 MHJUIMOH TOHHAJaH acTaMbl — JKOFapbl KOMIPTEKTi
(heppoxpoM eHipic mUIATHI, an maMaMeH 8-9 MIUIHOH TOHHACHI — a3 KOMIpTEKTi (eppoXpoM eHIIpiCiHIH maH
Topizai yHTaK nuiarsl. llImak KanablFbIH OpHANAcTBIPYyFa JKOHE CaKTayFa OaillaHBICTBI IIBIFBIH KOCIMOPBIHHBIH
MaHBI3/1bl 5KOHOMHKAJIBIK JKOHE 3KOJIOTHAJIBIK MACeIIeci OOJIBIN ecenTeNne .

DeppoKOphITIIA OHAIPICIHACTI IIIAK KAJIBIFBIHBIH (DH3UKO-XMMHUSIIBIK KACHETTEPI MEH MHHEPAIOTHSIIBIK
KYpPaMbIH 3€pTTCY OHBIH BICTHIKKA TO3IMIl OalIaHBICTBIPFBINI MEH KOMIIO3UTTI BICTHIKKA TO3IMII Marepuai
KOMITOHEHTTEp1 peTiH/e KOJIJaHy MYMKIH/IrT MEH THIMALIIT Typaibl KOPBITBIHIBI KacayFa MyYMKIHIIK Oep/i.

Kasipri ke3me jxorapbl KOMIPTEKTI (eppoxpoM eHIIpic ILIaKTaphl KaiTa eHJICY ILEeXbIHAa OHJCICIi, OHMa
IIJIAKTHI YCaKTall, oJlaH (peppoXpoM MeTalIbIHBIH KaJABIKTaphl aIbIHAIbI, ajl YCAKTaJIFaH IIIAK YKOJI KYPBUIBICH YIIiH
KUBIPIIBIK Tac peTiHje caTbuiaabl. Hamap kemiprekTi heppoxpom eHIipic IUIaKTaphl NaiaaaaHblIMaiIbl, all TOMEH
KeMipTeKTi (peppoxpoM eHIipici KbUI CaliblH KocimopsiH YiiHmiciHe kibepinerin 200 000 ToHHamaH acTaM IITaK
IIbIFapaibl.

Kazipri yakpITTa TEeXHOTSHIIK MHUHEpPAIIBl MIMKI3aTTaH BICTBIKKA TO3IMII Kypama OailaHBICTBIPFBIIITAPIBIH
THIMAI TYPiH JKacay — MaHBI3/IbI FUTBIMI-TEXHUKATBIK, SKOHOMHUKAIIBIK JKOHE SKOJIOTHSIIBIK MICENIeIepaiH Oipi.

Makanaga ¢eppoxpoM eHIIpiC MITaK KaJAbIKTapPBIHBIH BICTBIKKA TO3IMJII MaTepuaJapAblH IIHUKi 3aTTap
perinzie GU3NKa-XUMHSIIBIK KOHEe (HU3MKa-TEXHUKAIBIK 3ePTTEYNIEPiH HOTIXKeepl KenTipiireH. Ou3nuKa-XxuMHsIIbIK
3epTTey OHICTepIMEH KOMIPTEri MKOFaphl JKOHE KeMIpTeri TeMeH (eppoXpoM OHMIIPIC [UIATHIHBIH XHMHS-
MHUHEPAIOTHSIIBIK KYPaMbl JKOHE KYpIelsli KypamJbl MarHWi »oHe KalbLUi alOMOCHIMKATBIHAH TYpAaThIH HEri3ri
Kpuctaiasl (azangap aHbIKTaaFaH. PeHTreHodaszanslk Taigay OOMBIHIIA KOMIPTEri >KOFapbl (GeppoXpoM eHIIpic
marsiH popereputr Mg,SiO,, mmuuens MgAlLO,, kapTeutail aMopdThl IIBIHBL (a3a >KoHE KOCHabl KallbIUH
oprocuiukatsl Ca,Si04 Kypaiiapl. Kemipreri TemMeH (eppoXpoM eHAIPIiCiHIH IUIAK KYpaMblHAA HETi3Ti KPUCTaIIbI
(hazanap xanpiui oprocwimkathl Ca,SiO4 koHe MarHuii oprocwiaukarsl — (opcrepur Mg,SiO4. YiecTik OertiH,
OeJIIeKTiH OpTalla MeIIepiHiH aHbIKTaY, eNIEKTI Talay 3epTTey HOTIKEeNIepi KeMipTeri a3 GpeppoxpoM eHIIpiCiHIH
LIJIAK KaJIBIFBIHBIHA MbIHA/Al cHnaTTaMa Gepyre Gomaisl: yiectik Geti 295 cm/kr, oprama Gemmek Menmepi 6,8
MKM, LIBIHABI THEFB3ABIFEI 3,01 T/cM’, Vitiaren THIFBI3IBIEBI 739 Kr/M°, Cyp TYCTi YHTaK GONBIN CaHATATHIHBIH
KOPCETTI.

XuMmusUIbIK Kypambl OoibiHIIa 1uiakthiy (%0 CaO +% MgO) / (% SiO; +% AlyO3) nmailbl3apIK apakaTbIHACH
HETi31HJe aHBIKTANATBIH HeTi3ni Momyni Mo = 2.16 Herisri mmiak pertinge, an KypamsiHmarsl Al,O; xome SiO,
MOJIIIEPiHiH KaThIHACHI OOMBIHIIA aHbIKTaNaThIH MOy i Ma = 0,18 apKbuibl OeJICEHALIIr aJICi3 IUIAKTapFa KIKTeyre
6omazpl. XKyprizinreH Gpu3nka-XUMUSUIBIK JKoHE (H3MKA-TEXHUKAIBIK KACHETIH 3epTTey OOWBIHIIIA KOMIPTET] )KOFaphl
KOHE KeMipTeri TeMeH (eppoXpoM OHIIpPIC HIIAKTaphl XUMHUSUIBIK JKOHE MHHEPaJOTMsUIBIK KypaMmbl 9pi OTKa
TO3IMAUTIK KepceTKimTepi OOWBIHIIA BICTHIKKA TO3IMII MaTepUANIAPIBIH TOJBIKKAHIBI IIMKI 3aTTap peTiHIe
KOJIZTaHYbl MYMKiH.

Tyiiin ce3aep: KemipTeri »orapbl )koHe KeMipTeri TeMeH (heppoXpoM eHAIPICiHIH IITaK KaJIIBIKTaphl, OTKa
TO3IMLITIK, YJIeCTIK OeT, KaJbIHii )KoHE MaTHIH OPTOCHIINKATHI, BICTHIKKA TO3IMIII MaTepraiiap.

T.C. Baxnupos', B.C.IIponenxo”, M.C. Jlayaerusipos’,
H.C. Baxupos', B.E. Cepuxdaes', K.H. Baxuposa'

'FOsxH0-KasaxcrancKuii rocy1apcTBeH b1 yHuBepeuter uM. M. Ays3osa, Illsivkent, Kazaxcran;
2praI/IHCKHﬁ roCyAAapCTBEHHBIM XMMUKO-TEXHOJIOIMYECKUM yHUBEPCUTET, JJHUNpo, YKkpanHa

NEPCHEKTHUBbI KOMIUIEKCHOT'O HCITOJ/Ib30OBAHMSI IVIAKOBBIX OTXOJ0B
GEPPOXPOMOBOI'O NTIPOU3BOJACTBA IJIS1 KAPOCTOUKHUX MATEPHUAJIOB

Annoraunus. B Kazaxcrane oTCyTCTBYeT OTEUECTBEHHOE NMPOU3BOACTBO MUMEIOIIMX MACCOBBIM CIIPOC MIAMOT-
HBIX JKapOCTOHKHX MaTepuanoB W u3fenuil. [1oTpeOHOCTH B KApOCTOMKHX MaTepHajax W H3IENUSIX IOIHOCTBHIO
MOKpEIBaeTcs 3a cuet umnopra u3 crpad CHI', B mepByto ouepens n3 Poccnn u YkpanHsl.

B TO xe BpeMsi B peciyOJMKe UMEIOTCS Pa3IMYHbIE BH/bl TEXHOT€HHOTO MUHEPAIBHOTO CHIPhS, KOTOPBIE MIPU
COOTBETCTBYIOIIEH NepepaboTKe MO CHENUaTbHBIM TEXHOJIOTHAM M KOMIOHEHTHBIM COCTaBaM, MOTYT IOCIYXHTh
KOMITOHEHTaMH ISl IPOU3BOJICTBA MOHOLICHHBIX JKapOCTONKUX MAaTEpHaJIOB, HE yCTYHAMOLIUX 110 CBOMM OCHOBHBIM
CBOMCTBaM TpaJUIIMOHHBIM IAMOTHBIM X(apOCTOﬁKHM MaTepuajiaM.

B Kazaxcrane B nuiakoBbix oTtBanax AkTroOuHCKOro 3aBoja (eppocmiaBoB AO THK «Ka3zxpom» HakormieHo
Oosiee 15 MUTH TOHH HIIAKOBBIX OTXOJOB, U3 HUX OoJjiee 5 MIIH TOHH COCTaBJISIOT LIJIAKH NPOU3BOJICTBA BBICOKOYT-
JIEpOJMUCTOrO (eppoxpomMa, a OKOJO 8-9 MIIH TOHH COCTABIISET IBUICBHIHBIA JHCIEPCHBIM HIIAK MPOW3BOJCTBA
HHU3KOYIJIEPOJUCTOrO (heppoxpoma.

3arpaThl Ha pa3MelleHHE LUIAKOBBIX OTXOJOB U COJEp)KAaHWE MIIAKOBBIX OTBAJOB SBISIOTCS OOJBLION
SKOHOMHUYECKOH U IKOJIOTHIECKOH MPOOIIeMOH, CTOSIIEH Mepe] MPeIIpUSTHEM.
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W3zydeHne HU3MKO-XMMUYECKUX CBOMCTB M MHHEPAIOTHYECKOrO COCTaBa IIAKOBBIX OTXOZOB (eppOCIUIAaBHOIO
NPOU3BOACTBA TIO3BOJIMIIO CHENATh BBIBOJ O BO3MOXKHOCTH M LEJI€COO0OPAa3HOCTH HMX HCIIONb30BaHHS B KAueCTBE
KOMIIOHEHTOB JKapOCTOMKUX BSKYIMX M KOMIO3ULIMOHHBIX )KapOCTOWKUX MaTEpUAaJIOB.

B Hacrosmee BpeMs [UIAaK IPOU3BOACTBA  BBICOKOYIJICPOAUCTOrO  (heppoXpoMa TEKYIIEro BBIXOZA
nepepabaTbiBaeTCs B Iiexe M0 nepepaboTKe MIIAKOB, Te [UIAK JIPOOHMTCS M M3 HEro M3BJIEKAETCS OCTATOYHBIN
MeTaJUIMIEeCKUH (eppoXpoM, a IPOoOICHBIH MITaK MPOIaeTCs Kak Me0eHb I CTPOUTENLCTBA aBToopor [3].

[IInak mpou3BOACTBa HU3KOYIJIEPOAUCTOrO (heppoxpoma IpPaKTHYECKH HE HCHOJIB3YETCs, PU MPOM3BOICTBE
HU3KOYTJIEPOAUCTOr0 eppoxpomMa exeroqHo odpasyercs 6onee 200 000 TOHH IIaka, HAMPABIIEMOIO B OTBAJIbI
NPEAIPUATHA.

B Hacrosiee Bpemst pa3paboTrka 3pQeKTHBHBIX BHIOB KOMITO3UIMOHHBIX XKAPOCTOMKHX BSDKYLIMX MaTepHaIoB
13 TEXHOI'C€HHOTO MHHEPAIBHOIO CHIPbS SIBIISICTCS OJHOM AKTYaJIbHBIX HAayYHO-TEXHMYECKHUX, SKOHOMUYECKHX M
HKOJIOTUYECKUX IPOOIIEM.

