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Bac penaxrop:
ZKYPBIHOB Mypar ’KypbIHYJIbI, XUMHS FBUIBIMIAPBIHEIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukacel ¥ ITTHIK FBUTBIM akaieMusichiHbIH npe3ueHTi, AK «J1.B. Cokonbckuii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE dJICKTPOXMMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus aakachl:

OJJEKEHOB Cepra3bl MbIHxkacapyJibl (0ac pegakTOpIbIH OpbIHOACAPHI), XMMUS FHUIBIMAAPBIHBIH
JoKTopsI, mpodeccop, KP ¥FA akagemuri, « Dutoxumunsy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOITUHTTHIH
mupekropsl (Kaparannsl, Kazakcran) H = 11

AI'ABEKOB Buaamumup EnoxoBuu (6ac pemaxtopiablH OpbIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
JokTopsbl, npodeccop, berapycs YFA akanemuri, Kana marepuaniap XuMUsICbl HHCTUTY TBIHBIH KYPMETTI
JupekTopsl (Munck, berapycs) H =13

CTPHAJ Mupocaas, npodeccop, Uexust FbUIBIM aKaJeMHUACHIHBIH ODKCHEPHUMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoyn, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUsI FEUTBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA axanemuri,
on-Dapadu areigarsl Kaz¥Y Y-npiy 6ipianm npopexropsl (Anmarsl, Kazakcran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®Papmauesruxa ¢daxysnpreTiHin Papmakornosus
KadeapachHEIH MeHrepymrici, JKapaTbuibicTaHy FBUIBIMIAPBIHBIH TOHAPAIIK OPTAIBIFBIHBIH JAUPEKTOPEI
(Ceren, Benrpus) H =38

POCC Camup, PhD goxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirbel, @apmanust MekTebinin npodeccopst (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Buranmii, punocodus mokropst (PhD, (apmanerr), Pequnr yHHBepCHTETIHIH
npodeccopsr (Penunr, Aurus) H = 40

TEJTAEB Barnar Bypxan6aiiyibl, TeXHHKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymeci, Kazakcran PecnyOmukacer WHaycTpust koHe HWH(PPAKYPBUIBIMIABIK —JaMy
munUcTpiiri (Anmarsl, Kasakcran) H =13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa [IsFsic MeuniHa KoJulepKiHiH Ipodeccopsl, Xamaap
yauBepcureTiHig Lsirpic Mmequimnaa ¢akynereti (Kapaun, [Tokxicran) H =21

®DA3BIJIOB Cepik IpaxmMeTy.ibl, XUMHS FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XHUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp JKOHIHIET1
opsiabacaps! (Kaparannsl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHsS FHUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xwumust xoHe XUMMSUIBIK TeXHOJOTHS HMHCTHTYTHI (Bimikek,
Keipreizcran) H =4

XAJIMKOB [:xypadaii XaJuKoBHY, XUMUS FRUIBIMIAPBIHBIH JTOKTOPBL, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun areranarst Xumust nHCTUTYTHI ([lymante, Toxikcran) H =6

DAP3AJIUEB Barug Merkuaoribl, XMMUs FBUIBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akagemuri
(Baky, O3ipoaiixan) H=13

TFAPEJIMK Xempaa, ¢umocodus nokropsr (PhD, xumus), Xanplkapalblk Ta3za jKOHE KOJIIaHOAIBI
XVMWUS OJJaFbIHBIH XVMUS KOHE KOopIllaraH opTa OemnimiHiH mpe3uneHTi (Jlornon, Aarmms) H = 15
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I'naBHbII penrakTop:
KYPUHOB Mypar KypuHoBHY, TOKTOp XMMHUYECKHX HayK, npodeccop, akagemuk HAH PK,
npe3uaeHT HarmonansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HCTHTYT
TOIUIMBA, KaTanu3a u anekTpoxumun uM. /1.B. Cokonbckoro» (Anmarel, Kazaxcran) H =4

Penaxkuuonnas xosuierus:

