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PREPARATION AND PHYSICO–CHEMICAL CHARACTERIZATION OF 
ORGANICALLY MODIFIED CLAYS WITH GRAFTED DMSO AND TEOA
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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 (C6H15NO3) and placed in a water bath at 120°C for 2 hours, then washed 

mailto:ali_2006.82@mail.ru
mailto:roman@ipb.pt
mailto:marjanseitovna@mail.ru


116

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

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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Аннотация. Бұл мақалада Ағынды суларды ауыр металл иондарынан, улы
және органикалық қосылыстардан тазарту үшін модификацияланған сазға негіз
делген тиімді сорбенттер алу туралы жазылған. Қазіргі уақытта таза судың 
жетіспеушілігіне байланысты сұраныс жылдан жылға артып келеді, суды 
ауыр металдардан және органикалық улы заттардан тазарту үшін бізге адсор
бент қажет.  Біз сұранысқа ие және қолайлы сазды адсорбентті қолданамыз. 
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Глинозем адсорбентті дайындау процесінде органикалық қосылыстарды егу 
арқылы жасалады.Жұмыстың практикалық маңыздылығы балшықтан жасалған 
тиімді сорбент алынды, ол суды ауыр металл иондарынан, фенолдардан және 
органикалық бояғыштардан тиімді тазартады. Жақсы нәтижеге қол жеткізу үшін 
модификацияланған балшық, яғни 1 г қосу арқылы 6 Г (5,309 мл) TEOA (C6H15NO3) 
қосылды және 2 сағат ішінде  120oC су моншасына орналастырылды, содан кейін 
изопропанолмен жуылады және 24 сағат ішінде  60oC кептіріледі. адсорбенттерді 
сипаттау үшін инфрақызыл спектроскопия (X)сияқты физика-химиялық әдістер 
қолданылды., рентгенодифрактометриялық талдау (X-ray diffraction), элементтік 
талдау және БЭТ кеуектілігін талдау әдістері және дифференциалды термиялық 
талдау (ДТА, ТГА).  Павлодар кен орнының сорбциялық сипаттамаларын, бас
тапқы саз үлгілері мен оларды модификациялау өнімдерін зерттеу нәтижелері 
ұсынылған. 

Түйінді сөздер: органосаздар; каолинит, термиялық талдау, интеркалирленген егу, 
диметилсульфоксид-ДМСО, триэтаноламин TEOA, табиғи саз, түрлендірілген саз
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металлов, токсичных и органических соединений. В настоящее время из-за 
дефицита чистой воды из года в год растет спрос на адсорбент для очистки воды 
от тяжелых металлов и органических токсичных веществ.  Для этого используем 
востребованный и выгодный по цене глинистый адсорбент. Глинозем изготавливают 
путем привития органических соединений в процессе приготовления адсорбента. 
Практическая значимость работы заключается  в том, что получен эффективный 
сорбент на основе глины, который эффективно очищает воду от ионов тяжелых 
металлов, фенолов и органических красителей. Для достижения наилучших 
результатов была  модифицирована глина, т.е. путем добавления 1 г ДМСО 
добавляли к 6 г (5,309 мл) TEOA (C6H15NO3) и помещали на водяную баню при 
120oC на 2 ч, далее промывали изопропанолом и сушили при 60oC в течение 24 
ч. Для описания адсорбентов использовались физико-химические методы, такие 
как инфракрасная спектроскопия (ИКС), рентгенодифрактометрический анализ 
(X-ray diffraction), элементный анализ и методы анализа пористости БЭТ и 
дифференциальный термический анализ (ДТА, ТГА).  Представлены результаты 
исследований сорбционных характеристик Павлодарского месторождения, 
образцов исходных глин и продуктов их модификации. 

Ключевые слова: органоглины; каолинит, термический анализ, интеркали
рованная прививка, диметилсульфоксид-ДМСО, триэтаноламин TEOA, природная 
глина, модифицированная глина

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(II), Hg(II), Pb(II), Cd(II) and Cr(VI) in the aquatic 
environment has led to numerous health problems in humans and animals. (Elo et. аl., 
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. 
аl., 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(II) can reach 100 %) and ease of operation compared to other 
methods (Ajmal et. аl., 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. аl., 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. аl., 2008) Clay 
materials also contain exchange cations, including Na+, Ca2+ and K+, which makes them 
effective adsorbents. Most clay minerals are negatively charged (due to the substitution 
of Si 4+ and Al 3+ 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. аl., 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 (C2H6OS), 

distilled water (H2O), dioxin(C4H4O2), isopropanol (C3H8O), Triethanolamine (HO-
CH₂CH₂)₃N 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 C2H6OS – DMSO and 2.5 mL of water. The 
suspension was kept under magnetic stirring at a temperature of 800C 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 C4H4O2–dioxane (2 x 25 mL), and 
then C3H8O-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 Al2O3. 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 N2 adsorption isotherms at —196ºC, using the t method 
(the thickness was calculated using the ASTM D-6556-01 standard). The total pore 
volume (VTotal) was calculated at p/p0 = 0.98. The microporous surface area (Smic) was 
determined by obtaining a radius from SBET and approximating the average pore width 
(Wmic) (W = 4*Vmic/Smic). 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 N2 (p/p0 > 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 β-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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а) б)
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 20,89 2,50 0,09 0,20 2,49 0,68
Results in connections %.
Na2O Al2O3 SiO2 SO3 K2O CaO TiO2 FeO
0,14 41,85 45,99 6,45 0,11 0,28 4,27 0,91

Table 2. Elemental composition of modified clays

M o d i f i e d 
Pavlodar clay

The analysis of all elements is carried out.  Mass element (%)
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 %.
Na2O MgO Al2O3 SiO2 SO3 Cl K2O CaO TiO2 FeO
0,15 0,08 42,62 49,52 0,46 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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              а) б)
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 Al2(Si2O5)(OH)4 74,4
Gibbsite Al(OH)3 15,3
Anatase Ti0.784O2 7,6
Rutile	 TiO2	 2,7
Modified clay Pavlodar
Kaolinite Al2(Si2O5)(OH)4 47,0
Gibbsite Al(OH)3 26,1
Anatase Ti0.784O2 7,8
Titanium Silicate TiO2-SiO2 10,6
Analcime		 Na(AlSi2O6)(H2O) 5,1
Rutile		 TiO2	 3,5

FT–IR spectroscopic analysis
The natural 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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