ISSN 2518-1491 (Online),
ISSN 2224-5286 (Print)

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIbIM AKAJJEMUACBIHBIH

J1.B. CokonbCKHMi aThIHAAFBI
«Kanapmaii, kaTaaus KoHE IEKTPOXUMUS HHCTUTYTh» AK

XABAPJJAPDI

N3BECTUA NEWS

HAHHOHAHBHOIZ AKAJIEMHWN HAYK OF THE ACADEMY OF SCIENCES

PECITYBJIMK1 KABAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

AO «HCTUTYT TOIUIMBA, KaTainu3a u JSC «D.V. Sokolsky institute of fuel, catalysis

anekTpoxumun M. J1.B. COKoIbCKOTOY and electrochemistry»
SERIES

CHEMISTRY AND TECHNOLOGY
5-6 (449)
SEPTEMBER - DECEMBER 2021
PUBLISHED SINCE JANUARY 1947

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

NAS RK is 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.

KasakcmaH Pecriybniukacbl ¥nmmbiK fbiribiM akademusicbl «KP YFA Xabapnapbi. Xumusi XoHe
MeXHOI02Usi cepusiChbl» FblbIMU XypHarnbiHbIH Web of Science-miH )aHanaHraH Hyckacbl Emerging
Sources Citation Index-me uHOekcmeryee KabbindaHraHbiH xabapnaliObl. byn uHOekcmery
bapbiceiHOa Clarivate Analytics komnaHusicbl XXypHanObl oOaH opi the Science Citation Index
Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday moacerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, 6acrnawbinap
MeH Mekemerniepae KOHmeHm mepeHOiei MeH canacbiH ycbiHaodbl. KP ¥FA Xabapnapbl. Xumusi
JXKoHe mexHoroausi cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH
€eH e3eKkmi xoHe 6edendi XuMusrnbiK fblibiMOap 6olbiHWa KOHmMeHmke adandbirbiMbi30bl 6inndipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «M3eecmust HAH PK. Cepusi xumuu u mexHosoauui»
6b11 IpuHsIM 0151 uHOeKcuposaHusi 8 Emerging Sources Citation Index, o6HosneHHou eepcuu Web of
Science CodepxaHue 8 amom UHOEeKCUpoB8aHUU Haxo0umcsi 8 cmaduu paccMOMmpPeHUsi KoMraHueu
Clarivate Analytics dns danbHeliwezo npuHamus xypHana 8 the Science Citation Index Expanded,
the Socia1l Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science
rnpednazaem kKadyecmeo 8 enlybuHy KoHmeHma Ornsi uccriedoeameriel, asmopos, uddamernel u
yypexoeHul. BkrroyeHue Usgecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem
Hawy rnpuesepXeHHOCMb K Hauboriee akmyaribHOMY U 61usimesibHOMY KOHmMeHmMy Mo XUMUu4ecKum
Haykam Os1 Haue2o coobuwecmea.
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PREPARATION AND PHYSICO-CHEMICAL CHARACTERIZATION OF ORGANIC
MODIFIED CLAYS WITH GRAFTED ORGANOALKOXIDES

Abstract. Natural clays are inexpensive and easily accessible materials. If properly modified their
characteristics can be changed to make them cheap and available industrial adsorbents. In this work natural
clays from the Shymkent deposit of Kazakhstan were used and modified to obtain organo-clays to improve the
adsorption properties, by introducing organic compounds into the natural clays.

A new hybrid organoclay material (denoted DMSO-K) was obtained by feeding dimethyl sulfoxide
(DMSO) into the interlayer space of kaolinite (K) using the kaolinite/DMSO compound as an intermediate
product. Various analyses were used to describe the obtained adsorbents, such as infrared spectroscopy (IR),
X-ray diffraction (X-ray diffraction), differential thermal analysis (DTA) and elemental analysis, among others.
The organic molecules located in the interlayer space caused significant changes in the morphology of pure
kaolinite.

The results of studies of adsorption characteristics of the initial and of the modified natural clays are
presented revealing the suitability of the developed materials.

Key words: Kaolinite, thermal analysis, intercalated grafting, dimethylsulfoxide-DMSO, natural clay,
modified clay, organoclay.