AJJEKEHOB Cepra3pl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
HayK, podeccop, akagemuk HAH PK, nupektop MexayHapoHOro Hay4HO-IPOU3BOCTBEHHOTO XOJIANHTA
«Dutoxumusi» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMecTHTENb TJIABHOTO PENAKTOpa), IOKTOP XUMHUYECKHX
Hayk, mpodeccop, akanemuk HAH Benapycu, mouerHslit aupextop MHCTUTYTa XMMHH HOBBIX MaTepHaoB
(Munck, benapycs) H= 13

CTPHA/I Mupocaas, npodeccop, 3aBenyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akaaemun Hayk (Onomoyt, Yexust) H = 66

BYPKUTBAEB Myxam0eTKkaan, JTOKTOp XMMHYECKHX HayK, mpogeccop, akagemuk HAH PK,
[lepgsrit mpopextop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [xynuT, 3aBenyromnii kapenpoit ®apmaxornozun dapmareBrHiyeckoro (akymbrera
Vausepcurera Cerena, aupekTop MeXIUCIUINIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, nokrop PhD, mpodeccop IIkomsr dapmanuyi HAIMOHAIBLHOTO IEHTPa HAYYHBIX
HCCIICJOBAaHUH PACTHTENBHBIX MPOAYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop ¢unocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraar Bypxan6aiiyJibl, JOKTOp TEXHHYECCKHX HayK, Ipodeccop, WieH-KOPPECIIOHACHT
HAH PK, MunucrepcrBo Uunycrpuu u uabpactpykTypHoro pa3sutus Pecrnyonuku Kasaxcran (Anamarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop komtemka Bocrounodt memummuel Xampaapia ans-Makuza,
¢axynsreT BocTouHoit MenuuuHb! yHuBepeuteta Xamaapaa (Kapauu, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBUY, TOKTOp XHMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHo# pabote VHCcTHTYTA OpraHmdeckoro cuHTe3a U yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Ilapumna Kopo0exoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, MactutyT Xumun u xumuaeckoit texnonorud HAH KP (bumkek, Keiprezeran) H = 4

XAJIMKOB [Ixypa6aii XaJaumkoBH4Y, IOKTOp XHMHYECKHX HayK, mpodeccop, axkazemuk AH
Tamxukucrana, Vuctutyt xumun nmenn B.W. Hukutuna AH PT (dynran6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua orisl, JOKTOp XHMHYECKHX HaykK, npodeccop, akanemunk HAHA
(baky, Aszepbaitmxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopuu (Ph.D, xumus), npesunent Otnena XUMUH M OKpY’Karomieit
cpens! MexXIyHapogHOTo Cor03a YHCTO! M npukiiagHoi xumun (Jlonnon, Anrms) H =15
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PREPARATION AND PHYSICO-CHEMICAL CHARACTERIZATION OF
ORGANICALLY MODIFIED CLAYS WITH GRAFTED DMSO AND TEOA

Serikbayeva A.M. — 2nd year PhD student. Department “Chemistry and Chemical Technology”. Taraz

Regional University named after M.Kh. Dulaty. Tole bi. Taraz. Kazakhstan
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Abstract. This article describes the production of effective adsorbents based on
modified clay for treatment of wastewater containing heavy metal ions, toxic and
organic compounds. Currently, due to the shortage of clean water, demand is growing
from year to year, requiring the need of suitable adsorbents to purify water from heavy
metals and organic toxic substances. In this work a clay adsorbent is used that is in
demand and at profitable price. Clay is made by grafting organic compounds in the
process of preparing an adsorbent. The practical significance of the work is the fact that
an effective clay-based sorbent has been obtained. To achieve the best results modified
clay has been prepared, by adding 1 g of DMSO (dimethyl sulfoxide), to 6 g (5,309
mL) of TEOA (C,H ,NO,) and placed in a water bath at 120°C for 2 hours, then washed
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with isopropanol and dried at 60°C for 24 hours. Physicochemical methods such as
infrared spectroscopy (IR), X-ray diffraction analysis (X-ray diffraction), elemental
analysis, determination of porosity BET surface area and differential thermal analysis
(DTA, TGA) were used to describe adsorbents. The results of studies on the adsorption
characteristics of materials prepared from natural clays of the Pavlodar deposit, samples
of initial clays and products of their modification are presented.

