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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 
sciences 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  
geology  and  technical sciences in the Emerging Sources Citation Index demonstrates our 
dedication to providing the most relevant and influential content of geology and engineering 
sciences to our community.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология 
және техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің 
жаңаланған нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын 
хабарлайды. Бұл индекстелу барысында Clarivate Analytics компаниясы журналды 
одан әрі the Science Citation Index Expanded, the Social Sciences Citation Index және the 
Arts & Humanities Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science 
зерттеушілер, авторлар, баспашылар мен мекемелерге контент тереңдігі мен 
сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы 
Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті және 
беделді геология және техникалық ғылымдар бойынша контентке адалдығымызды 
білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и 
технических наук» был принят для индексирования в Emerging Sources Citation Index, 
обновленной версии Web of Science. Содержание в этом индексировании находится 
в стадии рассмотрения компанией Clarivate Analytics для дальнейшего принятия 
журнала в the Science Citation Index Expanded, the Social Sciences Citation Index и the 
Arts & Humanities Citation Index. Web of Science предлагает качество   и  глубину   
контента   для   исследователей,  авторов,  издателей  и  учреждений. Включение 
Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному 
контенту по геологии и техническим наукам для нашего сообщества.
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ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 
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ӘБСАМЕТОВ Мәліс Құдысұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы (бас редактордың орынбасары), геология-минералогия 
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ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15
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(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
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СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
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METHODS OF PREPARATION AND PHYSICO-CHEMICAL 
CHARACTERISTICS OF ORGANIC MODIFIED CLAYS WITH 

GRAFTED ORGANOALOXIDES

Abstract. The main sources of many environmental problems associated with 
the formation of wastewater are industrial enterprises that release water streams 
containing pollutants. Wastewater treatment is a complex task that requires a 
combination of different methods to achieve maximum efficiency. Increasing 
the efficiency of removing heavy metals, nutrients, anionic pollutants and 
organic compounds from liquid media is one of the most acute environmental 
problems. In recent years, the danger of environmental pollution with toxic 
metal ions as a result of wastewater discharge from electroplating, mining and 
battery industries has been growing. Natural and modified clays have a large 
surface area and a high ion exchange capacity, which allows them to be used as 
effective adsorbents for the removal of heavy metals from wastewater. In this 
regard, scientific interest is growing in the creation of new environmentally 
friendly technical solutions and inexpensive materials (adsorbents and /or 
catalysts) based on clays. Their use as an adsorbent and catalyst for wastewater 
of the chemical industry is an urgent and priority task. Adsorbents or 
catalysts were prepared during the purification of environmentally hazardous 
compounds in wastewater. The clay was thoroughly washed, heated 800С. 
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With a stirrer for several days before the organic compound was absorbed for 
drying and application of the organic compound. Various analyses were used 
to describe adsorbents, such as infrared spectroscopy (IR), X-ray diffraction 
(X-ray diffraction), differential thermal analysis (DTA), element analysis, etc. 
Clay-based materials were obtained from natural clays and evaluated during 
wastewater treatment using model pollutants in aqueous solutions. 

Natural clays were collected from Aktobe deposits in the region of 
Kazakhstan.

It was found that the modified samples exhibit higher sorption properties 
compared to enriched clay.