B cratbe mpHBeneHBI pPE3yNBTATHl HCCICIOBAHMN (H3UKO-XMMHYECKUX M (H3MKO-TEXHHYECKUX CBOWCTB
IIJTAKOBBIX OTXOJOB (hDepPOXPOMOBOTO IPOM3BOJCTBA KaK CHIPbEBBIX KOMIIOHEHTOB IS )KAPOCTOMKUX MaTEepHaJIOB.
Meronamu (U3HKO-XUMUYECKAX HCCIIEIAOBAaHHUI OIpeesieHbl XUMUKO-MUHEPAIOIHYECKHI COCTaB IUIaKa IIPOU3-
BOJICTBA BBICOKOYTJIEPOAUCTOrO (heppoxpomMa M IIaKa MPOM3BOJCTBA HU3KOYITIEPOIUCTOTO (heppoxpoMa, a TakKe
COCTABJISIOLINE X OCHOBHBIE KpUCTAJUTMYECKHe (a3bl, IpecTaBIeHHbIe MAarHUEBBIMH U KaJIbLUEBBIMU aJIFOMOCHIIH-
KaTaMH CIIOXKHOTO cocTaBa. Ilo maHHBIM peHTreHo(a30BOro aHaIN3a, IUIAK MPOU3BOACTBA BBICOKOYIJIEPOAUCTOTO
(eppoxpoma mpencraBieH, B OCHOBHOM, QopcrepuroM Mg,SiO4, mmmuensio MgAlO4, yacTuyHo amopdHON
creknodasoil M TpuUMechio opTocwiamkara Kambius Ca,SiO;. B mutake mnpou3BOACTBA HHU3KOYTIIEPOIMCTOrO
(heppoxpomMa OCHOBHOW KpHUCTALIMYECKON (ha3oii ABJIsieTCS OpTocHIMKaT Kaiublus Y-Ca,SiOy, a TakKe OpTOCHIIMKAT
maraus gopcrepur Mg,SiO,. Pesynbrarsl nccnenoBaHuid yieIbHON NOBEPXHOCTH, OIPENENICHNSI CPEHET0 pa3Mepa
YaCTHIl M PE3yJIbTaThl CUTOBOTO aHAIM3a IOKa3alH, YTO IIJaK MPOM3BOJCTBA HHU3KOYTJIEPOIUCTOrO (eppoxpoma
NpeNCTaBsieT co00i TOHKOIUCIEPCHBIH MOPOIIOK CEpPOro LBETa CO CICAYOLIMMH XapaKTePHCTHKAMU: yIelbHas
0BepXHOCTH 295 M/KT, cpeHuii pasMep yacTuil 6,8 MKM, HCTHHHAS IUIOTHOCTH - 3,01 I/cM’, HACBINHAS MIOTHOCT -
739 kr/m’.

[lo xMMHYeCKOMY COCTaBy IIUIaK MOKHO OTHECTH K OCHOBHBIM ILIJIAKaM C MOJYJIEM OCHOBHOCTH Mg = 2,16,
ompejensieMbiM 1O MpoueHTHoMYy cooTHomeHuto (%Ca0 + %MgO) / (%Si0,+%Al,0;3), ¢ HU3KHM MoOJyieMm
aktuBHOCTH Ma = 0,18, onpeniesisieMbIM 10 MPOLICHTHOMY COOTHOIICHUIO cojieprkanus B nmuiake Al,O; u Si0,.

B pesynbraTe NpOBEAECHHBIX MCCIIENOBAHMNA (U3MKO-XMMHUYECKHX W (HU3MKO-TEXHMYECKUX CBOMCTB ycCTa-
HOBJICHO, YTO IO XUMHYCCKOMY, MHUHEPAJIOrMYECKOMY COCTaBy M IOKA3aTC/IAM OTIHCYNOPHOCTU NUJIAKH IIPOU3-
BOJICTBA BBICOKOYTJIEPOIUCTOr0 (heppoxpomMa M HU3KOYIJIEPOAUCTOTO (GeppoXpoMa MOTYT OBITh NMOJHOLEHHBIMH
CBIPBbEBBIMH PECYpPCaMHU IS )KaPOCTONKUX MaTEpPHaoB.

KiroueBble cJI0Ba: IIAKOBBIE OTXOABI IPOM3BOJCTBA BBICOKOYIJIEPOJMCTOrO M HHU3KOYTJIEPOJIHCTOrO
(heppoxpoma, OTHEYIOPHOCTb,y IelIbHAs TIOBPXHOCTh, OPTOCWIJIMKATHI KaIbLU U MarHusl, )KapoCTOWKNE MaTepUaIbL.
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RAW MATERIALS IDENTIFICATION AND MANUFACTURED
PRODUCTS AUTHENTICATION TECHNOLOGIES

Abstract. DNA technologies for the raw grapes identification and the authentication of wine products made
from them are popular scientific and practical direction with the prospect of introducing developments into the
quality management system. The molecular genetic approaches development to the technical grape varieties’ genetic
identification and wines DNA authentication produced from them was the aim of this work. Sample preparation of
experimental wines was carried out by exposure in a mixture with a precipitant and a co-precipitant, followed by
wine debris precipitation. The nucleic acids extraction from wine debris was carried out with the same commercial
kit as from the pulp of a mature grape fruit, but with an additional lysis solution modification. The obtained results
indicated the selected conditions effectiveness for sample preparation, DNA isolation and PCR for amplification of
the analyzed Vitis vinifera L. UFGT-gene loci. The described strategy for the raw materials geno-identification and
the manufactured products authentication is based on the polymorphic positions of diagnostically significant UFGT-
gene-associated groups analysis, interpreted by sequencing the corresponding PCR product.

Key words: grapes, wine, variety, Vitis vinifera L, sample preparation, extraction, DNA, identification,
authentication, gene, UFGT, SNP, PCR, sequencing.

Introduction. The development of DNA technologies for the raw grapes identification and the wine
products made from them authentication is a popular area of molecular genetic research methods, whose
promising developments can be introduced into the quality management system to ensure traceability of
the entire product life cycle and counterfeit products monitoring [1-6].

Wines DNA authentication is a technological process of verifying their authenticity by geno-
identification of the main plant component (technical grape varieties) through molecular genetic analysis
of the extracted of Vitis vinifera L. nucleic acids. At the same time, the yield of isolated from wine debris
DNA is significantly reduced in the vinification process up to its complete absence by wine aging [7-11].

Among genetic markers multitude, SNP-markers have a high identification potential, which are
suitable for the raw materials genetic identification [12-14] and wines DNA authentication [8, 15, 16] due
to discrimination of individual genotypes of Vitis vinifera L. and identification of combined genotypes
groups, including single-varietal and blended wines in the analysis of fragmented nucleic acid of low
quality and yield.

The research purpose is the molecular genetic approaches development to the genetic identification of
technical grape varieties and DNA authentication of wines produced from them.
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Material and research methods. The work was carried out on the basis of the Intersectoral Scientific
and Technical Center for Monitoring the Quality of Food Products of the All-Russian Scientific Research
Institute of Brewing, Beverage and Wine Industry — Branch of V.M. Gorbatov Federal Research Center
for Food Systems of RAS.

Research objects: technical grape varieties and experimental young wines produced from them.

Sample preparation of technical grape varieties was carried out by extracting 50 mg of the ripe fruit
pulp and placing the selected sample in an Eppendorf test tube.

Sample preparation of experimental wines was carried out by exposure in a mixture with a precipitant
(isopropanol) and a co-precipitant (polyvinylpyrrolidone), followed by centrifugal wine debris
precipitation.

When using only a precipitant [17], they were poured into 15 ml Falcon tubes, each 8 ml of the test
wine samples. Then 6 ml of cold isopropanol was added, smoothly stirring the mixture until

homogeneous state by manually test tube shaking the. The tubes were kept with tightly closed lids at a
temperature of -20 °C for 1-14 days in a freezer. After the exposure, the tubes were centrifuged in a
CM-6M centrifuge (Elmi, Latvia) at 3000 rpm for 1 hour. The supernatant was decanted off, and the
precipitate was dried by keeping the tubes upside down under a filter paper layer.

When using a precipitant and a co-precipitant, it was poured into 1.5 ml Eppendorf tubes with 10 mg
of polyvinylpyrrolidone K30, 900 pl of isopropanol, previously poured into them, the mixture was stirred
until homogeneous state on a Microspin FV-2400 vortex centrifuge (Biosan, Latvia). Then, 100 pl of the
test red wines samples were added, stirring the mixture until homogeneous state by smooth manual
shaking of the test tube. The tubes with tightly closed lids were kept at room temperature for 10 minutes
to 14 days. After exposure, the tubes were centrifuged in a CM-50 microcentrifuge (Elmi, Latvia) at
15,000 rpm for 10 min. The supernatant was disposed of using an FTA-1 aspirator with a trapping flask
(Biosan, Latvia).

The extraction of nucleic acids from the grape fruit pulp was carried out with the commercial set
"DNA-sorb-S-M" (Central Research Institute of Epidemiology, Russia), and from the precipitated young
wine debris - with the same set, but with an additional modification of the lysis solution by adding 4 pl of
mercaptoethanol and 100 pl of proteinase K of initial concentration 10 mg/ml.

PCR with isolated DNA samples was performed with a commercial Encyclo Plus PCR kit ("Evrogen
ZAQO" (Close Joint-stock Company), Russia), which included the necessary components of the reaction
mixture (sterile water, buffer system, a mixture of ANTP and Encyclo polymerases).

The list of oligonucleotide primers [14, 15] and thermocycling modes on the Tertsik amplifier
(DNA-technology, Russia) are presented in table 1.

Table 1 — Primer kits and thermal cycling modes

Name and sequence of oligonucleotide primers Thermal cycling modes pIrJoCd%; t
Vvl-Fwd: 5-GCAATGTAATATCAAGTCC-3 x1:95°C—300s. x40:95 C—30s, 58 C—30s,
Vvl-Rev: §-TTTCTTTCTTTGAGCCATT-3' 72°C-30s.x1:72°C—300 s 705 bp
Vv3-Fwd: 5~AGCAGAGATGGGGGTGGCTT-3" [x1:95 C —300s. x40: 95 C—30s, 58 C—30s,
Vv3-Rev: 5~-AGCAGGTAAAACCACCTGAA-3 [72°C—-30s. x1: 72°C =300 s 119 bp
UFGT-F1: 5-CTTGGCTGCCGTTTTGGA-3 x1:95°C—300s. x40:95 C—10s,58 C—10s,
UFGT-R1: 5-AGGTAAAACCACCTGAAACT-3' [72°C-10s. x1: 72°C =300 s 99 bp

Electrophoretic detection of PCR products in a SE2 horizontal electrophoresis chamber (Helikon,
Russia) was carried out in 2.5% agarose gel with 1XxTAE buffer stained with ethidium bromide, followed
by result visualization in a UV-transilluminator (Vilber Lourmat, France).

Amplicons of the analyzed UFGT-gene locus were sequenced on an ABI PRISM 3100 genetic
analyzer (Applied Biosystems, USA) with their subsequent alignment in BLAST with the corresponding
partial nucleotide sequences of Vitis vinifera L.

Results and discussion. The initial stage of technical grape varieties sample preparation, which
consisted in extracting and transferring the ripe fruits pulp into test tubes for further DNA extraction
procedure, was a balanced approach to the selection of biomaterial from studied raw material.
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At the same time, the Vitis vinifera L. nucleic acids samples isolated from the raw grapes sample-
prepared material by the commercial kit "DNA-sorb-S-M" ensured the achievement of positive PCR
results, expressed in the amplification of specific amplicons of the analyzed gene loci.

The electrophoretic results pattern of the Vitis vinifera L. UFGT-gene loci PCR amplification initiated
with sets of well-known primers is shown in figure 1.

M 1 2 3 4 5 6 7 8
e ey

1000 bp— |
400 bp— ==
300 bp—> =
200 bp— «-
100 bp— ~119bp

50 bp—

<705 bp

Figure 1 — Electropherogram of the PCR amplification results of the Vitis vinifera L. UFGT-gene loci

Notations: M) DNA markers 100 bp + 50 bp (SibEnzyme). 1-4) Amplified with Vv1l-Fwd and Vv1-
Rev primers PCR tests of DNA samples extracted from the ripe grape pulp and precipitated debris of wine
material: 1) the ripe grape pulp of Cabernet Sauvignon veriety; 2) the ripe grape pulp of Chardonnay
veriety; 3) the precipitated debris of Cabernet Sauvignon wine material; 4) the precipitated debris of
Chardonnay wine material; 5-8) Amplified with Vv3-Fwd and Vv3-Rev primers PCR tests of DNA
samples extracted from the ripe grape pulp and precipitated debris of wine material: 5) the ripe grape pulp
of Cabernet Sauvignon veriety; 6) the ripe grape pulp of Chardonnay variety; 7) the precipitated debris of
Cabernet Sauvignon wine material; 8) the precipitated debris of Chardonnay wine material.

Thus, in PCR tests of DNA samples extracted from the industrial grape varieties pulp using a set of
DNA-sorb-S-M, specific amplicons were generated, initiated with Vvl-Fwd and Vv1-Rev (705 bp) [14]
and Vv3-Fwd and Vv3-Rev (119 bp) [15] primers, respectively. At the same time, in PCR tests of DNA
samples isolated from precipitated wine debris, by a similar extraction method, specific PCR products
were not amplified (figure 1).

Thus, the obtained results indicated the effectiveness of the selected conditions for sample
preparation, DNA isolation and PCR for amplification of the analyzed Vitis vinifera L. UFGT-gene loci in
relation to the studied raw grape samples, but not to the wine materials produced from them.

Subsequent extraction of nucleic acids from sample-prepared wine materials using the DNA-sorb-S-
M kit modified with supplemental application of mercaptoethanol and proteinase K to the lysis solution
led to a satisfactory PCR result in conjunction with the UFGT-F1 and UFGT-R1 primers that we designed
(figure 2).