Introduction. The kaolin group includes minerals: kaolinite, halloysite, dickite, and nacrite from which
the first two are of industrial importance [1]. White or near white kaolinite powder is mainly used for paper
coating, paper filling, and traditionally in ceramics [1]. Halloysite deposits are rare and unique, however where
possible the mineral is used as an additive in the production of high quality ceramics. On the other hand
another area of the use of kaolin minerals that is growing continuously in the last decade is the preparation of
kaolin group-based materials which are used as sorbents, catalysts, molecular sieves and fillers in the synthesis
of polymer nanocomposites [2-6]. Structure of kaolin group minerals is built from differentially stacked 1:1
layers. In contrast to 2:1 layered minerals e.g. montmorillonite, the kaolinite layer composed of octahedral (Al)
and tetrahedral (Si) sheets is asymmetrical. It was shown that the inner surface hydroxyls of the octahedral
sheet may react with selected organic molecules to form grafted complexes through formation of Al-O-C type
bond [7,8]. Thus, the kaolinite layer may play the role of a building block for the materials with new properties.
Current studies showed the possibility of grafting reactions with e.g. alcohols [7], diols [9], organic acids
[8], ligands [10], and aminoalcohols [11]. The advantage of the grafted materials over classical intercalates
is their high thermal stability and resistance to washing with water [7,11]. Recently the grafting reaction of
triethanolamine followed by methylation reaction with iodomethane in the interlayer space of the mineral was
reported [12,13]. This induced a positive charge connected with the formed ammonia nitrogen balanced by
iodide ions. Previous studies confirmed the availability of the charge for Cr (VI) anions which penetrated the
interlayer space [12]. The anions were ion-exchanged for iodide ions and such modified kaolin group minerals
showed improved anion sorption properties in contrast to raw minerals with low affinity to anionic species.
Apart from possible application for waste water treatment its use for coating of the electrodes in analytical
chemistry for the anions detection was reported [14].

Functional organic species can be immobilized and stabilized in natural clays, obtained what is known
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as organoclays. Organoclays represent a universal field of research, which is due, in particular, to the wide
availability of natural clay minerals and their ability to include a wide variety of functional molecules, including
polymers [15-21]. Due to the strong interactions between tetrahedral and octahedral sheets through H-bonds
and dipole interactions, direct intercalation of bulky compounds into the kaolinite interlayer space has not yet
been recorded. However, compounds obtained as a result of intercalation of small dipole compounds, such
as dimethyl sulfoxide (DMSO), N-methyl formamide (NMF) or urea, can be used as precursors for further
intercalation of other organic molecules or polymers. The interaction between organic guests, as dimethyl
sulfoxide organic compounds, and kaolinite is mainly due to weak Van der Waals interactions. These materials
do not resist water treatment. When treated with water, the guest is displaced from the interlayer spaces, leading
to the formation of kaolinite hydrates [22]. In the case of organic fragments grafted into the natural clay, they
are covalently bound to octahedral layers after reaction with aluminol groups. These compounds strongly
resist hydrolysis by water. In this article, the data of thermal analysis (TG and DTA) in combination with
X-ray diffraction (XRD) data, elemental analysis and spectroscopic analysis of ICS are used for qualitative
and quantitative characteristics of various natural clays and modified clays obtained from the use of organic
compounds.

Experimental. Material and Solid Synthesis. Natural clays from the Shymkent deposit of Kazakhstan,
C,H,OS - dimethyl sulfoxide (DMSO), distilled water (H,0), C,H,O, - dioxin, C;H,O - isopropanol were
obtained from the Shymkent deposit from Kazakhstan are presented.

Method for obtaining organo-clays. The natural clay from Shymkent deposit was crushed into powder in
a mill and sorted through a sieve No. 0.063. 6 g of the kaolinite clay was washed with 6 L of water and 30 mL
of DMSO and 2.5 mL of water were further added to the mixture. The suspension was kept under magnetic
stirring for 5 days at a temperature of 80 °C. Then, the mixture was left for 2.5 days at room temperature. The
resulting material was recovered after two series of washing-centrifugation using first dioxane (2 x 25 mL),
then isopropanol (2 x 25 mL). The product was finally dried at a temperature of 50 °C.

Materials Characterization and Analytical Methods. Table 1 and Figure 1 shows the contents of elements
in the starting natural clay. As it is noted in Table 1, the Shymkent clay is rich in silicon (25.38%), calcium
(10.69%) and aluminum (6.53%).

Table 1. Elemental composition of the natural clay from the Shymkent deposit

Natural clay| Weight of the element (%)
from 0O Na Mg Al Si Cl [K Ca Ti Fe Result

Shymkent 48,01 1,14 [1,91 6,53 25,38 |- 2,10 (10,47 |0,34 4,12 100,00
Results in connections %.
Na,O MgO |ALO, |SiO, [SO
1,59 3,32 1297 |57,45 |- - 2,70 15,74 |0,60 5,62 |100,00

Cl [KO [CaO |TiO FeO |Result

3 2

The results of the elemental composition of the natural clay and of the modified clay were obtained using
EMP analysis (Fig. 1).

Full scale 2735mm, Cursor 0.000 keV

Figure 1. Elemental composition of the natural clay from Shymkent
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To determine the quantitative ratio of the crystalline phases of alumina in the natural clay from Shymbkent,
the samples were subjected to X-ray diffractometric analysis. The results are shown in Figure 2.