Keywords: organoclaynes; kaolinite, thermal analysis, intercalated grafting,
dimethyl sulfoxide-DMSO, triethanolamine TEOA, natural clay, modified clay
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Annoranusi. byn makanaga AFbIHABI CyJaapabl ayblp METall MOHAAPBIHAH, YIIBI
KOHE OpraHUKAJIBIK KOCBUIBICTAPJaH Ta3apTy YIIiH MOOU(QHUKALMSIIAHFAH ca3fa Heris3-
JenreH THIMAI copOeHTTep aly Typaibl ka3buiraH. Kazipri yakplTTa Tasa CyAblH
KETICIEyIIliriHe OaiaHbICTBl CYpPAHBIC JKBUIAAH JKbUIFa apThIl KeNedi, CYIbl
ayblp MeTajiapJaH XoHE OpraHMKajbIK YIIbl 3aTTaplaH TazapTy YLIiH 0i3re amcop-
OeHT KaxkeT. bi3 cypaHbIcKa e >KOHE KOJaWibl ca3fbl aJCOpOEHTTI KONJaHAMBI3.
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I'muno3zeM ancopOeHTTI HaiblHAay MPOLECiHAEC OpPTraHUKANIbIK KOCBUIBICTApAbl €ry
apKbUIBI kacanaabl.  KyYMBICTBIH NPaKTHUKAJIBIK MaHBI3IbUIBIFEl OANIIBIKTaH JKacallFaH
THIMAI COPOSHT aNbIHABI, OJl CyAbl ayblp METayl HOHIApbIHAH, (eHOoNIapAaH >KoHe
OpTaHHUKaJBIK OOSFBILTApAAH THIMII TazapTansl. JKakchl HOTHXKETE KOJ KETKi3y YIIiH
MonuuKanusIanFan 6amubiK, sFHu 1 1 Kocy apkpuibl 6 I' (5,309 M) TEOA (C H, ,NO,)
KOCBUIIIBI koHe 2 carar iminae 120°C cy MOHIIachkIHAa OPHAJIACTHIPBUIALI, COAAH KeiliH
H30MPOINAHOJIMEH KYbIIabl jkoHe 24 caraT iminge 60°C kenripineni. ancopOeHTTepAi
CUNaTTay YUIH WHPAKbI3bUT creKTpockonus (X)CHIKTBI (HU3HKa-XUMUSUIBIK, SIicTep
KOJIIaHBIIABL., peHTreHoaudpakromMeTpusiiblk tangay (X-ray diffraction), anemeHTTiK
tannay xoHe BOT keyekTinirin tangay smicrepi xkoHe nudQepeHInanabl TEPMHUSIIBIK
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METaJJIOB, TOKCMYHBIX M OpPraHMYecKUX coeiuHeHuil. B Hacrosmee BpeMs wu3-3a
JneuInTa YUCTOM BOABI U3 TOJa B TOA pacTeT CIIPOC Ha aJCOPOCHT AJISl OYUCTKH BOJBI
OT TSDKEINBIX METAIJIOB M OPraHMYECKNX TOKCHYHBIX BellecTB. [l 3Toro ncnonszyeMm
BOCTpeOOBaHHBIN 1 BHITOAHBIH 10 LIEHE ITTMHUCTHIH a1cOpOEHT. [ TMHO3eM M3rOTaBINBAIOT
MyTeM MIPUBUTHSI OPraHUUECKUX COCANHEHHH B ITpOIiecce IPUTOTOBICHUS acopOeHTa.
[IpakTuueckast 3HAUUMOCTH PaOOTHI 3aKII0YAETCS B TOM, YTO MONy4YeH 3()(HEeKTHBHBIH
cOpOEHT Ha OCHOBE INIMHBI, KOTOPBI 3(P(QEKTUBHO OUMIIAET BOAY OT MOHOB TSKENBIX
METaJIOB, ()EHOJIOB M OPraHWYEecKHX KpacuTenei. [y JOCTIDKEHMS HAWITy4IInX
pesynbratoB Obima MomuHUUMpOBaHA TNMHA, T.e. myTeM noOasnenus 1 r JMCO
nobasnsm K 6 T (5,309 M) TEOA (CH ,NO,) n momernani Ha BOAsSHYIO OaHiO Npu
120°C na 2 4, ganee NpoMbIBaJIM U30IIpOINaHoiIoM U cyuunu npu 60°C B TeueHue 24
4. JInst omucanust afcopOEHTOB MCIOIb30BAIUCH (PU3NKO-XUMHUYECKHE METOMBI, TaKHe
kak uH(ppakpacHas crektpockonus (MKC), pentrenoaudpakroMeTpuieckuil aHaims3
(X-ray diffraction), snemeHTHBIH aHamM3 W MeToAbl aHanu3a mopucrocth BOT u
muddepenumansabiii Tepmuyeckuit ananus (JTA, TTA). IlpencraBieHsl pe3yiabTaThl
HCCIIEIOBaHUI COPOLMOHHBIX XapakTepucTHK [laBmogapckoro MecTOpOXKAEHUS,
00pa3LoB HCXOAHBIX [IMH U MIPOLYKTOB UX MOAU(UKAIIH.