1 2 3 4 M
T <—3000bp
- =250 bp
<200 bp
’ ~ =—150bp
99 bp— S o <100 bp

Figure 2 — Electropherogram of the PCR amplification result
of the Vitis vinifera L. UFGT-gene locus with UFGT-F1 and UFGT-R1 primers

Notations: 1-3) PCR tests of DNA sample extracted from the precipitated Cabernet Sauvignon wine
material debris: 1) 3 pl of DNA; 2) 4 ul of DNA; 3) 5 ul of DNA added to the PCR reaction mixture; 4)
Negative control of DNA extraction. M) DNA length marker 50+ bp DNA Ladder (Evrogen).
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This primers set for PCR amplification of the Vitis vinifera L. UFGT-gene locus by PCR differs from
the prototype [15] in that other oligonucleotide sequences are used that initiate the production of specific
PCR product with a length of 99 bp with localization in the flanked region (404-502 nt, GenBank A/N:
DQ513314) 5 polymorphic positions interpreted by sequencing or HRM analysis during geno-
identification of grape varieties and DNA authentication of the wine materials produced from them.

In this case, the PCR sensitivity and reproducibility with the designed primers set (UFGT-F1 and
UFGT-R1) turned out to be higher than the prototype (Vv3-Fwd and Vv3-Rev) (figure 3).

1 2 3 4
~—300 bp
<250 bp

-—200 bp
-<—150 bp

-<—100 bp
~<— 50 bp

119 bp — -

Figure 3 — Electropherogram of the PCR amplification result
of the Vitis vinifera L. UFGT-gene locus with Vv3-Fwd and Vv3-Rev primers

Notations: 1-3) PCR tests of DNA sample extracted from the precipitated Cabernet Sauvignon wine
material debris; 1) 3 pul of DNA; 2) 4 ul of DNA; 3) 5 pl of DNA added to the PCR reaction mixture.
4) Negative control of DNA extraction. M) DNA length marker 50+ bp DNA Ladder (Evrogen).

However, it should be noted that the efficiency of the well-known Vv3-Fwd and Vv3-Rev primers,
initiating the PCR product amplification with a length of 119 bp, was previously shown in DNA extraction
by the Pereira method [17], which is characterized by a relatively high nucleic acids yield isolated from
precipitated wine debris, in comparison with other methods [18-21].

The technical grape varieties grouping and breakdown according to the analyzed polymorphic
positions profile of the UFGT-gene locus is one of the ways of their gene identification and DNA
authentication of wines produced from them.

Bioinformatic analysis of nucleotide sequences of the Vitis vinifera L. UFGT-gene locus allows to
distribute technical grape varieties by breaking down into gene-associated groups (table 2).

Table 2 — Polymorphic positions of the UFGT-gene locus of Vitis vinifera L.

. . Polymorphic positions (INDEL*/SNPs)
Technical grape variety
205 | 207 | 220 | 238 | 240 | 257 | 264 | 265 | 272 | 309 | 366 | 375 | 424* | 425 | 442 | 459 | 483
Chardonnay | R|S|S|G|C|A|G|C|T|G|T]|Y - G| C|C]|G
Touriga Brasileira G| G|G|G|C|JA|G|C|]T|G|T]|T - G| C|C]|G
Gouveio G|G|S|GIM|A|G|C|T|G|T|Y - G| C|C]|G
Donzelinho Tinto G|G|C|R|M|R|K|C|T|G|T|Y - G| C|C]|G
Tinta Francisca G|G|S|R|C|R|K|C|T|R|T]|Y - G| C|C]|S
Alicante Bouschet G| G| S RI|IC|IR|K|C|T|R|T]|Y - G| C]|C S
Tinta Amarela G|G|S|R|C|R|K|C|TJ|R|T]|Y - G| C|C]|S
Codega do Larinho G|G|S|R|C|R|K|C|T|R|T|Y - G| C|C]|S
Fernao Pires AlC|]C|G|]C|JA|G|M|]C|]A|T]|C - G| C|T]|G
Tinta Roriz A|l|C|C|G|C|A|G|IM|C|A |T]|C - G|C|T|G
Malvasia Fina A|l|C|]C|G|C|]A|G|A|C|A|T]|C - G| C|T]|G
Tinto Céo R|S|C|R|C|R|K|C|]Y |R|T]|Y - G| C|Y]|G
Pinot Noir G| G| S S|{C|R|K|C|T|G|T]|T - G| C|Y]|G
Moscatel Galego R|S|S|G|C|A|G|C|]Y|R|T]|Y - G| C|Y]|G
Merlot G|G|G|G|C|A|G|C|T|W|W]|C - K|C|]C]|C
Tinta Barroca G|G|G|G|C|A|G|C|TJ|A|T]|C - K| C|C]|C
Touriga Nacional G|G|G|G|C|A|G|C|T|R|T]|Y - K| C|C]|S
Touriga Franca G|G|S|R|C|R|K|C|T|J]R|T]|Y - K|]C|C]|S
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Viosinho R|S|S|G|C|A|G|C|Y|A|T]|C - G| C|lY]|S
Rufete R|S|C|IR|C|A|G|M|C|A]|T]|C - G| M|Y |G
Cabernet Sauvignon R | S S| G|IC|A|G|C|]Y|A|T]|C T G| C|lY]|S
Sousdo RIS[S|[G|C|A|G|C|Y|A|T]|C T G| C|T]|S
Cannonao G|G|[S|G|C|A|G|C|T|R|T]|C - G| C|C]|C
Parda G|G|[C|A|C|R|K|C|]Y|R|T]|Y - G|M|C]|G
Technical grape variety Polymorphic positions (INDEL*/SNPs)

525 | 555|560 | 562 | 598 | 600 | 617 | 619 | 636 | 663 | 685 | 762 | 789 | 816 1|843 850
Chardonnay
Touriga Brasileira
Gouveio

Donzelinho Tinto
Tinta Francisca
Alicante Bouschet
Tinta Amarela
Codega do Larinho
Fernao Pires

Tinta Roriz
Malvasia Fina
Tinto Cao

Pinot Noir
Moscatel Galego
Merlot

Tinta Barroca
Touriga Nacional
Touriga Franca
Viosinho

Rufete

Cabernet Sauvignon
Sousdo

Cannonao

Parda
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The table below shows 34 polymorphic positions of the Vitis vinifera L. UFGT-gene locus (33 SNP
and 1 INDEL), flanked by the Vv1-Fwd and Vvl1-Rev primers, the interpretation of which allows the
geno-identification of technical grape varieties by establishing their belonging to a certain gene-associated
group by sequencing or HRM analysis of the amplified PCR product with a length of 705 bp.

The generated table is based mainly on the previously presented information [14], which allowed the
authors to discriminate 18 different grapes genotypes from 22 studied technical varieties, supplemented by
us with two more genotypes (varieties Cannonao and Parda) as reference.

In total, this identification strategy is characterized by the presence of 21 diagnostically significant
UFGT-gene-associated groups.

With regard to DNA authentication of wine material, the most valuable is the analysis of
5 polymorphic positions of the Vitis vinifera L. UFGT-gene locus (1 INDEL - 424 nt, 4 SNPs - 425, 442,
459, and 483 nt), flanked as well-known (Vv3-Fwd and Vv3-Rev) [15], and a set of primers designed by
us (UFGT-F1 and UFGT-R1).

In total, this DNA authentication strategy is already characterized by the presence of 12 diagnostically
significant UFGT-gene-associated groups, which are also identified by sequencing or HRM analysis of the
corresponding PCR product.

Conclusion. The described strategy of raw grapes geno-identification and DNA-authentication of
wine material, based on the detection and interpretation of polymorphic positions (SNP/INDEL) of
diagnostically significant UFGT-gene-associated groups by sequencing or HRM analysis, is achieved in a
complex of selected conditions for sample preparation, nucleic acid isolation and PCR for amplification of
the corresponding gene loci. The practical significance of the work is aimed at introducing developments
into the quality management system of raw materials and products based on the standards being developed
for the wine industry.
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'Beepoccniickuii HayuHO-HCCIIEI0BATENLCKUIT MHCTUTYT TMBOBAPEHHOI, GE3aKOr0NBHOI U BHHOIE/BYECKOI
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TEXHOJIOTMH HIEHTHUOUKAIIUN CbIPbS1
N AYTEHTUOUKALIUU ITPOU3BOANMOMU NMPOAYKIIUN

Annoranusi. Passurne JJHK-texHonoruit uaeHTH(UKAUMM BUHOTPaIa-ChIpbs W ayTEHTU(QHKAIMK ITPOH3BE-
JICHHOH W3 Hee BHWHOAENBPYECKOM MPOAYKLHUH SBIAETCS BOCTPEOOBAHHBIM HANpaBICHUEM MOJEKYISPHO-TEHETH-
YECKHX METOJIOB HCCIIEIOBAHNSA, YbH IEPCIEKTUBHBIE Pa3paOOTKH MOTYT OBITh BHEIPEHBI B CHCTEMY MEHEIDKMEHTA
Ka4yecTBa C 00eCIIeYeHHEM MPOCIICKUBAEMOCTH BCETO JKU3HEHHOTO IUKJIA MPOAYKTa M MOHUTOPHUHTA (habCuUIIN-
poBanHoi mponykmmu. JIHK-ayTeHTHHMKAnmMs BHH — TEXHOJOTHYECKHI MpoOIlecC MPOBEPKHU HX IOIIHMHHOCTH
TeHOMJCHTU(HKALMEH OCHOBHOI'O PACTUTENBHOTO KOMIIOHEHTa (TEXHHYECKHX COPTOB BHHOTPAZA) IOCPEACTBOM
MOJIEKYJISIPHO-T€HETHUECKOTO aHaIM3a dKCTParupyeMbIX HYKIEMHOBBIX KucHoT Vitis vinifera L. [Ipu 3Tom BIXOZ
BbIICNICHHOW 13 BUHHOrO nebOpuca JJHK 3HAaYMTEIBHOrO COKpAaIlaeTcss B Mpollecce BHHU(MDUKAIMK BIUIOTH 0O
MIOJIHOTO €€ OTCYTCTBHS IO Mepe crapeHus BuHa. Llenb uccrnenoBaHuili — pa3paboTKa MOJIEKYIISIPHO-T€HETHYECKUX
MOJIXOJJOB K T€HOMJICHTU(HKAIIMH TEXHUYECKUX copToB BUHOrpana u JIHK-ayrenTH]rKaMym NpON3BOIUMBIX U3 HUX
BuH. Pabora BeInosiHeHa Ha 6a3e MeXXoTpacieBoro Hay4HO-TEXHHUECKOTO IEHTPa MOHUTOPHHIA KAUeCTBA MHIIEBBIX
poXyKToB Beepoccuiickoro HayqYHO-HMCCIIEI0BATEILCKOI0 HHCTUTYTAa TMBOBAapEHHON, 0€3a/IKOTOIbHON ¥ HBHOAEIb-
YEeCKOW HPOMBINIICHHOCTH — ¢unnana denepaabHOr0 HayyHOTro LEHTpa MHIIEBHIX cucteM uM. B.M. I'opGartoBa
PAH. OOBEKTHI HCCIIEIOBAHUM: TEXHHYECKHE COPTA BHHOTPaJa W NPOM3BEACHHBIE M3 HHUX AKCIIEPUMEHTAIbHBIC
Mojozable BruHA. [IpoOOMOArOTOBKY TEXHMYECKMX COPTOB BHHOTPAAa IPOBOAMIM H3BIeYeHHEM 50 Mr MSAKOTH
3peNoro IUioJa W IIOMEIIEHHEeM OTOOpaHHOro oOpasma B mpoOupky tuma OnmeHzopd. I[IpobomoaroroBky
9KCIIEPUMEHTAIBHBIX BHH OCYILECTBIUIM JKCIO3UIMEH B CMECH C OCaguTeseM (M30MPOMAaHOI) U COOCAAUTEIEM
(TOMBHHUIITUPPOIHUIOH) C TOCIEAYIOIINM LEHTPOOSKHBIM OCKICHHEM BHHHOTO Jedpuca. OKCTPaKIUIO
HYKJICMHOBBIX KHCJIOT M3 MSKOTH IUIOAAa BUHOTPaga OCYILECTBISIM KomMepdyeckuM Habopom «/IHK-cop6-C-M»
(IHUN DSnupemuonoruu, Poccus), a U3 OCaxaAEHHOro naeOprica MOJIOJOTO BHHA — 3THM XK€ Ha0OpOM, HO C
JIOTIOJIHUTEIBHON Mo uduKanueil JTU3UpyIoNIero pacteopa jgodaBiacHueM 4 MKI MepkanTosTanona U 100 Mk
npotenHasbl K ucxomanoit kormenTpanuu 10 mr/mi. [Toctanoeky TP ¢ oOpasnamu Beienennoi JJHK BeImomaHsIH
KoMMepuyeckuM HabopoM peakTnBoB «Encyclo Plus PCR kit»y (3AO «EBporen», Poccus), BKimoyaromero
HEoOXO0ANMBbIE KOMIIOHEHTHI PEAaKIIMOHHON cMecH (cTepriibHas Boaa, OydepHas cucrema, cmech ANTP n nonmnmepas
Encyclo). O0pa3isl HyKIEHHOBEIX KHCIOT Vitis vinifera L, BbIIeneHHBIE U3 MPOOONOATOTOBIEHHOTO MaTepHaia
BHHOTpana-CeIpbsi KoMMepdeckuMm HabopoMm «JIHK-cop6-C-My», obecriednBamy TOCTH)KEHHE ITOJOKUATEIBHBIX
pesynbraroB I[P, BbIpakeHHBIX B aMIUIM(HUKAIUN CIEIU(UYHBIX aMIUIMKOHOB aHAJIM3WPYEMBIX JIOKYCOB T'€Ha.
[Tocnenyromasi SKCTpaKknus HyKJIEHHOBBIX KUCIOT U3 NMPOOOIOATOTOBJICHHBIX BHHOMaTepuanos Habopom «JIHK-
cop6-C-M» B moaudukanmuu C JONOJHUTEIBHBIM BHECEHHEM B JIM3HMPYIOIIMII pacTBOP MEPKAaNTOATaHONA U
nporenHasbl K, mpuBoauia K yAoBIETBOpUTENbHOMY pe3ynbTaTy IILIP B CBsI3KE CO CKOHCTPYMPOBaHHBIMH HaMu
npaiimepamu UFGT-F1 n UFGT-R1. [anubiii Habop npaiiMepoB st ammuudukauuu jokyca UFGT-rena Vitis
vinifera L. meronom IILP, ormnnyaeTcs OT mpOTOTHMIIA TE€M, YTO MHCIOJIB3YIOTCS APYIHE IOCIENI0BATEILHOCTH
OJIMTOHYKJICOTHIOB, HHUITUUPYIOIUX HapaboTky creruduunoro [MI{P-npoaykra miuHoit 99 bp ¢ nokanu3anueii Bo
(mankupyemom peruone (404-502 nt, GenBank A/N: DQ513314) 5 nomuMop¢hHBIX MO3UINIH, HHTEPIIPETHPYEMBIX
cexBeHupoBanueM win HRM-anamusom npu resHoupeHtudukamun coptoB BuHorpana u JHK-ayrentndukaunmn
NPOM3BOIMMBIX W3 HHMX BHHOMAarepuayioB. ['pynmmpoBaHuMe M pa30MBKa TEXHMYECKUX COPTOB BHHOTPajAa IO
MPOQUII0 aHATM3UPYEMBIX IMOJUMOPQHBIX MO3UIUi Jokyca UFGT-reHa sBISETCS OIHHM W3 CIOCOOOB HX
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reHoupeHTHGUKanun U JHK-ayTeHTHOUKAIMA TPOM3BOMUMBIX W3 HUX BHH. BHOMH()OPMAIMOHHBIA aHAH3
HYKJICOTHAHBIX TOcienoBaTensHocTelt Jokyca UFGT-rena Vitis vinifera L. I03BOJSIET pacupeAeTUTh TEXHUIECKUE
copTa BHHOTpaja pa30WBKOH Ha TEH-acCOIMHUPOBaHHBIE Trpynmbl. OMUCaHHAS CTpAaTerus TCHOMICHTH()UKAIIUN
BuHorpaga-ceipbsi 1 JIHK-ayrentudukaunm BuHOMaTepuana, OasupyIOIIascsi HA JETEKUHMH W HHTEPIpETalud
nojaumopdueix nozunuid  (SNP/INDEL) nuarHoctuuecku 3HauuMbix UFGT-reH-acCOUMMPOBAHHBIX — IPYIIT
cexkBeHupoBanneM win HRM-aHamu3om, mocTuraercss B KOMIDIEKCE IMOJOOPAaHHBIX YCIOBHHA MPOOOMOATOTOBKH,
BBIJICJICHNS] HYKJIEMHOBBIX KUCJIOT M mnoctaHoBku [P s aMrumukanuy COOTBETCTBYIOUIMX JIOKYCOB TI'€HA.
[MpakTHyeckass 3HAYUMMOCTb pabOTHl HalpaBjeHAa Ha BHEAPEHUE Pa3padOTOK B CHUCTEMY MEHEPKMEHTa KauecTBa
CBIPbS ¥ IPOJIYKLIMHM Ha OCHOBE pa3padaThiBaeMbIX CTAHAAPTOB JJIsl BUHOAEIBYECKOH NPOMBIIIIICHHOCTH.