Diffractograms of a sample of natural clay are carried out on an automated diffractometer DRON-3 with
SiKa radiation, a § — filter. Conditions carinf.com It is not responsible for diffractograms: U=35 kV; [=20 mA;
shooting 0-20; detector 2 cities/min (Fig. 2.).
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Figure 2. Diffractogram of the natural clay form Shymkent

X-ray phase analysis on a semi-quantitative basis was performed using diffractograms of powder samples
using the method of equal attachments and artificial mixtures. The quantitative ratios of the crystal phases
were determined. The interpretation of diffractograms was carried out using data from the ICDD card file:
PDF2 powder diffraction data base (Powder Diffraction File) and diffractograms of minerals free of impurities.
Shooting conditions: Diffractometer DRONE-3.0; accelerating voltage-35 kV; anode current-20 mA

The analyses were performed on a derivatograph of the company “MOM?” - Budapest (Hungary). The method
used is based on the registration by the device of changes in the thermochemical and physical parameters of
a substance that can be caused when it is heated. The thermochemical state of the sample is described by the
curves: T (temperature), DTA (differential thermoanalytic), TG (thermogravimetric) and DTG (differential
thermogravimetric), the latter curve is a derivative of the TG function. DTA-DTG - TG-

The analysis was carried out in an air environment, in the temperature range from 20 to 1000°C The heating
mode of the furnace is linear (dT/dt = 10 degrees/minute), the reference substance is calcined Al O,. For
clarity, the shooting conditions of the sample sample was strictly 200 mg, with the sensitivity of the scales-100
mg. The analysis was taken within the following limits of the measuring systems of the device: DTA =250 uV,
DTG =500 pV, TG= 500 pV, T =500 pV.

The sample and the reference substance for analysis were placed in ceramic crucibles.

Results and Discussion. The results of semi-quantitative X-ray phase analysis are gathered in Table 2.

Table 2. Results of semi-quantitative X-ray phase analysis of Shymkent

Mineral Formula Concentration, %
quartz SiO, 54.2
kaolinite AL(S1,0,)(OH), 10.6

chlorite (Mg,Fe) Al(Si,ADO, (OH), 3.6

mica KAIL(AISi,0, )(OH), 2.5

PS (albite) Na(AlSi,O,) 4.8

calcite Ca(CO,) 13.3

KPS KAISi,0, 4.0

gypsum Ca(S0,)(H,0), 3.1

tremolite (Ca, Na, Fe),Mg Si,0O,,(OH), 3.8
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The result of the analysis established that the sample of the studied Shymkent clay belongs to the group
of layered silicates-kaolinite Al (Si,0,)(OH),, with a low amount of chlorite (Mg,Fe),Al(Si,AD)O, (OH),,
admixtures of muscovite KAL(AISi,0,)) (OH),,Na[AlSi,O,](albita) Na(AlSi,O,), Ca(SO,)(H,0),, KALSi
(orthoclase) KAISi,O, and thermolite (Ca, Na, -Fe) Mg Si O,, (OH), Possible impurities with a low content
and unambiguous identification may be present due to the existence of only 1-2 diffraction reflexes, the absence
or poor crystallization of chemical composition data.

The natural clays of the Shymkent deposit and the modified clays were also subjected to a comprehensive
study by FTIR spectroscopy. FTIR spectra of all compounds were recorded in solid form in KBr tablets. The
decoding of the spectra is carried out by a database that includes the characteristic oscillation frequencies of
the reference publications of the program. The obtained results are given in Figure 3.

a) b)
Figure 3. FTIR spectrum of a) natural clay from Shymkent, b) modified clay DMSO/Shymkent