KiiroueBble cjioBa: OpraHOIIMHBL, KAOJIMHUT, TEPMHUUYECKUN aHAN3, MHTEPKaIU-
poBaHHasA NpUBUBKA, AMMETHICYAbPOoKcHI-[IMCO, Tpustanonamud TEOA, mpuponHas
IMHA, MoAu(UIIMpOBaHHAS TIMHA

Introduction

As the world’s population grows rapidly, the demand for water will gradually
increase, and the need to improve water quality is urgent. Half of the world’s population
will face a water crisis by 2025 (Rijsberman, 2006). Over the past few decades, many
researchers have focused on removing various toxic pollutants from wastewater. Water
pollution problems arise from the use of fertilizers, insecticides, herbicides, soap and
detergent production, as well as industrial activities, including mining, electroplating,
textile and other chemical industries. Therefore, the most effective solution is to remove
these toxic chemicals before they enter the ecosystem. Due to their abundance and
toxicity, heavy metals have become a serious environmental problem. The preservation
of heavy metals such as Cu(ll), Hg(Il), Pb(Il), Cd(Il) and Cr(VI) in the aquatic
environment has led to numerous health problems in humans and animals. (Elo et. al.,
2014) Heavy metals are the main components of inorganic pollutants, such as pesticides,
fertilizers, sediment and municipal waste, which have polluted large areas of water and
land. Heavy metals are carcinogens and can pose a serious threat to the health of all
living beings, being notorious the impact of heavy metals on humans and the diseases
caused by them. However, some heavy metals play an indispensable role as essential
substances in the metabolic systems of mammals. For example, zinc plays an important
role in the development of the brain and intelligence, copper is an integral part of
hemocyanin in the human body, and manganese can promote normal bone growth and
development and support normal metabolism. from glucose and fat. Exposure to heavy
metals beyond safe levels can cause serious damage (Ahmaruzzaman, 2011) In order
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to reduce uncontrolled emissions of these harmful heavy metals into wastewater heavy
metal purification technologies have been proposed all over the world. Several methods
of water purification, such as solvent extraction, evaporation, chemical precipitation,
ion exchange, electrochemical treatment, membrane filtration technologies, as well
as new technologies of organometallic frameworks and advanced oxidation processes
have long been used to remove toxic pollutants. However, these technologies have
disadvantages, such as generation of toxic by-products and high cost. For a long time,
adsorption has been considered an effective method of combating pollution (Reddad et.
al., 2002) Adsorption methods have significant advantages, such as manufacturability,
accessibility, low cost (for example, the price of vermiculite adsorption is only 20 % of
that of osmotic membrane technology), high efficiency (for example, the efficiency of
kyanite adsorption for Cu(Il) can reach 100 %) and ease of operation compared to other
methods (Ajmal et. al., 2001) even at trace levels. The key to adsorption technology is
to obtain environmentally friendly, cheap and effective adsorbents. Various adsorbents,
such as activated carbon, zeolite, chitosan and clay, have been studied and developed
to remove toxic heavy metals from wastewater and soil. The clay pretreatment process
increases the pore volume, surface area and the number of surface acid centers (Srimurali
et. al., 1998) Thus, clay materials can become more organophilic and hydrophobic, which
also increases the adsorption capacity of nonionic organic substances after processing or
modification. Clays are a type of small particles that exist naturally on the surface of the
earth. It mainly consists of water, alumina, silica and weathered rocks (Murray, 1991)
Clay and clay composite materials have been developed as highly effective adsorbents
for the removal of heavy metals from aqueous solutions (Kasgoz et. al., 2008) Clay
materials also contain exchange cations, including Na*, Ca?" and K*, which makes them
effective adsorbents. Most clay minerals are negatively charged (due to the substitution
of Si *" and Al ** with other cations) and are widely used to remove heavy metal cations
from wastewater due to their large surface area and high cation exchange capacity.
The adsorption of heavy metals by clay and clay composites consists of a number of
complex adsorption mechanisms, including ion exchange, surface complexation and
direct binding of heavy metal cations to the surface of the clay (Catalano et. al., 2005).
In addition, pretreatment of clays can improve the adsorption capacity of heavy metals.
This article discusses the use of clay-based adsorbents in recent years (2013-2017),
including montmorillonite, attapulgite, galloisite and vermiculite, Here is summarized
their composition, adsorption potential and efficiency. In addition, various clay minerals
are classified and evaluated their ability to remove toxic heavy metals from wastewater.
It is emphasizes that clay and modified clays are environmentally friendly adsorbents.
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Fig.1. The adsorption process, the course of purification of contaminated water with modified clay