KiaroueBble ciI0Ba: BHWHOTpalN, BHUHO, cOpT, Vitis vinifera L, mnpoGomonmroroBka, 3kctpakmus, JIHK,
uaeHTUUKams, ayrearudukanys, red, UFGT, SNP, T11IP, cekBeHnpoBaHue.
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CHEMICAL RESEARCH AND BIOLOGICAL ACTIVITY
OF PLANTS OF THE GENUS ATRAPHAXIS (A. SPINOSA)

Abstract. In this article identifies new sources of obtaining biological substances from plants of the genus
Atraphaxis (A. spinosa) prepared in the Almaty region.

According to well - known methods, the analysis of indicators and standards of raw material quality-humidity,
total ash, sulphate ash, insoluble ash in 10% hydrochloric acid-was developed and carried out.

Micro- and macroelements determined by atomic absorption spectroscopy. Analysis of the elemental
composition shows that iron predominates from microelements, and sodium, potassium and calcium from
macronutrients.

Conditions for obtaining a biologically active complex from the aboveground part of Atraphaxis spinosa
developed for the first time. The optimal conditions for obtaining the complex are extractant — 50% ethanol, the ratio
of extractant and raw materials — 1:8, double extraction time — 48 hours, temperature — 22 - 26 °C.

The lipophilic composition identified by chromatography-mass spectroscopy. Since lipophilic fractions of plant
samples include such classes of compounds as fatty acids; mono-; di-; triglycerides, phospholipids, sterols, Sterol
esters, glycolipids, fat-soluble vitamins, they can considered not only as nutritional products, but also as possible
pharmacological agents. The content of lipophilic components — 26 organic compounds-was determined. It found
that A. spinosa contains a large amount of di - (2-ethylhexyl) phthalate (54.66%) and B-sitosterol (13.11%).

A complex study of plant resources as medicinal raw materials provides for the chemical study of biologically
active substances and biological screening of extracts and individual compounds obtained from plants. In most cases,
the extract showed a wide range of antibacterial activity against the used strains of microorganisms.

Key words: Atraphaxis spinosa, mineral composition, plant quality, lipophilic composition, biological activity,
Polygonaceae family.

Introduction. The family Polygonaceae includes about 27 genera and 800 species. Kazakhstan
species of plants of the genus Atraphaxis have not systematically studied; therefore, the study of the
chemical composition, the development of methods for the isolation of potentially biologically active
substances, the study of biological activity, and the development of new drugs and herbal remedies are
relevant [1].

The object of the study was Atraphaxis spinosa of the Polygonaceae family germinating in the
Almaty region of the Republic of Kazakhstan [2-4].

Biologically active substances contained in the plant Atraphaxis spinosa. The roots of the plant
contain flavonoids. In the aerial part - alkaloids. The leaves of the plant contain tannins. The flavonoids
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compounds - spinoside. 3,8,3', 4'-tetrahydroxyflavon, luteolin 7-methyl ester, 3-B-L-rhamnopyranoside
3,8,3", 4'-tetrahydroxyflavone, 4'-a-D-glucofuranoside 7-luteolin 7-methyl ester, 4'-B-D-glucofuranosyl-
6-p-D-glucopyranoside 7-O-luteolin methyl ester.

Materials and methods. The aerial part of Atraphaxis spinosa, which grows in the Almaty region,
used as the object of study. In the studied object, the quantitative content of macro- and microelements
was determined. The elemental composition determined by atomic absorption spectroscopy on an ASSIN
instrument from Karl Zeiss [5].

For determination of the lipophilic composition of the plant, Atraphaxis spinose use Soxhlet
apparatus. The resulting extract was concentrated under mild conditions (water bath temperature
40-45 °C) after them, sample concentrate and analyzed on Agilent Technologies 7000 GS / MS system.
Component identification carried out automatically by analogy with the known mass spectra of samples
stored in the Wiley database [8-18].

Determination of the biological activity of a plant. The plant extracts used in this study coded as
AS-1. The following eight strains used in this study, which included two-Gram positive strains;
Staphylococcus aureus ATCC 6533 and Staphylococcus epidermidis ATCC 12228. Four-Gram negative
strains, which included;

Escherichia coli ATCC 10536, Pseudomonas aeruginosa ATCC 15442, Klebsiella pneumoniae
ATCC 700603, Stenotrophomonas maltophilia ATCC 13637, Candida albicans ATCC 10231. In addition
to fungi strains, Aspergillus fumigatus ATCC 36607. All strains obtained from ATCC, Medical
Microbiology Laboratory, Gazi University, and Ankara, Turkey.

As briefly, all strains cultured on tryptic soy agar (OXOID, Turkey) and aerobically incubated at
35 °C for 24 hours. Then the bacterial cultures were suspended into steril saline (0.85% NaCl) and
adjusted to 0.5 McFarland turbity (10 ® cfu/mL). We used 96-well, round-bottom microtiter included
negative controls (medium with plant extract only) and positive controls (medium with bacteria only) and
10 serial twofold dilutions of each eight plant extracts ranging from 0,0075-5 mg/mL with a final
concentration of the bacterial cell suspension equal to 1 x 10° colony forming units per milliliter
(CFU/ml). All inoculated plates incubated as mentioned above. MICs evaluated after 24 hours.
MBC/MFCs performed by subculturing of 10 pl from all wells, which exhibited no visible growth
(concentration equal or higher than of MICs) on Mueller Hinton agar-free plant extract and incubated as
mentioned above. MBC/MFCs evaluated after 24 hours. Tests repeated twice or more and mean values
reported.

Results and 1its discussion. Medicinal vegetable raw materials must not contain moisture above
acceptable standards, so as increased humidity, it is not necessary to store food. For the majority of species
of medicinal, healthy raw materials, the acceptable moisture limit is usually 12—15%. The data presented
in tables 1.

Table 1 - Benign indicators of the aerial part of Atraphaxis spinose

Index Content, %
Humidity 5,7
Total ash 7,32
Ash insoluble in 10% hydrochloric acid 0,36
Sulfate ash 6,9

It was found that humidity corresponds to "not more than 10%", total ash - "not more than 11%", ash
insoluble in 10% hydrochloric acid "not more than 1%", sulfate ash - "not more than 10%".

The study of the content of macro- and microelements in the studied sample of the aerial part of
Atraphaxis spinosa is of interest in connection with the high biological role of individual chemical
elements. In the etiology of many diseases, a significant role-played by a violation of the exchange of
elements in the human body at the subcellular, tissue and organism levels. So, correlations between their
imbalance and various pathologies are noted. In many diseases, the level of micro and macro elements
decreases, so the search for new types of plant materials as valuable additional sources of micro and macro
elements is an urgent task [3,5].

Data on the mineral composition obtained by atomic absorption analysis carried out on the material
and technical basis of the center of physicochemical methods of analysis.

The results are presented in tables 2 and 3.
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Table 2 - The quantitative content of trace elements in the aerial part of Atraphaxis spinosa

Element Cu Cd Pb Fe Ni Mn
Mass in sample, mg/ml 0.9827 0.5031 2.8704 92.0683 2.2263 14.2490
The content in the sample, % 0.00009 0.00005 0.00023 0.00915 0.00022 0.00138
Table 3 - The quantitative content of macronutrients in the aerial part of Atraphaxis spinosa
Element Zn K Na Mg Ca
Mass in sample, mg/ml 343.2117 2600.0997 1161.3053 210.0357 4790.358
The content in the sample, % 0.0339 0.260 1.161 0.021 0.479

From these tables it follows that the content of Na, K exceeds the concentration of Na +, K + in the
Atraphaxis spinosa plant under saline conditions, and they quickly diffuse inward and easily saturate the
cell sap. For halophytes, ion pumps operate in the opposite direction, pumping out excess Na +, K +
cations in exchange for H + ions. The highest Ca content is also noted.

It known that a number of trace elements that accumulate by plants play a positive role in the
biosynthesis of biologically active substances. It established that plants producing polyphenolic
compounds, coumarins, vitamins, selectively absorb copper, zinc, manganese. By the quantitative content
of trace elements, iron dominates in the aerial part of Atraphaxis spinosa. In addition, a large amount
contains manganese.

The specific need of halophytes for a certain concentration and composition of ash elements serves as
the scientific basis for developing methods for introducing halophytes in botanical gardens. The content of
macro- and micronutrients in raw materials meets the MPC standards.

Biologically active substances from A. spinosa extracted with 50% ethyl alcohol in the ratio of raw
solvent 1:8, at room temperature for 48 hours. The resulting extract was concentrated in the vacuum of a
water-structural pump. For preliminary separation of BAS, fractional hexane extraction performed.
Hexane extract was analyzed by chromatography - mass spectrometry. The data presented in table 4.