The analysis of the FTIR spectra shows that the main bands in the natural clays belong to the valence
bonds of silicon with oxygen and of hydrogen with oxygen. The OH stretching, Si-O stretching fluctuations,
and bending peaks of crude kaolinite in the ranges 3700-3200, 1650-1000 and 950-450 cm!, respectively,
are shown in Fig. 3a. The mineral kaolinite has four FTIR-active hydroxyl stretching bands centered at 3550,
3500, 3450, and 3220 cm, originated from different hydroxyl groups [23]. The three peaks of the higher
frequency oscillations belong to the regions of hydroxyl groups on the inner surface, the intensity and position
of these bands usually depend on the intercalation and grafting of the guest molecule, while the peak at a lower
frequency (3220 cm™) corresponds to internal hydroxyl groups and, as a rule, does not depend on intercalation
and grafting of the guest molecule [24]. In addition, the kaolinite band at 880 cm' is attributed to fluctuations
of the hydroxyl groups of the inner surface during flat bending and is also sensitive to intercalation and grafting
processes, since the band at 750 cm™ is attributed to bending fluctuations of internal hydroxyls and is usually
not affected by intercalation and grafting of guest molecules [25, 26]. Direct intercalation of DMSO into the
interlayer space of kaolinite led to a significant decrease in the intensity of the hydroxyl band of the inner
surface by 3580 cm™! and the appearance of a new peak at 3200 cm™! (Fig. 3b). But this process did not affect
the peak of stretching of internal hydroxyl groups at 2974 cm™. The peak at 2513 cm™! occurs as a result of
the formation of an H-bond between DMSO and the hydroxyl groups of kaolinite on the inner surface. The
peak of stretching C=0 of liquid DMSO at 1793 c¢cm! shifted to 1591 cm™ for the K-DMSO complex, which
indicates that the DMSO molecule forms an H-bond with the hydroxyls of the inner surface through carbonyl
oxygen. In addition, the peak of CN stretching of liquid DMSO at 1298 cm™ is observed at 1356 cm™ for the
K-DMSO complex. In addition, the peak of deformation of N-H liquid DMSO at 1246 cm™ is observed with a
lower frequency at 1591 cm, and the peaks of stretching of C-H liquid DMSO at 2922, 2895 and 2716 cm™ are
shifted to 2716, 2679 and 2511 cm™, respectively, while the peaks of deformation of C-H liquid DMSO at 1880
and 1973 cm™! are located at 1541 and 1591 cm!, respectively, as a result of intercalation of DMSO species. In
addition, the loss of the intensity of the peak bending of the hydroxyl of the inner surface of kaolinite at 972cm-
! confirms that the DMSO molecule forms H-bonds with the hydroxyl of the inner surface of kaolinite [27, 28].

The results of thermal analysis (DTA and TGA) of the clay from Shymkent and of the modified DMSO/
Shymkent clay are given in Figure 4.

As a result of dynamic heating of these samples, the curves DTA, DTG and TG noted the manifestations
caused by the occurrence of various types of reactions in the system. Among them are the processes associated
with the release of H,O and hydroxyls into the atmosphere during the decomposition of clay minerals, reactions
with CO, emissions, as a result of the combustion of organic matter, as well as during the destruction of calcite.
During the thermal decomposition of its mineral components, were recorded two pronounced effects associated
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with the decomposition of plaster (in the range of 20-200°C) and with the dissociation of calcium carbonate (in
the range of 400-725°C), as observed in Figure 4a. According to the thermogravimetric curve, in the first case,
gypsum is dehydrated (in two stages) with a weight loss equal to Am1-0.3%=1.7%, which corresponds to the
presence of 8.1% gypsum in the sample.
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a) b)
Figure 4. Derivatogram of a) natural clay from Shymkent and b) modified clay DMSO/Shymkent

The modified Shymkent clay, when heated, noted on its curves a number of thermal effects of mainly
endothermic orientation, Fig.4b . The reactions that caused these manifestations occurred accompanied by
emissions from the molecular water system [Am1 (1.7%)], hydroxyls [Am2 (1.4%), Am5(1.0%)], carbon
dioxide from the decomposition of calcite, as well as as a result of joint losses [Am3 (2.5%) = OH (2.2%) +
CO, (0.3%) at destruction of kaolinite and combustion of S, respectively, Table 3.

Table 3. Thermo gravimetric readings of the natural and modified Shymkent clays in the range of 20-1000°C

Thermogravimetricreadings | Weight Loss | The amount Volatile components | Temperature range
Sequence of weight loss, in % | of the heated sample |of the decomposition
stage, °C
Naturalclay Shymkent Am 2 H,0 20-200
Am, 0,875 OH 200-400
Am, 7,38 CO, 400-725
Am, 0,125 OH 725-1000
YAm 10,38 H,0, OH, CO, 20-1000
Modified Shymkentclay Am 1,7 H,0 20-200
Am, 1,4 OH 200-300
Am, 2,1(0OH)+0,4(CO,) |COopr 300-~500
Am, 8,25 OH 500-720
Am, 1,0 OH 720-1000
YAm e 14,85 H,0, OH 20-1000

When heated, kaolinite leaves on the DTA curve a weakly expressed endothermic manifestation in the
range of 300-500°C and an equally weak exothermic peak in the region of 900°C. Thermal dissociation of
this mineral occurs together with the combustion of organic matter (OM). At the same time, kaolinite forms a
weight loss of the sample by 2.2% (OH?), and OM - by 0.3% (CO21). Thus, the content of this clay mineral
(according to its stoichiometric formula given above) corresponds to 8.3%, and the amount of organic matter
in the sample, in accordance with the emissions from the CO, system, is 0.3% of the mass of the sample.