Key words: organoclaynes; kaolinite, thermal analysis, intercalated 
grafting, dimethyl sulfoxide-DMSO, natural clay, modified clay.
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Аннотация. Ағынды сулардың пайда болуымен байланысты көптеген 
экологиялық проблемалардың негізгі көздері – ластаушы заттары 
бар су ағындарын шығаратын өнеркәсіптік кәсіпорындар. Ағынды 
суларды тазарту – бұл максималды тиімділікке қол жеткізу үшін әртүрлі 
әдістерді біріктіруді қажет ететін күрделі міндет. Сұйық ортадан 
ауыр металдарды, қоректік заттарды, анионды ластағыштарды және 
органикалық қосылыстарды алып тастау тиімділігін арттыру ең өткір 
экологиялық проблемалардың бірі болып табылады. Соңғы жылдары 
гальваникалық, тау-кен және аккумулятор өнеркәсібінің ағынды суларын 
ағызу нәтижесінде қоршаған ортаны улы металл иондарымен ластау қаупі 
артып келеді. Табиғи және модификацияланған саздардың беткі қабаты 
үлкен және ион алмасу қабілеті жоғары, бұл оларды ағынды сулардан 
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ауыр металдарды кетіру үшін тиімді адсорбенттер ретінде пайдалануға 
мүмкіндік береді. Осыған байланысты жаңа экологиялық таза техникалық 
шешімдер мен саз негізіндегі арзан материалдарды (адсорбенттер және/
немесе катализаторлар) жасауға ғылыми қызығушылық артып келеді. 
Оларды химия өнеркәсібінің ағынды суларын тазарту үшін адсорбент және 
катализатор ретінде пайдалану өзекті және басым міндет. Адсорбенттер 
немесе катализаторлар ағынды сулардағы экологиялық қауіпті 
қосылыстарды тазарту кезінде алынды. Сазбалшық мұқият жуылып, 
органикалық қосылысты кептіру және қолдану үшін органикалық 
қосылыс сіңгенге дейін бірнеше күн бойы араластырғышпен 800С дейін 
қыздырылды. Адсорбенттерді сипаттау үшін инфрақызыл спектроскопия 
(ИҚС), рентгендік дифракция (X-ray diffraction), дифференциалды 
термиялық талдау (DTA), элементтерді талдау және т.б. сияқты әртүрлі 
талдау әдістері қолданылды. 

Табиғи саздар Қазақстан өңіріндегі Ақтөбе кен орындарынан жиналды.
Модификацияланған үлгілердің байытылған балшықпен салыстыр-

ғанда жоғары сорбциялық қасиеттері бар екендігі анықталды.
Түйін сөздер: органоглиндер, каолинит, термиялық талдау, интеркалир-

ленген егу, диметилсульфоксид-ДМСО, табиғи саз, түрлендірілген саз.
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СПОСОБЫ ПОЛУЧЕНИЯ И ФИЗИКО-ХИМИЧЕСКИЕ 
ХАРАКТЕРИСТИКИ ОРГАНИЧЕСКИХ МОДИФИЦИРОВАННЫХ 

ГЛИН С ПРИВИТЫМИ ОРГАНОАЛОКСИДАМИ

Аннотация. Основными источниками многих экологических проблем, 
связанных с образованием сточных вод, являются промышленные пред-
приятия, выпускающие водные потоки, содержащие загрязняющие 
вещества. Очистка сточных вод представляет собой сложную задачу, 
которая требует сочетания различных методов для достижения максималь-
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ной эффективности. Повышение эффективности удаления тяжелых 
металлов, питательных веществ, анионных загрязняющих веществ и 
органических соединений из жидких сред является одной из наиболее 
острых экологических проблем. В последние годы растет опасность 
загрязнения окружающей среды ионами токсичных металлов в результате 
сброса сточных вод гальванических, горнодобывающих и аккумуляторных 
производств.  Природные и модифицированные глины имеют большую 
площадь поверхности и высокую ионообменную емкость, что позволяет 
использовать их в качестве эффективных адсорбентов для удаления 
тяжелых металлов из сточных вод. В связи с этим растет научный интерес 
к созданию новых экологически безопасных технических решений и 
недорогих материалов (адсорбентов и / или катализаторов) на основе 
глин. Их использование в качестве адсорбента и катализатора для сточных 
вод химической промышленности является актуальной и приоритетной 
задачей. При очистке экологически опасных соединений в сточных водах 
были приготовлены адсорбенты или катализаторы. Глину тщательно 
промывали, прогревали 800С мешалкой несколько дней до впитывания 
органического соединения для сушки и внесения органического соединения. 
Для описания адсорбентов использовались различные анализы, такие 
как инфракрасная спектроскопия (ИКС), рентгенодифрактометрический 
анализ (X-ray diffraction), дифференциальный термический анализ (DTA), 
анализ элементов и т. д.

Материалы на основе глины были получены из природных глин 
и оценены при очистке сточных вод с использованием модельных 
загрязнителей в водных растворах. 

Природные глины были собраны месторождений Актобе в области 
Казахстана.

Установлено, что модифицированные образцы проявляют более 
высокие сорбционные свойства по сравнению с обогащенной глиной.

Ключевые слова: органоглины, каолинит, термический анализ, 
интеркалированная прививка, диметилсульфоксид-ДМСО, природная 
глина, модифицированная глина.