Table 4 - Lipophilic composition of the plant

Ne Name of compound Formula RT Share,%
1 Tridecan C3Hog 6,79 1,20
2 Gibylphthalate C6H2,04 20,53 1,15
3 Palmitic acid Ci6H3,0, 20,63 1,22
4 9.17 - Octadecandianal CsH3,0 23,98 3,95
5 2 -Nadonecanone C9H330 26,70 1,44
6 1.21- Docosadien CyHyo 28,64 0,56
7 Di (2-ethylhexyl) phthalate Cy4H3504 30,65 54,66
8 Tricosan Cy3Hyg 32,72 0,68
9 a - Toxopyro B Cy9Hs500y4 34,92 1,92
10 Eicosan CyoHy, 35,50 1,10
11 4,5-Dimethyl benzenediol-1,3 CgH 00, 37,65 0,48
12 1-Chlorheptacosan C,7Hs5CI 38,10 0,76
13 Vitamin E Cy9Hs500, 38,60 0,75
14 P- (3-methoxy-2-methyl) propanamide CsH;|NO, 38,70 0,50
15 1,3-Benzenediol 5-pentadecyl C¢HeO, 39,65 4,70
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16 Campester CyrgHygO 39,79 0,74
17 Stigmaster CyoHyg0O 40,20 1,50
18 2-Methyl-5- (methyl ethyl) cyclohex sen CioH,c0 40,29 2,57
19 B-Systerol C,9H500 41,03 13,11
20 a-Amirin C30Hs500 41,73 1,89
21 lanosterol C;0H500 42,02 0,50
22 lupeol C30Hs500 42,10 2,40
23 Stigmast-4-en- 3-one CyoHygO 42,90 0,86

Various derivatives of hydrocarbons of lipophilic substances of a plant of the genus A.spinosa were
found: tridecane (1.20%), dibylphthalate (1.15%), palmitic acid (1.22%), 9.17 - octadecandianal (3.95%),
2 -nadonecanone (1.44%), 1.21-backed (0.56%), di (2-ethylhexyl) phthalate (54.66%), tricosan (1.02%), o
- toxopyro B (0.90% ), a - toxocipro B (1.10%), eicosan (10.48%), 4,5-dimethyl benzenediol-1,3 (0.76%),
1-chlorheptacosan (0.75%), vitamin E (0.64%), P- (3-methoxy-2-methyl) propanamide (4.70%),
1,3-benzenediol 5-pentadecyl (4.70%), campester (1.50%), stigmaster (1.89%), 2-methyl-5- (methyl ethyl)
cyclohexsen (2.57%), B-systerol (13.11%), a-amirin (1.89%), lanosterol (0.50%), lupeol (2.40%),
stigmast-4-en- 3-one (0.86%).

It found that a large amount of A. spinosa contains Di - (2-ethylhexyl) phthalate (54.66%) and

B-sitosterol (13.11%).

The MIC and MBC/MFC values shown in table 5 and 6.

Table 5 - Minimum Inhibitory Concentration (MIC) of various plant extracts against different strains

. . . MIC mg/mL

Microbial strains AS-1
S. aureus 0.075
S._epidermidis - o005 |
E. coli 0.625
P. aeruginosa 0.156
K. pneumonia 0.078
S. maltophilia 0.156
C. albicans 0.312
A. fumigatus 2.5

Table 6 - Minimum Bactercidal Concentration (MBC/MFC) of various plant extracts against different strains.

) ) ) MBC/MFC mg/mL
Microbial strains
AS-1
S. aureus
S. epidermidis
E. coli 1.25
P. aeruginosa 0.625
K. pneumonia 0.312
S. maltophilia 0.625
C. albicans 1.25

A. fumigatus

>5 >5

In most cases, extracts exhibited a broad spectrum of antibacterial activity against used microbial
strains. AS-1 showed the lowest MIC values (0.0075 mg/mL) with respect to S. aureus and S. epidermidis.
MBC values of 0.03 mg/mL for AS-1.

Conclusion. Thus, the elemental composition and benignity of the aerial parts of the plant Atraphaxis
spinosa studied. It established that the benignity of the plant does not exceed acceptable values.
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As a result, the plant can considered medicinal raw materials. An analysis of the elemental
composition showed that Fe prevails from microelements, and Na, K and Ca from macroelements.

The lipophilic composition and biological activity of the plant was also established. It found that a
large amount of A. spinosa contains di - (2-ethylhexyl) phthalate (54.66%) and B-sitosterol (13.11%).

These plant extracts could be new antimicrobial agents with significant potential. This matter may be
due to the materials extracted from various solvents

A.K. Ymberopa', I'.III. Bypamesa', E.C. Uxcanos',
K.T. Aﬁmucynosa', A. Beiitaan?, C.H. Cararopa’, JI.LK. Ackanona'

'On-Mapabu ateiHars! Ka3ak yITThIK YHHBEPCUTETI
JKana TexHONOTHsIIap MEH MaTepHalap FhUIBIMU-3€pTTey HUHCTUTYThI, AnMatsl, Ka3zakcTas;
2I[eHcaym)H< FBUIBIMAAPHI yHUBepcuTeTi, CtamOyi, Typkus

ATRAPHAXIS (A.SPINOSA) TEKTEC ©CIMAITI'TH
XUMUAJBIK 3EPTTEY )KOoHE BUOJIOTI'UAJIBIK BEJICEHALIITT

AnHotanusi. Makanmaga AnMaTel OONBICHIHIA NalbIHOANFaH Atraphaxis (A. spinosa) TeKTec OCIMIIKTECH
OHMONOTHSIIBIK 3aT ANyAbIH JKaHa K31 alKpIHAaNabel. benrim ogictep OoibIHIIA MIMKI3aT CalachIHBIH KOPCETKINI MEH
HOpManapbl — BUIFAJLABUIBIK, KAl KYJ, CcyiabdarTsl kKya opi 10% Ty3 KbIMIKBUIBIHAA €PIMEHTIH KyJI aHBIKTay
capanTaMajgapbl KYPri3iami. ATOMIBIK-a0COPOIUSUIBIK CIIEKTPOCKONHS OMICIMEH MHKDPO JKOHE MaKpOIJIEMEHTTIK
KypaMbl aHBIKTaIABl. DJIEMEHT KypaMblH Tajgay MHKPOIJIEMEHTTepIeH TeMip OachlM, all MaKpOdJIeMEHTTepACH
HATPHUH, KK KOHE KaIbIUil 0aChIM €KCHIH KOPCETE/Ii.

Aunram per Atraphaxis spinosa xepycti OeniriHeH OHMOJIOTUSUIBIK OJICeH[I KEeIeH i aly »Karnailbl jKacasibl.
Kemien amy yIIiH aHBIKTaJFaH OHTAMIBI jKarmaimap: skctpareHT — 50% 93TaHON, 3KCTPAreHT IeH MIMKI3aTThIH
apakaTbIHachl — 1:8, eKipeTTIK dKCTpakKIMs yakbIThl — 48 carart, Temneparypa — 22-26 °C.

XpoMaTo-Macc-CIIEKTPOCKOIHS 9/1iCIMEH JIMIOGMIBII KypaM aHBIKTalIbl. OCIMAIK YITIIEPIHIH JUIOQHIbI
(pakUMACHIHAA Mall KBIIIKBUIBI CHUSKTBI KOCBUIBIC KJIACTaphl, SIFHU MOHO-; AW-; TPUIIULEPU, Gpocdoaunu, cTepod,
cTepoi upi, TIUKOIHIAL, Malia €pUTIH BUTAMIHIED KipETIHIIKTEH oJapabl TeK KOPEKTIiK 3aT PEeTiHIe FaHa eMec,
(hapMaKOJIOTHSIIBIK areHTTep PETiHAe Ae KapacTeipyFa Oonaabl. JImmodmibai KOMIOHEHTTED KYpambl aHBIKTAJIBI,
SIFHU OJ1 — 26 OpTaHMUKAJBIK KOCBUTBIC. A. spinosa KypambIHIa Kell Meuepae au- (2-atunrexcin) ¢ranat (54,66%)
xoHe PB-cutocrepon (13,11%) Oap exeHi aHBIKTANIbI.

Jopinik muKizaT peTiHae oCiMIiK pecypeTapbiH KeIIeH Tl 3epTTey OHONOTHSUIBIK OEJICEeH/Ii 3aTTap (bl XUMHSIIBIK
3epTTeYi, COHIal-aK OCIMIIKTep/IeH allbIHFaH dKCTPAKTLIEP MEH )KeKe KOCBUIBICTAPIbIH OMOJIOTHSIIBIK CKPUHUHTIH
KYprisyai kesmeniai. Kem xarmaiina 3KCTpakT KOJJAAHBUIFAH MUKPOOPTIaHU3MJICP IITaMblHA KAPChl aHTUOAKTEPHIIIBI
OeJICeHITIKTIH KEeH CIIEKTPiH KOPCETTi.

Tyiiin ce3nep: Atraphaxis spinosa, MuHepaibl KypaM, ©CIMAIK canachl, JUNOQHIbII KypaMm, OHOJIOTUSIIBIK
Gencenninik, Polygonaceae TyKpIMachl

A.K. Ymberopa', I'.III. Bypamesa', E.C. Uxcanos',
K.T. Aﬁuzucy.ﬂonal, A. Beitramn®, C.H. Cararosa’, JI.K. AckanoBa'

'Kasaxckuii HALHOHATBHBIN YHUBEPCUTET UMEHH anb-Dapadu
HayuHo-mccnenoBaTenbckuil HHCTUTYT HOBBIX TEXHOJIOTHIT 1 MaTtepuaioB, Anmarsl, Kazaxcran;
Y HuBepcHTeT HayK 0 3710poBbe, Kadenpa neueOHbIX U TynmucThiX pacteHuit, Typuus, CtamOyn

XMMHUYECKOE UCCJIEJOBAHUE U BUOJOTMYECKASI AKTUBHOCTD
PACTEHM POJIA ATRAPHAXIS (A.SPINOSA)

AnHoTanusi. B naHHOH cTathe omnpenesieHbl HOBbIE WCTOYHHWKH MOJYYEHHs OMOJIOTHYECKHX BELIECTB W3
pactenuit pona Atraphaxis (A. spinosa), 3aTOTOBICHHBIX B AJIMaTHHCKOH OOJIACTH.

[lo w3BeCTHBIM MeETOJHMKAaM OTPaOOTaHBI M NPOBEICHBI AHAIW3Bl IOKA3aTeJiel M HOPM KadecTBa CHIPHS:
BIIAXXHOCTB, 00IIas 3013, Cyib(aTHas 3071a, 30;1a HepacTBopuMas B 10% -HoM cosistHOH Kuciore.

MeronoM aTOMHO-aOCOPOLMOHHOI CIIEKTPOCKOIIMM YCTaHOBJICHBI MHKPO- M MaKpOUIEMEHTHL. AHaiu3

AJIEMEHTHOTO COCTaBa TMOKA3bIBAET, YTO M3 MUKPOIJIEMEHTOB Mpeo0aiaeT Kejie30, a U3 MaKPOIJIEMEHTOB — HATPHH,
KaJInii ¥ KaJIbI[AH.
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BrepBrie pazpaboTaHBl YCIOBHS IONyYEHHS] OMONOTHYECKH aKTHBHOTO KOMIUIEKCa M3 HaJ3eMHOH YacTH
Atraphaxis spinosa. ONTAMAaIbHBIME YCIOBUSMHE JJIS TTOMYYSHHST KOMIUIEKCA SIBITIOTCS. 3KcTpareHT — 50% 3taHod,
COOTHOIIICHHE SKCTPATeHTa I CHIPhsi — 1:8, BpeMsi IBYKPATHOM SKCTpaKimy — 48 yaca, Temmeparypa — 22 - 26 C.

MetooM XpoMaTo-Macc-CreKTpocKanueil uaeHTHGUIUpPoBaH JMNIOGUIbHBIA cocTaB. [lOCKONBKY JHITIO-
(hunpHBIE (PPAKIUU PACTUTEIHHBIX 00PA3IIOB BKIFOYAIOT TaKHE KIIACCHI COSANHEHHUH, KaK KUPHBIE KUCIOTH; MOHO-;
JIU-; TPUDIALEPHUIBI, (POCHONUIHIBI, CTEPHUHBI, dPHUPBI CTEPUHOB, TIIMKOJIHUIIU/IBI, KUPOPACTBOPHUMbIC BUTAMHHBI,
MOXHO pacCMaTpuBaTb HUX HE TOJBKO B KayCCTBC IMUTATCIbHBIX IIPOAYKTOB, HO W KaK BO3MOKHBIC
(hapMaKoJIOTHYECKHE CPEJCTBA. YCTAHOBICHO COJEPXKAHUE JHUMOPHIBLHBIX KOMIIOHEHTOB — 26 OpPraHUYeCKUX
coenvHeHuil. BrisiBiieHo, 4To B cocTaBe A.spinosa 00JbLIOE KOJMYECTBO COAEPKUTCS AU - (2-3THiirekcuin) dranara
(54,66%) u B-cutocrepona (13,11%).

KomrmiekcHoe uccieoBaHHE pPACTHTENBHBIX PECYpPCOB KaK JIEKAPCTBEHHOTO CHIPbS IPEIyCMaTpUBacT M
XMUMHYECKOEe M3ydeHHEe OMOJIOTNYECKH aKTHBHBIX BELIECTB, ¥ ITPOBEICHNE OHMOJIOTHYECKOT0 CKPHHUHTA 9KCTPAKTOB U
WHIWBUIYAIbHBIX COCIUHEHUH, MTOMYUCHHBIX U3 PACTCHUHA. B OOJBITMHCTBE CIydaeB AKCTPAKT MPOSBIUT IIUPOKUI
CIEKTp aHTHOAKTEPHAIBFHON aKTHBHOCTH B OTHOIIIEHUH HCIIOJIB30BAHHBIX IITAMMOB MHUKPOOPTaHU3MOB.