Calcite showed itself most clearly during heating, leaving clearly defined peaks on the DTA and DTG
curves in the region of 700°C due to carbon dioxide emissions into the atmosphere. At the same time, the
weight loss of the sample was 8.25%, which corresponds to 18.8% of calcium carbonate in the composition of
the test sample.
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Table 4. The composition of the natural and modified Shymkent clays obtained by DTA and DTG

Ne | Composition of Shymkent clay

according to DTA and DTG

natural .Shymkent clay is obtained
according to the data of DTA and

Modified Shymkent clay
according to DTA and DTG

data DTG definitions in % data
1 |Quartz ~40 ~40
2 |Calcite 16 18,8
3 |Hydrosluda 7,3 8,8
4 |Kaolinite - 8,3
5 |Chlorite >1 8,3
6 |PlasterofParis 8,1 8,1
7 |SOorg - 0,3
8 |Thermally inert formations, <30 ~7,0

some of which are degraded
(dehydrated kaolinite),
thermolite, etc.

According to the thermogravimetric readings of the thermal installation and the control data of X-ray
analysis, gypsum — 8.1%, hydroslude — 8.8% and chlorite-8.35% were also determined. At the same time, the
weakly developed peak of polymorphic transformation of silicon dioxide, in the region of 500 °C, revealed the
presence of quartz - ~40%. According to the residual principle, the presence of a thermally inert substance ~7%
in the sample was revealed, Table 4. The mineral and material composition of the modified clay of Shymkent,
performed by thermal analysis is shown in Table 4.

The results obtained are close to the indications of the prepared sample of natural Shymkent clay. Some
discrepancies in the mineral content of the Shymkent clay, apparently, are related to the process of preparing
the sample.

Conclusions. Based on the results of the thermal analysis of a number of natural kaolinite characteristics
and taking into account the dehydroxylation temperature of the primordial clay (usually 510°C), it is possible
to predict the nature of the organoclays obtained by modification of kaolinite. In particular, a clear distinction
can be made between materials obtained by intercalation of organic molecules in the interlayer spaces of
kaolinite and materials obtained by their intercalation with subsequent covalent grafting on the inner surfaces
of kaolinite.

The characteristic vibrational characteristics of the organoclays were confirmed by the data of thermal
analysis and X-ray diffraction pattern. The thermal analysis data showed that the grafted thermal gravimetric
(TG) species were thermally more stable than the intercalated molecules in the kaolinite interlayer space. The
formation of a covalent bond (Al-O—C) between the OH group of the TG molecule and the hydroxyls of the
inner surface of kaolinite is the main reason for increasing the thermal stability of the hybrid material. The
morphology and surface area of pure kaolinite are affected by intercalation and grafting of molecules within
the distance between the galleries. The results obtained in this study can provide further insight that K-DMSO
materials can be used for the development of new clay-based organoclays with a relatively higher temperature
resistance.
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M.X. [ynaru atbiagarel Tapa3z OONbICTHIK YHUBEPCUTETI, XUMUSI JKOHE XUMHUSIIBIK HHKEHEpUs Kadenapachl,
Tapa3, KazakcraH.
E-mail: ali_2006.82@mail.ru

OPTAHOAJIOKCUATEPMEH ETTVI'EH OPTAHUKAJIBIK TYPJIEHAIPIJITEH CA3JJAPABI
AJLY, ®DU3UKAJIBIK-XUMUAJIBIK CUIIATTAMAJIAPBI

AHHoOTanus. byn makana aFblHIBI CylapiaH ayblp METalIapbl aly MocelelepiHe apHainraH. TaOuru
OaJIIIBIKTAP/Ibl TAlIaIaHy aFbIH/IBI CyJIapibl ayblp METalJapiaH Ta3apTy AOPEKECIH apTThIpajbl, OYJI 9JIic
ap3aH KOHE KOJ KeTiMJi OOJFaHABIKTaH OHBl OHEPKACINTIK COpPOSHT peTiHAe YChIHAabl. Tabwuru casmap
ap3aH JKOHE OHAW KOJI XKEeTIMJII MaTepraiap 0oibIn TaObuiabl. XUMHS OHEPKICIOIHIE KOFaphl COPOIUSIIBIK
KabinmeTi 6ap ca3map Aa KoimaHbuIaabl. MonudukamusIanFal ca3aapasl ainy YIIH TaOUFH ca3 KOJITAHBIIIEL.

66



Volume 5-6, Number 449 (2021),

CopOuusuibIK KacCHeTTepIi )KaKcapTy YILIiH TaOUFHU ca3bl OPraHOKJIeHTre aybICThIpyFa 0omaipl. OpraHuKaibik
JKEJIM — OpraHUKaJIBIK KOCBIIBICTapFa TAOMFU ca3Fa €HT13y apKbLIbl aJlaThlH HIpCE.