Materials and Reagents

Natural clay from the Pavlodar deposit in Kazakhstan, Dimethyl sulfoxide (C,H,OS),
distilled water (H,O), dioxin(C4H40,), isopropanol (C,H,O), Triethanolamine (HO-
CHICHI)[ON were purchased from.

Synthesis of organo-modified clay materials

The natural clay from the Pavlodar deposits was used to manufacture a material
with adsorption properties. The natural clay (kaolinite) was first ground into powder in
a mill and sieved through a sieve No. 0.063. 6 g of kaolinite suspended in 6 L of water
was after added to a mixture of 30 mL of C,H.OS — DMSO and 2.5 mL of water. The
suspension was kept under magnetic stirring at a temperature of 80°C for 5 days, and
then the mixture was left at room temperature for 2.5 days. The resulting material was
recovered after two series of centrifugation using first C,H,0 —dioxane (2 x 25 mL), and
then C,H,O-isopropanol (2 x 25 mL). The product was dried at a temperature of 50 © C

Themogravimetic analysis of the samples were performed based on recording
changes in the weight and heat fluctuations 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 thermoanalytical), TG (thermogravimetric) and DTG
(differential thermogravimetric), the latter curve being a derivative of the TG function.
The analyses were carried out in air environment, in the temperature range from 20 to
1000°C. The heating mode of the furnace is linear (dT/dt = 10 degrees/min) and the
reference substance is calcined AL O,. The clay samples masses were 300 mg, with the
sensitivity of the scales — 100 mg per measurement scale. The survey of the analysis
was carried out within the limits of the measuring systems of the device. The purpose of
studying samples is using DTA, TG and DTG methods to establish the thermal behavior
of the initial substance and to identify its composition. The diagnosis of minerals in
the thermally active part of the samples was carried out according to the morphologies
of thermal curves and numerical values of the intensities of endothermic effects using
thermogravimetric readings of TG lines associated with them.
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Characterization of Materials and Analytical Methods

Thermogravimetric analysis of the obtained materials was carried out within the
following limits of the measuring systems of the device: DTA = 250 MV, DTG =
500 MV, TG= 500 MV, T = 500 MV. The surface area and the volume of micropores
were obtained by analysis of N, adsorption isotherms at —196°C, using the t method
(the thickness was calculated using the ASTM D-6556-01 standard). The total pore
volume (V_ ) was calculated at p/p, = 0.98. The microporous surface area (S . ) was
determined by obtaining a radius from S, and approximating the average pore width
(W_.) (W =4*V /S ). Microporosity was assessed using two methods, namely,
the method of empirical analysis of Mikhail’s micropores (MP), and the theoretical
Horvath-Kavazoe method (Hong Kong) (Bochkarev, 2008). In addition, the Barrett-
Joyner-Halend (BJH) analysis for adsorption and desorption of N, (p/p, > 0.35) was
used to assess the mesoporosity of the materials. The characterization of the composite
at various stages of preparation was carried out as follows: X-ray images of kaolinite and
modified organokaolinite were obtained by X-ray diffractometric analysis carried out on
an automatic DRONE-3 diffractometer with SIKA radiation, a -filter. An X-ray energy
dispersion spectrometer was used to characterize the morphology of clay particles and
to conduct point elemental analysis. The transmission spectra of infrared radiation (IR)
were recorded using KBr granules on an IR spectrometer with a detector and analyzed
using OPUS software. Thermogravimetric analysis of derivatives was carried out on
a derivatograph of the company “MOM” — Budapest (Hungary). The method used is
based on the recording 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
thermoanalytical), TG (thermogravimetric) and DTG (differential thermogravimetric),
the latter curve is a derivative of the function TG. DTA- DTG- TG-.