KiawoueBbie cnoBa: Atraphaxis spinosa, MAHEpaIbHBI COCTaB, JOOPOKAUYECTBEHHOCTh PACTECHUS, JIUTIO(DHITH-
HBIA COCTaB, OMOJIOTHYECKast aKTUBHOCTh, CEMENCTBO Polygonaceae.
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THE INHIBITING EFFECT OF FS-1 DRUG
ON THE ANTIOXIDANT PROTECTION SYSTEM
OF MYCOBACTERIA TUBERCULOSIS

Abstract. Results of inhibitory action of FS-1 drug on antioxidant system of pathogenic mycobacteria
tuberculosis, including resistant MDR strain, are presented. The study of the effect of FS-1 drug on the activity of the
antioxidant system was carried out on the reference strain Mycobacterium tuberculosis H37Rv and MDR
(rifampicin, isoniazid, streptomycin, ethambutol, ethionamide, kanamycin, cycloserine and pyrazinamide resistant)
strain Mycobacterium tuberculosis 320. FS-1 drug under experimental conditions in vitro showed a new mechanism
of action on mycobacteria tuberculosis - suppression of functional activity of the enzyme superoxide dismutase,
which protects the microorganism from oxidative stress. The loss of resistance to oxidative stress by a bacterial cell,
i.e. the ability to neutralize highly toxic oxygen radicals, leads to the destruction of cellular structures, metabolic and
energy processes, disruption of the respiratory system and, as a result, its death. Antioxidant activity of
Mycobacterium tuberculosis H37Rv after exposure with FS-1 preparation at concentrations of 4ug/ml is inhibited by
90.64 %, while at concentration of 2 pg/ml on bacterial culture of this strain - by 89.07 %. The obtained results show
significant suppression of functional activity of superoxide dismutase enzyme in bacterial culture of Mycobacterium
tuberculosis H37Rv under the influence of FS-1 in these concentrations, showing pronounced inhibitory effect.
Similar studies of the effect of iodine-containing FS-1 drug on the antioxidant system were carried out on the
bacterial culture of M. tuberculosis multidrug resistant strain 320. It was found that antioxidant activity of FS-1
preparation in concentration 4 pg/ml is inhibited by 99 %, while in concentrations 2 pg/ml FS-1preparation
suppresses antioxidant activity of strain 320 by 98 %.

Thus, the studies showed that the FS-1 preparation at the test concentrations of 4 pg/ml and 2 pg/ml has a
mechanism for pronounced inhibition of the functional activity of the enzyme superoxide dismutase in
Mpycobacterium tuberculosis of both the reference sensitive strain H37Rv and the multidrug resistant strain 320. This
leads to disruption of the redox transformations of various chemical compounds that form the respiratory process in
the bacterial culture, providing the energy demand of the microorganism.

Key Words. lodine-containing FS-1 drug, mycobacterium tuberculosis, enzymes of the antioxidant system of
bacterial cells, superoxide dismutase (SOD), UV spectrometry.

Introduction. Tuberculosis is one of the most common infectious diseases that occurs in all countries
of the world. The causative agent of tuberculosis is the bacterium of a closely related complex (MTBC)
Mycobacterium tuberculosis, which most often affects the lungs and is prone to genetic changes with the
development of new forms. One of the reasons for the decrease in the effectiveness of treatment is the
increased level of spread of the multidrug-resistant (MDR) infectious agent to anti-tuberculosis drugs.

Currently, an important role in the spread of tuberculosis is played not only by the pathogen drug
resistance, but also by defense mechanisms factors of both immune system of macroorganism and of the
bacterial cell itself [1-3]. Over recent years, according to the literature, the search for intracellular targets
has expanded to create new anti-infective drugs [4-8]. Thus, there is evidence that antibiotics can cause an
increase in the production of ROS (reactive oxygen species), which leads to oxidative stress. In the works
of Kohanski M.A. et. al.; Kohanski M. A., Dwyer et. al.; Belenky, P. et al. [5,6,9] oxidative stress in the
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bacterial cell itself, as exemplified in E. coli, is considered to be one of the components of the
antimicrobial activity of antibiotics leading to their death. Oxidative stress is a condition of cells
characterized by an excess content of free oxygen radicals. Kurbanov A.l., Zenkov N.K. et al. [7,8] in
their works state that the course of disease and the nature of treatment of many infections are influenced
by free radical oxidation processes. Free radicals are produced as a result of respiratory function and the
use of oxygen received by cells for energy production. Molecular oxygen is the main source of free
radicals in the body. Oxygen is not an essential component of metabolic processes in the body.

Superoxide is the active form of oxygen is. Its change is catalyzed by the antioxidant enzyme
superoxide dismutase (SOD), which is produced during aerobic respiration, a chemical reaction, and
transfers energy to cells. SOD catalyzes dismutation of O, - radicals and prevents transformation of the
superoxide radical anion into the OH hydroxyl radical, which is highly toxic. Hence, SOD is a key enzyme
that directly ensures termination of free radical reactions chains in the cells of aerobic organisms [10-12].
This enzyme accelerates biochemical process in the cell from constantly generated highly toxic oxygen
radicals and always "works" in tandem with catalase, which quickly and efficiently breaks down hydrogen
peroxide into neutral compounds.

Thus, enzyme superoxide dismutase, which is considered to be a universal mechanism of
pathogenesis in infections, plays an important part in the antioxidase defense system of the microbe
organism against oxidative stress. This prompted us to study the effect of FS-1 drug developed at our
Scientific Center for Anti-Infectious Drugs JSC [13,18] on the activity of SOD in mycobacterium
tuberculosis.

Initial research carried out by us in experiments on M. smegmatis saprophyte culture selected a
method for measuring SOD activity and established the ability of FS-1 drug to suppress SOD activity [14].
This work presents the results of studying the effect of FS-1 drug on the activity of antioxidant system of
mycobacterium tuberculosis as a reference sensitive strain and a highly pathogenic multidrug-resistant
strain of this pathogen type.

Materials and Methods. The study of the effect of the FS-1 drug on the activity of antioxidant
system was carried out on the reference strain Mycobacterium tuberculosis Hy;Rv, as well as MDR strain
Mycobacterium tuberculosis 320, resistant to rifampicin, isoniazid, streptomycin, ethambutol and
pyrazinamide [15].

The investigated concentrations of the FS-1 drug of 2 ug/ml and 4 pg/ml proceeded from the MBC of
the taken mycobacterium tuberculosis cultures. The suspension of the studied M. tuberculosis cultures was
prepared at a concentration of 1.5x108 CFU/ml in sterile saline. Tests of samples of different
mycobacterium tuberculosis strains were carried out simultaneously on the same day under the same
settings.

Determination of the effect of the test substance on the antioxidant system of bacteria was carried out
by adrenaline autooxidation method in vitro [16]. We used 0,1% solution of adrenaline hydrochloride;
0.2 M bicarbonate buffer solution (pH = 10.65).

For the research, 2 ml of bicarbonate buffer was poured into test tubes, a 2 ml suspension of the test
culture of Mycobacterium tuberculosis at a concentration of 1.5x108 CFU/ml prepared in physiological
saline was added, the investigated concentrations of the FS-1 drug were also added, then 0.2 ml 0, 1%
solution of adrenaline hydrochloride. The test tubes were incubated for 15 min at room temperature, then
the supernatant was separated by centrifugal settling at 5000 rpm for 5 min.

The control was a sample without the addition of test substances, i.e. containing 2 ml of bicarbonate
buffer, 2 ml of saline and 0.2 ml of 0.1% adrenaline hydrochloride solution.

The optical density of the test samples of the supernatant was measured every minute for 30 min
(30 cycles) in the spectral range from 200 to 500nm on a Lambda 35 double-beam spectrophotometer
(Perkin-Elmer, USA). The operation principle of this device is based on measuring the ratio of two light
fluxes that had passed through the reference channel (blank - 2ml bicarbotate buffer, 2ml saline solution)
and the sample channel in the cell holder, which allows cutting off baseline values.

The degree of impact of the test substance on the antioxidant system of bacteria was calculated using
the formula described in the method [16]:

inhibition % (units) = [1 - (ODcontro/ODexperiment)] X 100% (1) where ODconwor 1s the mean value
(n = 30) of control sample optical density; ODexperiment 1 the mean value (n = 30) of the optical density of
the test sample.
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The results of measuring the kinetics of adrenaline autooxidation process in an alkaline medium and
in the presence of the investigated concentrations of the FS-1 drug are presented as mean values (n=30)
from 2 independent experiments.

According to the method, values above 30% were taken as a significant suppression of activity of the
bacterial antioxidant system exposed to the test substance.

Processing and visualization of experimental data was carried out using the Origin package. URSS
[17].

Obtained Results. The effect of iodine-containing FS-1 drug on the antioxidant system of
M. tuberculosis bacterial cell of the H;;Rv reference strain and multidrug resistant strain 320 was studied
by adrenaline autooxidation method in vitro. Figure 1 shows the results of a spectral study of a control
sample (0.1% adrenaline solution) in the range from 200 to 500 nm. Three absorption maxima were found
at 242,292, and 347 nm.
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Figure 1 - UV absorption spectrum of the control sample

It should be noted that when measuring an aqueous adrenaline solution with pH=7.0, its maximum
absorption at a wavelength of 280 nm was established. When measuring the kinetics of the autooxidation
of adrenaline in a bicarbonate buffer pH=10.65, the maximum absorption in the UV region was
determined at a wavelength of 292 nm. Observation of the entire spectrum at a length of 347 nm for
30 min showed the dynamics of spectral changes increasing in direct proportion to the measurement time.
The increase in the optical density of the primary adrenaline oxidation product accumulation was 0.52 op.
units/min. When measured immediately, optical density was 0.139A, and after 30 minutes, optical density
was 0.658A. However, the optical density in the spectrum typical of adrenaline in an alkaline medium -
292 nm decreased only by 0.01A within 30 minutes (from 1.03A to 1.02A).

Figure 2 shows the results of UV spectroscopy of an experimental sample of M. tuberculosis H3;Rv
supernatant after exposure to FS-1 at a concentration of 2 ug/ml. Three absorption maxima were found at
the spectra of 242 nm, 292 nm, and 347 nm.
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Figure 2 - UV absorption spectrum of a test specimen
of M. tuberculosis Hy;Rv supernatanta after exposure to FS-1 at a concentration of 2 pug/ml
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The increase in the optical density of the adrenaline autooxidation primary product accumulation at a
spectrum of 292 nm exposed to FS-1 drug at a concentration of 2 pg/ml on M. tuberculosis H;;Rv culture
was 0.28 op.u/min. In immediate measurement, the optical density was 1.24A, and after 30 minutes it was
1.52A.

In immediate measurement in the spectrum of 347 nm, the optical density of the test sample after
exposure to FS-1 drug on the cell culture of M. fuberculosis H3;Rv was 1.03A, and after 30 minutes it
increased by 0.16A and amounted to 1.19A.
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Figure 3 - UV absorption spectrum of a test specimen of M. tuberculosis H3,Rv
supernatanta after exposure to FS-1 in concentration of 4 pug/ml

Figure 3 shows the UV absorption spectrum of a test sample of M. tuberculosis H3;Rv supernatant
after exposure to FS-1 at a concentration of 4 pg/ml.

Increase in the optical density of adrenaline autooxidation primary product accumulation at a
spectrum of 292 nm when exposed to FS-1 drug at a concentration of 4 pg/ml on M. tuberculosis H3;Rv
cell culture averaged 0.46 op.u/min. When measured immediately, the optical density was 1.74A, and after
30 minutes it was 2.20A.

The optical density of the test sample after exposure to FS-1 drug at a concentration of 4 pg/ml on
M. tuberculosis H3;Rv cell culture with immediate measurement in the spectrum of 347 nm was 1.18A,
and after 30 minutes it increased by 0.28 A and amounted to 1.46A.
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Figure 4 - Dynamics of changes in the optical density of the control and experimental samples supernatanta
of M. tuberculosis H3;Rv at a wavelength of 347 nm
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Figure 4 shows the summary data of UV spectroscopy with the dynamics of changes in the optical
density of the supernatant of experimental samples of M. tuberculosis H;;Rv after exposure to FS-1 at
concentrations of 2 ug/ml and 4 pg/ml at a wavelength of 347 nm for 30 minutes versus control sample
without adding the test substance. Observation of the entire spectrum at a length of 347 nm for 30 min
showed spectral changes dynamics in the optical density of the culture liquid of M. tuberculosis H3;Rv
exposed to FS-1 drug in the tested doses. Figure 4 shows a graph constructed using the OriginPro software
(17). As can be seen from Figure 4, the addition of FS-1 drug to the test samples at concentrations of
4 and 2 pg/ml with M. tuberculosis H3;Rv culture versus control sample (without the FS-1 drug)
10.7 (p<0.0001) and 9.1 (p<0.0001) times, increase accumulation of the toxic product of adrenaline
autooxidation in the supernatant.