Kaonuuut/JIMCO KOCBIHABICHIH apaliblK ©HIM pEeTIHAE IaijasaHa OTBIPHI, KAOJHMHHUTTIH apalibIK
kericririne JIMCO ceby apkemiel JIMCO-K xaHa TtHOpHATI OpPTaHOTIWHIIK MaTepuail aJIbIHIBL.
AncopOeHTTep/i cunarray YIIH WHQPAKbI3BUI CIEKTPOCKOMUS (X), PEHTIeHOAU(PPAKTOMETPHSUIBIK Tajiay
(X-ray diffraction), nudpepenunans repMusiblk Tangay (JITA), snemeHnTTik Tannay xoHe T.0. CUSKTHI TYpIi
Tangaynap KoJIaHbUIIbL.

ApanblK  KEHICTIKTE OpHalacKaH OpraHWKajblK MOJeKyJjalap Ta3a KaolMHUT MOPQOIOTHSICHIHIA
aifrapneikraii e3repictep Tyabipabl.Kazakcranusiy [IbIMKEHT KalachlH/a KE€H OPHBIHBIH OacTaIlKbl JKOHE
TYPJEHIIPIITEeH TaOUFH Ca3bIHBIH COPOIMSIIBIK CUIATTAMAIIAPBIH 3€PTTEY HOTHKENEPl YCHIHBIIIBI.

Tyiinai ce3nep: KaOIMHUT, TEPMUSIIBIK Tal/Iay, MHTEPKAJIUPIICHTEeH €Ty, AuMeTmiIcyabdookca - JIMCO,
TaOWFH ca3, TYPJICHAIPUITeH ca3, OPraHOKJICH.
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HOJYYEHUSA U PU3UNKO-XUMHUYECKUE XAPAKTEPUCTUKHW OPTAHUYECKUX
MOJUPUIINPOBAHHBIX IVIMH C IIPUBUTBIMU OPTAHOAJIOKCUJIAMMU

AHHoTanus. /lanHas craThbs MOCBAILICHA NpoOieMaM M3BJICUECHUS TSKEIBIX METAJUIOB M3 CTOYHBIX BOI.
Hcnonbs3zoBaHne NPUPOIHBIX IIIMH MTO3BOJIUT YBEIUUNUTh CTENEHb OYUCTKN CTOYHBIX BOJ OT TSKEJBIX METAJUIOB
U MIPEUIOKHUThH €€ B Ka4eCTBE MPOMBIIUICHHOTO COPOSHTa 3a CUEeT JCIMIEBU3HbBI U JToCcTynHOCTH. [IpuponHsie
[JIMHBI SBISTFOTCS HEOPOTHUMH M JIETKOJOCTYITHBIMHU MaTepruajamMu. B XuMHU4ecKoi MpOMBINIIEHHOCTH TaKKe
HCTIOJIB3YIOTCSl IIIMHBI ¢ BBICOKOH COPOLIMOHHON CIIOCOOHOCTHIO ISl IoydeHne MoAu(pUIUPOBAHHBIX IIINH
HCTIO0JIb30BaJIach IPUPOHAs INIMHA. [ [pUpoIHYI0 TNTMHY MEHSIEM Ha OPTaHOKJICH [UIsl yITy4IIeHUs] COPOLIMOHHBIX
cBoiicTB. OpraHHblil KJIEH-3TO TO, UTO MBI ITOJIy4aeM, BBOAS OPraHUUECKHE COETUHEHNS B IPUPOAHYIO IIHHY

[Mony4en HOBBIM THOpHAHBII OpranormuHOBbIA Matepuan JIMCO-Knyremnocesa JIMCO BipoMekyTOUHOE
MIPOCTPAHCTBO KAOIMHHUTA C MCIIONb30BaHHEM coeauHeHus kaonuHuT/[IMCO B kadecTBe MPOMEKYTOUHOTO
npoxaykra. J[ias omucaHus ancopOEHTOB HCIOIB30BAIMCH PA3NNYHBIE aHANU3bI, Takue Kak WH(pakpacHas
cnexrpockomnusi (MKC), pentrenogudpakromerpruecknii ananus (X-ray diffraction), nuddepennnaipabrit
tepmuueckuil ananus ([TA), snementHeiii ananu3 u ap. OpraHuyecKue MOJEKYJbI, PACIOJIOKCHHbBIC B
MIPOMEXYTOUYHOM NPOCTPAHCTBE, BBI3BAIHM 3HAYMTEIbHBIC U3MEHEHHS B MOP(OJIOTHM YHCTOrO KAOIUHMTA.
[IpencraBneHsl pe3yabTaThl HCCIEIOBAHUN COPOLIMOHHBIX XapaKTEPUCTUK MCXOAHBIX U MOTU(PHUINPOBAHHBIX
npupoaHas ruHa u3 Kazaxcrana mectopoxaenus r.I1LbIMKeHT.