Results and Discussion

The results of the elemental composition of the natural and modified clay were
obtained using EMR analysis (Fig.2). The quantification is given in Tables 1 and 2,
for the natural clay and modified clay, respectively. Analysis of the results shows the
content of elements in the natural clay. As can be seen, Pavlodar has a high proportion of
aluminum (21.71 %) and silicon (20.89 %) in the clay sample. Table 2 shows the results
in the modified DMSO/clays, revealing that the content of Si increases compared to that
of the natural clays, which indicates the exchange and fixation of intercalating metals
in the interlayer space. Aluminum on the contrary modified clay increased.In DMSO/
Pavlodar 21.62 % Al, 21.77 % Si. It is also shown that in natural clays, they have lower
Si/Al ratios than in DMSO/clay, which means preferential stabilization of oxides in the
interlayer space of clay by the target mechanism of cation exchange.
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a)

Fig.2. Elemental composition of Pavlodar clay a) Pavlodar natural clay b) Pavlodar modified clay

Table 1. Elemental composition of natural clays

Natural Pavlodar clay The analysis of all elements is carried out. Mass element (%)
Na Al Si S K Ca Ti Fe
0,10 21,71 120,89 |2,50 |0,09 0,20 2,49 0,68
Results in connections %.
Na,0 |ALO, [SiO, SO, [K,0 CaO TiO, FeO
0,14 41,85 14599 |645 |0,11 0,28 4,27 0,91
Table 2. Elemental composition of modified clays
Mo difie d|The analysis of all elements is carried out. Mass element (%)
Pavlodar clay | Na Mg Al Si S Cl K Ca Ti Fe
0,11 0,05 21,62 |21,77 0,17 0,14 0,09 (0,12 (3,20 |0,76
Results in connections %.
Na,O |MgO ALO, |SiO, SO, Cl KO |CaO |TiO, |FeO
0,15 0,08 42,62 149,52 046 0,15 0,12 (0,18 |5,68 |1,03

X-ray diffractometric analysis

Diffractograms of Pavlodar natural clay and modified clay were obtained by X-ray
diffractometric analysis and shown in Figure 3. For the main phases, the content was
calculated. Possible impurities, the identification of which cannot be unambiguous due
to small contents and the presence of only 1-2 diffraction reflexes or poor crystallization,
are indicated in Table 3. All the diffraction peaks belong only to the indicated phases.
Characteristic diffraction reflexes allowing identification of the phases present are noted.
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Fig.3. Diffractogram of Pavlodar clay a) Diffractogram of Pavlodar natural clay, b) Diffractogram of
modified clay of Pavlodar

Table 3. Results of semi-quantitative X-ray phase analysis of Pavlodar clay

Mineral ‘ Formula ‘ Concentration, %
Natural clay Pavlodar

Kaolinite AL(S1,0)(OH), 74,4
Gibbsite Al(OH), 15,3
Anatase Ti0.7840, 7,6
Rutile TiO, 2,7
Modified clay Pavlodar

Kaolinite AL(S1,0)(OH), 47,0
Gibbsite Al(OH), 26,1
Anatase Ti0.7840, 7,8
Titanium Silicate TiO,-SiO, 10,6
Analcime Na(AlSi,O,)(H,0) 5,1
Rutile TiO, 3,5

FT-IR spectroscopic analysis

Thenatural clays and the modified clays of the Pavlodar deposit were comprehensively
investigated by FT- IR spectroscopy. FT- IR spectra of all compounds were recorded
in KBr tablets in solid form. The resultant spectra are shown in Figure 4. The decoding
of the spectra is carried out by a database containing the characteristic oscillation
frequencies of the reference editions of the program.
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