The degree of impact of FS-1 drug at concentrations of 2 pug/ml and 4 ug/ml on the antioxidant system
of bacteria, calculated according to the selected research methodology, showed an inhibitory antioxidant
activity of the effect on pathogenic mycobacterium tuberculosis. It was found that the antioxidant activity
of mycobacterium tuberculosis H3;Rv strain after exposure to FS-1 at a concentration of 4 pg/ml is
inhibited by 90.64%. This indicates a significant suppression of the functional activity of the superoxide
dismutase enzyme in the Mycobacterium tuberculosis bacterial culture exposed to FS-1 drug at a given
concentration. The degree of impact of FS-1 drug at a concentration of 2 pug/ml on the bacterial culture of
this strain was also determined. It was found that the drug inhibits antioxidant activity by 89.07%. The
obtained results indicate a significant suppression of the functional activity of the superoxide dismutase
enzyme in the bacterial culture of Mycobacterium tuberculosis H3;Rv strain exposed to FS-1 at these
concentrations, demonstrating a pronounced inhibitory effect.

We have also simultaneously carried out similar studies of the effect of iodine-containing FS-1 drug
on the antioxidant system of M. tuberculosis bacterial cell of multidrug-resistant strain 320 by adrenaline
autooxidation method in vitro.

Figures 5-7 show the spectral studies data of the supernatant of the test samples after exposure to FS-1
drug on MDR M. tuberculosis strain No. 320 in the range from 200 to 500 nm. There is also a shift in
wavelength observed from 242 nm to 292 nm and up to 347 nm.

In the studied ranges, the time-dependent dynamics of spectral changes are also shown. Figure 5
shows the data of spectral absorption of the experimental sample of the supernatant of M. tuberculosis
strain No. 320 after exposure to FS-1 drug at a concentration of 4 pg/ml. Three absorption maxima were
revealed at the spectra of 242 nm, 292 nm, and 347 nm.
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Figure 5 — UV absorption spectrum of a test specimen of supernatant
of M. tuberculosis strain 320 after exposure to FS-1 in concentration of 4 pg/ml

The increase in the optical density of adrenaline autooxidation primary product accumulation
(292 nm) under the impact of FS-1 drug at a concentration of 4 pg/ml in the culture of MDR
M. tuberculosis strain 320 was 0.11 op.u/min, with immediate measurement the optical density was 1,70A
and after 30 minutes it amounted to 1.81A. The optical density of the supernatant of the test sample after
exposure to FS-1 drug with immediate measurement in the spectrum of 347 nm was 0.84A, and after
30 minutes - 1.02A increased by 0.18A.
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Figure 6 shows the data of spectral absorption of the experimental sample supernatant of the test
culture of MDR Mycobacterium tuberculosis strain 320 after exposure to FS-1 drug at a concentration of
2 ug/ml. Three absorption maxima were revealed at the spectra of 242 nm, 292 nm, and 347 nm.
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Figure 6 — UV absorption spectrum of a test specimen of supernatant of the MIDR
M. tuberculosis after exposure to FS-1 in concentration of 2 pg/ml

The increase in optical density with the accumulation of the primary adrenaline autooxidation product
in the spectrum of 292 nm when exposed to FS-1 drug at a concentration of 2 pg/ml in the MDR
M. tuberculosis strain 320 of was 0.21 op.u/min, with immediate measurement the optical density was
0.97A, and after 30 minutes it amounted to 1.18A. The optical density of the supernatant after exposure
with immediate measurement in the spectrum of 347 nm was 0.94A, and after 30 minutes - 1.11A, which
shows an increase of 0.17A.

Figure 7 shows the summary data of UV spectroscopy with the dynamics of changes in the optical
density of the control and experimental samples of the supernatant of the MDR of strain 320 of
M. tuberculosis after exposure to FS-1 on bacterial cells at concentrations of 4 pg/ml and 2 pg/ml at a
wavelength of 347 nm within 30 minutes.

As can be seen from Figure 7, the addition of FS-1 drug at concentrations of 4 and 2 pg/ml into
experimental samples of the culture liquid of the MDR of strain 320 M. tuberculosis in comparison with
the control sample without the drug, by 9.3 times (p<0.0001) and 8.5 times (p<0.0001), respectively,
increases accumulation of the adrenaline autooxidation toxic product in the studied culture liquid.
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Figure 7 - Dynamics of changes in the optical density of the control and Experimental samples supernatanta
of the MDR M. tuberculosis at a wavelength of 347 nm
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The degree of impact of FS-1 drug on the antioxidant system of bacteria in the studied concentrations
was calculated using formula (1) according to the procedure. It was found that the antioxidant activity of
FS-1 at a concentration of 4 pg/ml is inhibited by 99%. This indicates a significant suppression of the
functional activity of the superoxide dismutase enzyme in the bacterial culture of mycobacterium
tuberculosis MDR strain 320 when exposed to FS-1 drug at a given concentration.

FS-1 drug at a concentration of 2 ug/ml inhibits antioxidant activity of the bacterial culture of strain
320 by 98%.

Thus, the conducted studies have shown that FS-1 drug in the studied concentrations has a mechanism
for suppressing functional activity of the superoxide dismutase enzyme in bacterial cultures of
Mycobacterium tuberculosis, both the reference sensitive strain and the multidrug-resistant strain 320.

b.®.Kepumxanosa, A.b. [lxymarazuesa, H.b. Axmarty/uinna,
K.A. UckakobaeBa, E.H. Caxunosn

«MHdexuunsra Kapchl penaparrap FhlIbIMUA OpTaNBIF AK

@C- 1 J19PLIIK 3ATBI MUKOBAKTEPUSI TYBEPKYJIE3IHIH
AHTHOKCUIATTBI KOPFAHBIC )KYUECIHE MTHTUBUPJIEYIII 9CEPI

AnHorauusi. @C-1 mopimik 3aTBIHBIH TYOEpKyJe3MiH MAaTOTCHIl MHKOOAKTEePHUIApbIHBIH AHTHOKCHIAHTTHI
JKylieciHe, OHBIH IIIiHAE KONTEreH PEe3UCTCHTTI IOpiHIH TO3IMAUIIK IITaMblHA TEXKEYIIl OCepiHIH HOTIDKENepi
ycoHbUTFaH. Mycobacterium tuberculosis H3;Rv 3TanmoHpIk mraMeiHga sxxoHe Mycobacterium tuberculosis 320 mira-
MbIHAA(praMIUIHTe, W30HHWA3UIKE, CTPENTOMHIMHIE, 3TaMOyTOoJdFa, mupasuHaMmuiake, stnoHamuiake, [TACK,
KaHAMHIIMHTE YKOHE IUKIIOCEPUHIE) JKYPIi3iIeTiH aHTHOKCUIAHTTHI XKYHeHiH oencenainirine @C-1 nopiiik 3aThIHBIH
eHy xomimapeH 3eprrey. @C-1 mopimik 3aTel in Vitro SKCIIEPUMEHTTIK >KaFJalbIHIa TyOepKylie3 MHUKOOaKTepHs-
JIapbIHA 9CEp ETYAIH jKaHa MEXaHU3MIH, SIFHM MUKPOAF3aHbl TOTBIFY KYW3€TiCIHEH KOPFAHThIH CYyNEpOKCHANCMYTa3a
(depMeHTiHIH (QYHKIMOHAIIBIK OelCeHATiriH Oacyapl KepceTTi. BakTepusiblK >KacylmIaHBIH TOTBIFY CTpeciHe
TO3IMIUITIH JKOFAITYBl, SIFHH JKOFapbl YBITTHI OTTErl PpaJWKAIBIH OeHTapanTaHAblpy KaOlleTi »KacylIajbIK
KYPBUIBIMIBI, METAaOOJNUKAJBIK J>KOHE OSHEPreTHKAIbIK MpPOLECTep MEH TBIHBIC iy >KyHeciH Oy3albl JKoHE
HOTHXKeciHae oiiM Tyasipansl. PC-1 mpenaparsiMer 4 MKI/MJI KOHUEHTPALMACBIH/A dcep eTKeHHeH keliH Hi;Rv
mITaMbl TyOepKylle3 MHKOOAKTepHSUIApPBIHBIH aHTHOKCHAAHTTH Oencenainiri 90,64%-ra, am OCBI IITaMHBIH
0aKTepusUIbIK KYJIbTYpachlHa 2 MKI/MJ KOHIEHTpauusichiHna 89,07%-ra TexkeneTiHi aHBIKTaJIbl. AJBIHFaH
HOTIDKENIep alKbIH MHTHOUTOPIBIK dcepiH OaiKarteim, koHIeHTpanusga @C-1 ocepinern Hz;Rv mramer TyOepkymes
MHUKOOAKTEpHUsUIApbIHBIH OaKTepHSUIBIK KYyJIbTYPAChIHIAFbl CYNEpOKCUANUCMYTa3a (GepMEeHTIHIH (QYHKIMOHAIIBIK
OenceHaLNiriHiH aWTapiblkTaii OaceurFaHblH  kepcereni. Kypameinga wuoael 6ap @©C-1  mopinmik  3aThIHBIH
aHTHOKCHUJIAHTTHI XYHere ocepin ykcac 3eprreynep M.tuberculosis xken nopire Te3iMiai mramm 320 GaKTEPHSUIBIK
KyJbTypachlHa JKyprisinmi. byn perre 4 mMxr/mn konuentpaumusgarsl @C-1 mpenapaTblHBIH aHTHOKCHIAHTTHIK
6encenainiri 99%-ra TexeseTiHI aHBIKTANbI, all 2 MKI/MiI KoHUeHTparumschinna O@C-1 npenaparst 320 mTaMbIHbIH
AHTHOKCHIAHTTHIK Oesrcenainiria 98%.-ra 0acenaeremi.

Ocpuraiima >Kypri3iireH 3eprreyiiep 4 MKI/MI JkoHE 2 MKI/MJI 3epTTelieTiH KoHUeHTparmsgarsl OC-1
npenapareiHblH, H371v pedepeHTTIK ce3iMTal IUTaMbIHBIH 1a, KeIl xopire te3iMai 320 mrambIHBIH Ja TyOepKylie3
MHUKOOAKTEPHUSCHIH/A CYNIEPOKCUAIMCMYTa3a (PePMEHTIHIH (YHKIIMOHANIBIK OSJICEHIIITIH allKbIH TeXey TETIriHe ne
eKEeHIIITH KepceTTi. byl MUKpPOOpPraHW3MHIH OJHEPTreTUKANBIK KAKETTUIMH KaMTaMachl3 €TeTiH OaKTepHsUIBIK
KyJIbTYypa/ia THIHBIC ally IPOLECIH KYPaWThIH TYPJIi XUMHSIIBIK KOCBUIBICTAP/ABIH TOTBIFY-TOTBIKCBI3IaHy ©3repicTepiH
Oy3asl.

Tyiiin ce3aep: kypambiaga ox 6ap ®C-1 mpenapatsl, TyOepKyJie3 MUKOOAKTEpUsUIAphl, OaKTepus >Kacyla-
CBHIHBIH aHTHOKCH/IAHTTHI XYHe pepmeHTTepi, cynepokcuaaucmyrasza (COMl), YK-criekrpomerpus
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Bb.®.Kepum:kanosa, A.Bb. Ixxymarasuesa, H.B. AxmaTynnna,
K.A. UckakbaeBa, E.H. Caxunosn

AO «Hayunslil neHTp TPOTHBOMH()EKIIMOHHBIX TIPETIAPATOBY

NHI'MBUPYIOILIEE IlEfICTBI/IE JEKAPCTBEHHOTI'O CPEJICTBA ®C-1 HA CACTEMY
AHTHOKCHUJAHTHOU 3AIIUTHI MUKOBAKTEPUU TYBEPKYJIE3A