KuiroueBble c/10Ba: KAOJIMHUT, TEPMUUYECKUH aHAIIN3, THTEPKAJIMPOBAaHHAs IPUBUBKA, AUMETHUIICYIb(OOKCA-
JAMCO, npupoaHas ruHa, MOJU(PHUIIMPOBAHHAS TIIMHA, OPTaHOKIIEH.
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90-s1eTue akanemnka HanuonaabHou
akajgemun Hayk Pecnyosmku Ka3zaxcran

E.A.BEKTYPOBA

Hcnonnunoce 90 jeT co aHA poxIAeHUS U 65 JIET Hay4YHO-
MEearorHuecKoil 1 OOLIECTBEHHON AEATENIFHOCTH HW3BECTHOTO
YYEHOTO0 B 00J1aCTH (PU3HUYECKON XMMUHU BEICOKOMOJICKYIISIPHBIX
coenunenuit, akagemuka HAH PK, naypeara ['ocynapcTBeHHON
npemun Kaszaxcrana, 3acimyKeHHOro JesATesss HaykKH U
TexHukn Pecny6onukn Kasaxcran, 7okTopa XMMHYECKHUX HayK,
npodeccopa Ecena AbukeHoBrn4a bekTyposa.

E.A. Bexrypos ponuics 14 nexadps 1931 rona B . Tamkenre.

B 1949 romy oH mocTynuia Ha XUMHYECKHH (aKynbTeT
Kazaxckoro rocyqapcTBEHHOrO YHUBEPCHUTETa, TIAE 3areM
oOyuascs B acnupantype. B 1958 1. 3ammutun kanauaaTckyo, a
B 1972 . — MOKTOPCKYIO AiccepTanuu, B 1976 1. eMy IpHCBOCHO
yueHoe 3Banue npodeccopa. C 1958 1. mo 2009 r. on padoran
B Uncturyre xummnueckux Hayk AH KazCCP, rae mpomen myTe OT MJIAJIIEr0 HAy4HOTO COTPYAHHKA J0
3aBeaytomero jaboparopueir. C 2010 mo 2021 romer E.A. bekrypoB paboran mpodeccopom Kazaxckoro
HarmonansHoro negarornveckoro yauBepcutera. B 1983 1. E.A. bekTypoB n30paH B WIEHBI-KOPPECTIOH/ICHTHI,

a B 2003 . — B akanemuku HannonanbHoM Akagemun Hayk Pecryonuku Kazaxcras.

OcHoBHOe HayuHoe HampasieHue E.A. bekTypoBa cBsi3aHO ¢ (yHIaMEHTaJIbHbIMU HCCIIECIOBAaHUAMU B
obnactu hU3NUYEeCcKOl XMMUH HOIMMEPOB: BOAOPACTBOPUMBIC OIUMEPHI, TOTUIICKTPOIUTHI, ITOTHaM(OTUTEI,
KOMIUJIEKCHI ~ TTOJIMMEPOB, TOJMMEpHBIE KaTajJu3aropbl, HOHOMPOBOAIINE KOMIUIEKCH, THAPOTENH,
HAHOYACTULbl METAJUIOB, cTa0win3upoBaHHble nonuMmepamu. Ilo pesynabraram ucciaenoBaHMH B M3IAHHUAX
Kazaxcrana, OnrxHero u gajabHero 3apyoexbst omyonukosaHo 6osiee 800 padort, cpenn Hux 18 nzo0pereHui,
8 0030pHBIX cTareii B )xypHanax CIIA, CCCP, Duuukionenun nonumepHbix Matepuanos (CILIA). M3nano 32
MoHorpaduu, 6 u3 Hux B OPT, SAnonun, [Tonsmre, Poccnn n 4 yae6ubIx mocoowus. [{ukim padot E.A. Bektyposa
¢ coTpyaHuKamu «BogopacTBoprMBbIe MOJMMEpPHI U MX KOMIUIEKCH B 1987 1. Ob11 ynoctoen l'ocynapcTBeHHOM
npemun Kazaxckoit CCP.

WccnenoBanus E.A. bekTypoBa MONydmyid IUPOKOE TPHU3HAHWE B HAIIEH cTpaHe W 3a PyOekoM.
[TyOGnukanuu peryaspHO HIUTHPYIOTCS B MOHOTpagHsIX U CTAaThsIX YUCHBIX OJMKHETO U JajIbHEro 3apyOesKbsl.
MUHHCTEPCTBOM HAayKH U TexHUuYeckod monutuku Poccum E.A. BekTypoB Obin BKIIIOUEH B 0a3y JaHHBIX
«JIupepsr nHayku CCCP» B uncne 6-Tu HanOoIee MUTHPYEMbIX Ka3aXCTaHCKHUX YUYeHbIX 3a meproxa 1986-1991
rr. Ha monorpaduu E.A. bextypoBa ony0nukoBaHo 47 peueH3uil U3BeCTHBIX y4yeHbIX B xypHanax CCCP,
CLIA, ©PT, Yexun, Pympinun. Pesynerare! uccnenoBanuii E.A. bekTypoBa BKJIIOYEHBI B Psiji 0T€YECTBEHHBIX
1 3apyOexHBIX MOHOTpaduii, CIPaBOYHMKOB M YYEOHBIX MMOCOOWH, a TakKe CTUMYIHPOBAIU pPabOTHl B
HEKOTOPBIX J1a0OpaTopHsixX B HAIICH CTpaHe U 3a PyOe:KOM.