Annoranus. [IpencrasieHsl pe3yibTaThl MHIMOMPYIOIETro [eHCTBHS JekapcTBeHHoro cpexactBa ®C-1 Ha
AQHTHOKCH/IAHTHYIO CHUCTEMY IIaTOT€HHBIX MMKOOakTepuil TyOepkyies3a, B T.4. pesucteHTHoro MJIY- mramma.
N3yyenne BnusHuUs nekapctBeHHOro cpencrBa @C-1 Ha aKTMBHOCTh aHTHOKCHJAHTHOM CHCTEMBI NPOBENCHBI Ha
pedepentaom mwtamme Mycobacterium tuberculosis Hy;Rv u MJTY (x pudamnununy, n30HHa3U Iy, CTPENTOMULMHY,
3TaMOyTONy, mNUpasuHamMuny, dSTuoHamunmy, [IACK, kaHaMumumHy W UUKIOCepuHY) Iutamme Mycobacterium
tuberculosis 320. JlekapctBenHoe cpenctBo @C-1 B 3IKCHEPUMEHTANBHBIX YCIOBUAX [N Vitro TOKa3al HOBBII
MEXaHW3M JEHCTBUS Ha MHKOOaKTepHH TyOepKyie3a — TMojaBlicHHe (DYHKIIMOHAIBHON aKTHBHOCTH (epMeHTa
CYNEPOKCUAINCMYTA3bl, 3alUIIAONIET0 MHKPOOPTaHU3M OT OKHCIMTENBHOTo crpecca. lloTepst OakTepuanbHOMN
KJIETKOM YCTOHYMBOCTH K OKHCIHTEIBHOMY CTpecCy, T.6. CHOCOOHOCTH HEHTPanu30BaTh BBICOKOTOKCHYHBIE
KHCJIOPOZHBIE paJUKabl BEIET K Pa3pyIICHUIO KIETOYHBIX CTPYKTYP, METa0OJIMYECKMX M OSHEPreTUUECKHX
MPOLIECCOB, HApPYUICHHIO JIbIXaTEJIbHOW CHCTEMBI M , KaK CJEJCTBHE, K ee TIuOenu. YCTaHOBJIEHO, YTO
aHTHOKCH/IaHTHAsI aKTUBHOCTh MUKOOaKkTepuil TyOepkyinesa mramma Hi;Rv nocne Bo3neiicteust npenaparom ®C-1 B
KOHLEHTpauusix 4 MKr/min uHruompyercst Ha 90,64 %, Toraa Kak B KOHIIEHTpanWHM 2 MKI/MJI Ha OakTepHAIbHYIO
KynbTypy nAaHHoro mTamMa — Ha 89,07 %. IlomyueHHblE pe3ynbTaTbl CBUAETENBCTBYIOT O CYIIECTBEHHOM
NOJAaBICHNN (YHKIMOHAIBHOW aKTUBHOCTH ()epMEHTa CYNEpOKCHAIMCMYTa3bl y OaKTepHallbHOM KyJBTYpBI
MukoOakTepuii TyOepkyine3a mramma Hji;Rv mom BosmeiictBuem ®C-1 B maHHBIX KOHIICHTPALHUSAX, MPOSBISL
BBIPKEHHOE MHTUOUpyoliee eiicTBIE. AHAIIOTHYHbBIE UCCIICAOBAHMUS BIMSHHUS HOACOACPIKAIIETO JIEKAPCTBEHHOTO
cpenctBa @C-1 Ha aHTHOKCHIAHTHYIO CHCTEMY TIPOBEICHBI Ha OaKTepHaNbHYIO KyIbTypy M.tuberculosis
MHOXKECTBEHHO JICKapCTBEHHO Yycroiumoro mramma 320. IIpu 3TOM yCTaHOBIEHO, YTO AHTHOKCHAAHTHAS
akTiBHOCTH mpernapara ®C-1 B xoHueHTpauuu 4 MKr/mi uHruoupyercs Ha 99 %, Torna kak B KOHLIEHTPALUIX
2 mkr/mu npenapar @C-1 noxapiseT aHTHOKCUIAHTHYIO aKTUBHOCTD IitamMa 320 Ha 98%.

Takum 00pazoM, NpoBeJEHHBIE HCCIIEI0BaHUs TT0Ka3any, 4yTo npernapatr OC-1 B uccineayeMbIx KOHIEHTPALHIX
4 MKr/Ma M 2 MKIr/mi o0jlalaeT MEXaHHW3MOM BBIPQKEHHOTO WHIMOMPOBaHMS (YHKIMOHAIBHOW aKTUBHOCTH
(epMeHTa CYNEpOKCHUIANCMYTa3bl Y MUKOOAKTEepUi TyOepKyne3a Kak pe)epeHTHOr0 YyBCTBHTEIBHOIO IITaMMa
H;;Rv, Tak 1 MHOXECTBEHHO JIEKapCTBEHHO ycToWuuBoro mramma 320. DTO HPUBOAUT K HAPYLIEHUIO OKUCIH-
TEJIbHO-BOCCTAHOBHUTEJIFHBIX TPEOOPAa30BaHUil PAa3IMYHBIX XUMUYECKUX COCTMHEHHH, 00pa3yromIuX IbIXaTeIbHBINA
npouecc y 6akTepruaIbHON KyJIbTyphl, 00€CIIEUNBAIONINX SHEPTETHYECKYIO OTPEOHOCTh MUKPOOPTaHU3MA.

KuaroueBsie cioBa: monconep:kammii npemapatr @C-1, mukobakrepun TyOepkyie3a, (pepMEHTH aHTHOKCH-
JTAHTHOM CHUCTEMBI OaKTepHaIbHOH KIIETKH, cynepokcuanucmyTaza (COM), Y O-criekTpomeTpus.
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YBaxxaemble aBTOpPbI HAYYHbIX KypHaaoB HAH PK!

IIpesuniuymom HAH PK npunaro peinieHue, B 1LEISIX IOBBIIICHUS
MEXIYHApOJHOTO PEUTHHTA aKaJeMUYECKUX H3JAaHUN, OOBEAMHHUTH CIEAYIOIINE
3 )xypHana, HaunHas ¢ Ne 5 (ceHTs0pb-0KTA0ph), 2020 T., ¢ BBICOKOPEHTUHTOBBIMU
xypHaiamu HAH PK, Bxogsmmmu B MmexayHapoanabie 6a3sl Scopus, WoS u ap.:

1. «M3BecTusi HAH PK. Cepusi OMoJIorn4ecKuXx M MeAUMUUHCKUX HAYK)
00bennHuTSH ¢ )xypHanoM «Jlokmaasr HAH PK»;

2. «3Bectust HAH PK. Cepus arpapubix Hayk» — «{oxnaast HAH PKy;

3. «3Bectust HAH PK. Cepusi 0011ecTBEHHBIX U TYMAHUTAPHBIX HAYK» —
¢ )kypHaiioM «Bectauk HAH PK».

Cratbu, KoTopble nmyonukoBasivch B xypHanax «M3Bectus HAH PK. Cepus
ouonornyeckux u meauuuHckux Hayk» u «M3ectuss HAH PK. Cepus arpaphbix
HayK», BIpeab OyayT nmyonukoBathes B xKypHaie «/lokaaast HAH PK», a cratsy,
nyonukyemble B kypHane «M3Bectus HAH PK. Cepus oOuiecTBeHHBIX H
ryMaHUTapHbIX HAyK», — B )KypHalie «Becthuk HAH PK».

[Ipu nmogade craTteil MpocuM yKa3blBaTh HAa3BaHUE KypHAJIa U OTPACIb HAYKH,
COTJIACHO MPEACTABICHHOTO MEPEYHs (CM. HUKE) B JAHHOM KypHAJIe:

I. Hayunbii xypnan «Bectnuxk HAH PK» mnocssiieH wuccrnemoBaHusiM (yHIaMEHTaIbHOW HayKH
(rymMaHUTapHBIE U €CTECTBEHHEIE):

PeﬂaKHI/IOHHaﬂ KOJUJICT U IIPUHUMACT CTATbU IO CJICAYIOINUM OTPACISIM HAYKU:

1. I'ymanuTapHble (3KOHOMHKA, IOPUCTIPYACHINS, UCTOPHS U apXEOJIOTHs, OJUTOJIOTHS M COLMOJIOTHS,
¢uocodus, hutonorus, nexaroruka v MCUX0JI0TUS, IUTEPaTypOBEACHHIE, HCKYCCTBOBEICHNUE)

2. EcrecTBeHHbIe (acTpoHOMHUSA, (HU3UKA, XUMHS, OHOJIOTHS, Teorpadusl U TeXHUIecKre Hayku). [Tpumepst
TEeXHHYECKHX HAayK: KOCMOHAaBTHKa, KOPaOJIECTPOCHUE, MAIIMHOCTPOCHUE, CHCTEMOTEXHHKA, JIEKTPOTEXHUKA,
3NIEKTPOCBA3b, PAILUOAICKTPOHHKA, SACPHAS SJHEPTreTHUKA U T. 1.

Appec carnta «BectHuk HAH PK» — http://www.bulletin-science.kz/index.php/en/arhive

II. Hayunmsii xypaan «Joxmaast HAH PK» mnocesmeH wccrenoBaHusM B OONACTH TONXYYICHHUS
HaHOMAaTEPHAIOB, OMOTEXHOJIOTHUH U SKOJIOTHH.

PC,HaKL[I/IOHHaH KOJUIETHUA IPUHUMACT CTAThH 110 CICAYIOIIUM OTPACIAM HAyKHU:

1. I[Tomy4yeHrne HAHOMATEPHAIOB B 00JIACTH €CTECTBEHHBIX HAYK, MEHIINHBI U CETIBCKOTO XO03SHCTBRA.
2. BuoTexHoorus B 3eMJISICIINH, PACTCHUEBOACTBE U 300TEXHUKE.

3. O0mas 61oIOrus U OMOTEXHOJIOTHS B MEIULIMHE.

4. DKoaorus.

5. ATpOIpOMBIIITIEHHBIH KOMIIJIEKC.

Anpec canta «doknagbl HAH PK» — http://reports-science.kz/index.php/en/archive

Kpome Ttoro, B xypnamax «W3Bectus HAH PK. Cepus ¢wusuko-
marematudeckas», «Ws3sectus HAH PK. Cepus xuMuu U TEXHOJOTMN» H
«M3Bectus HAH PK. Cepus reonornn v TEXHUYECKMX HAYK» TaKKE YKa3aHbI
OTpaciy HayKH, IO KOTOpbIM OyAyT MpPUHUMATHCA HAyYHbIE CTaThbu MJIs
AKCIIEPTU3bI U JAJIbHENUIEro 0nyOJIuKOBAHMUS:



III. Hayunsrit xxypHan «A3Bectust HAH PK. Cepusi pu3uko-maTeMaTHuecKkas MOCBSIICH HCCICIOBAHUIM
B 00JTaCTH MaTeMaTHUKH, PU3UKH U HH)OPMAITIOHHON TEXHOJIOTHH.

PC,HaKL[I/IOHHaH KOJUIETUA IPUHUMACT CTAThH 110 CICAYIOUIUM OTPACIAM HAyKHU:

. MaTemMaTHKa.

. Madopmaruxka.

. MHTeNnNeKTyanpHbIi aHAIN3 JaHHBIX U PACIIO3HABAHUE 00PA30B.
. MaremaTiyeckoe MOAEIMPOBAaHNE COLMATBHBIX H SKOHOMHYECKHUX MPOLIECCOB.
. Mexanuxka.

. MexaHuka MammH 1 poOOTOB.

. Teopwust ynpaBieHUst 1 KOCMHYECKUE UCCIIEIOBAHMS.

. Ousuka.

. SlnepHas ¢uznka.

10. Teopetnueckast pusuka.

11. ActpoHOMUSI.

12. Nonocdepa.

O 00 31O L K~ Wi —

Agpec caita «UN3Bectna HAH PK. Cepus ¢mnsmko-maTtemaTnyeckasa» —
http://physics-mathematics.kz/index.php/en/archive

IV. Hayunsiit xxypHan «3Bectusi HAH PK. Cepusi XuMuM ¥ TeXHOJOTMii» MOCBAIIEH UCCIEIOBAHUSIM B
00J1aCcTH XUMHH U TEXHOJIOTHI HOBBIX MATCPHAIIOB.

PeﬂaKHI/IOHHaﬂ KOJUJICT U IIPUHUMACT CTATbU IO CJICAYIOINUM OTPACISIM HAYKU:

. Opranuyeckas XuMusl.

. Heopranuueckast xumusi.

. BeIcOKOMOeKyIApHBIE COSTUHEHNS.

. ©u3nygeckas XuMus (KaTalu3, SJICKTPOXUMIS).
. TexHONIOTHsI HOBBIX MaTEPHAJIOB.

. TexHOTOTHSI OPTaHNYIECKHUX BEIIECTB.

. TexHOTIOT I HEOPTaHMYECKUX BEIIECTB.

. TexHonoruss XMuMHYECKUX YAOOPECHUI.

. TexHOJO0Trus MOMMMEPHBIX U CTPOUTENBHBIX MATEPHAIIOB M CUJTUKATHI.
10. TexHOJIOTHS MUIIEBBIX TPOJAYKTOB.

11. ®apmaneBTHUECKasi XUMUSL.

O 0031\ L K~ Wi~

Appec canta «UN3Bectna HAH PK. Cepusi xumMuun 1 TexHonormm» —

http://chemistry-technology.kz/index.php/en/arhiv

V. Hayunsiii xypuan «H3Bectussi HAH PK. Cepus reonorum M TeXHHYECKHX HAYK» TIOCBSIICH
UCCIIEJOBAaHMAM B 00JIACTH T€OIOTUH U TEXHMUYECKUX HAyK:

Pe}IaKLII/IOHHaﬂ KOJIJICT U MPUHUMACT CTATbH IO CJICAYIOINUM OTPAC/IsIM HAYKU:

. I'eonorus.

. PernonanpHas reojorus.

. [lerponorusi.

. l'eonorus vHedty u raza.

. 'eonorust 1 reHe3uc pyAHBIX MECTOPOXKIEHUI.
. 'mpporeonorusi.

. 'opHoe neno u reoMmexaHuka.

. ®yHIaMeHTaIbHBIE TPOOIIEMBI 00OTAICHUS MUHEPAIEHOTO CHIPHSL.
. mxenepHast reosiorusi.

10. T'eousrka u celicMOIOrHs.

11. T'eorpadmus.

O 01N LN KW~

Appec canTta «M3Bectnsa HAH PK. Cepusa reonormm n TeXHM4eCKNX HayK» —
http://www.geolog-technical.kz/index.php/en/archive