E.A. BexkTypoBbIM BHECEH KpPYIHBIH BKIaJ B pPa3BUTHEC (PU3MYECKOW XHMHHU IOJIUMEPOB, CO37aHa
IIMPOKO W3BECTHAs B MHpe HayyHas IIkoja. bonbmoe BHMMaHume E.A. BekTypoB ymenseT NMOAroTOBKe
BBICOKOKBAIM(UIIMPOBAHHBIX KaapoB. [loa ero pyKoBOICTBOM 3aIlUINEHO 35 KaHIUAATCKUX U 9 JOKTOPCKHUX
JICCepTalMii, B TEUEHUE PsAJIa JIET IPOYUTaHbl Kypchl Jekunii B KazaxckoMm 1 BunbHIOCCKOM yHUBEpPCUTETAX,
KazaxckoM XMMUKO-TeXHOJOrHYecKoM HHCTHTyTe. E.A. BekrypoB — ObUI wWiEHOM CHEeLHalIn3HpOBaHHBIX
CoBeTOB MO 3amMTe JOKTOPCKUX JAHUCCEpTallui, WIEHOM Hay4yHO-KOHCYJIBTaTMBHOTO COBETa KypHala
«X¥UMHS ¥ TeXHOJOTHS BOABD (YKpanHa) U MEXAYHApOIHOTO MCCIEI0BATEIbCKOTO COBETa AMEPHUKAHCKOTO
ounorpadpuueckoro Mucruryra (CILIA).

E.A. BekTypoB HEOAHOKPAaTHO MPEACTABISUI Ka3aXxCTAHCKYIO HAayKy 3a pyOeKOM, BbIe3Kas JJISl ydacTusi
B KaueCTBE JOKJIAJAUUKa WIM YIEHAa OPTKOMHUTETa B MEKIYHApOAHBIX KOH(GEPEHUUSAX U CUMIIO3UyMax, AJIs
YTeHUS JICKIIMA W TIPOBEICHUS COBMECTHBIX pabOT B BeAyIIMX HaydHBIX meHTpax Snonmn, OPI, Yexwun,
Typuuu, Upana, l'onnanguu, [serinapun, Uranuu, Kanasr.
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E.A. BekrypoB — 3acimyXeHHBIH Jedrenb Haykd U TexHuku PecnyOmukum Kaszaxcran (1993), maypear
TocymapctBennoit nmpemun Kazaxcrana (1987), maypear MexnyHaponHoro ¢ectuBans Xopesmu (Hpan) n
3onoroit menamun FOHECKO um. Humnseca bopa (1997) 3a Bkitag B pyHIaMEHTAIBHYO HAYKY, Jaypear MpeMUun
K.H. Carnaesa (20), naypesar ['ocynapcTBeHHOH CTHIIEHINH yUSHBIX, BHECIINX BBIAAIOLIMICS BKIIA/ B Pa3BUTHE
Hayku u TexHuku (2000), mouetHsid podeccop IlaBmomapckoro u CeMHUITaTaTHHCKOTO TOCYIapCTBEHHBIX
YHHUBEPCUTETOB, JaypeaTr OOLIeHAMOHAIbHONW He3aBucuMon npemun «Tapman» B HoMmuHaumu «Hayka»
(2003). 1o naHHBIM HE3aBHCHMOTO areHTCTBa akkpeautauuu U pedtunra E.A. bexrypos Bomén B Tom-30
JTydImux mpemnonasareneit Byzos (2017 1).

E.A. BektypoB HarpaxxieH MenaiasiMu «3a 1o0necTHbI Tpym», «Berepan Tpyna», «10 ner Koncturynun
Pecniyonuku Kazaxcrany, «65, 70 u 75 net I1oGens B Bennkoli 0Te4eCTBEHHOM BOWHE, a TAKXKE IPaMOTaMU
[Ipesunnyma AH KazCCP.

Cepaeuno no3apasisieM Ecena AbukeHoBHYa ¢ r001IeeM, )KenaeM eMy KPEIKoTo 310pOBbsl U AaTbHEHIINX
YCIIEXO0B.
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