Introduction. Water purification is still a necessary technology in many 
industries, as water pollution and environmental pollution have become 
major environmental problems worldwide. It is an indisputable fact that 
unstable development paths create enormous pressure on water resources, 
affecting their quality and availability, and the ability to support the growing 
demand for fresh water is questioned (Sis et. al 2014). Water, indeed, is also 
a key resource for industrial and production processes (e.g. heating, cooling, 
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cleaning, flushing), but the wastewater that is generated can cause damage 
to the environment when it is discharged without any treatment (Liu  et. al 
2016). Industrial pollutants in water usually include heavy metals and/or huge 
amounts of organic an pollutant, the removal of which is indeed mandatory, 
but requires the use of complex and expensive processes (Shen et. al 2015).

The complexity and cost of treatments are much more relevant in the case 
of very strict disposal limits, low concentrations of pollutants and/or difficult-
to-remove pollutants. Traditional methods proposed for this purpose, such as 
ion exchange, precipitation, electro dialysis, reverse osmosis, ultrafiltration, 
flocculation, bio sorption, adsorption, etc. ( Li et. al 2014) in some cases are 
not effective for the treatment of complex and complicated contaminated 
wastewater or are too expensive. The sorption properties of kaolinite (Okada 
et. al 2007).  lead to application in the areas of retention of heavy metals and 
radionuclides (Sari et. al 2007). Intercalation of metal captions or organic 
compounds is very difficult to carry out due to its very low cation exchange 
capacity (CBS) (Gupta et. al 2008) Adsorption usually occurs on the outer 
crystalline surface of kaolinite, while CBS occurs as a result of protonation/
deprotonating and isomorphic replacement of Al by Si in tetrahedral sheets 
(Theng B.K., 1974). Artisanal activities for processing lead from used batteries 
cause a lot of problems with environmental pollution in Kazakhstan. Such 
activity leads to contamination with lead (as well as arsenic and antimony) 
both ground and surface waters used for drinking and irrigation of agricultural 
crops. The sorption capacity of kaolinite and clay minerals in general can be 
increased by modifying their surfaces with organic ligands, which give Lewis-
based functionality to materials (Grim R.E., 1953).

The development of hybrid organic-organic matrices has aroused 
great interest due to their growing application in several fields, such as 
nanotechnology, environmental engineering and clay sciences (Reimbaeva et. 
al 2020). The most important methods used to produce organo-clays are (i) 
intercalation reactions (using the method of soft displacement of the guest or 
impregnation of organic fragments), (ii) covalent grafting, for example, with 
organosilane (Dennis et. al 2001) or alcohols such as n-alkanols, diols, long-
chain glycol monoesters, etc. and (iii) replacement of exchange cations with 
organic molecules (Tunney et. al 2008).  This latter method is widely used 
for smectites, but usually results in a small organic content when applied to 
kaolinite due to its very low COS value.

Based on these data, new organoglinous systems in which clay is modified 
with dimethyl sulfoxides are evaluated in this work. Application multi-purpose 
characterization of the approach of X-ray powder diffraction, X-ray diffraction, 
thermal analysis, measurements, TGA-DTA, IR spectroscopy, and elemental 
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analysis. The ultimate goal is to determine the best operating conditions, 
taking into account the chemical nature of polyamine, to obtain an organo-
clay system characterized by high adsorption capacity of heavy metals and 
selectivity in wastewater treatment.

Experimental. Material and Solid Synthesis. Natural clay from the Aktobe 
deposit in Kazakhstan, Dimethyl sulfoxide (C2H6OS), distilled water (H2O), 
dioxin(C4H4O2), isopropanol (C3H8O), ES-6120 heated magnetic stirrer, 
vacuum oven, spiral refrigerator, chemical pump, thermometer, analytical 
scales, stoppers, tripod, three-necked flask round-bottomed, Bunsen flask, 
varonka, laboratory sieves-№.0.063, filter paper, measuring cylinder. The 
analysis was taken within the following limits of the measuring systems of the 
device: DTA = 250 µV, DTG = 500 µV, TG= 500 µV, T = 500 µV.

Synthesis of magnetic materials.The method of obtaining organo kleis. 
Due to the suitable adsorption properties of clay minerals, the increase in 
adsorption capacity can be improved by increasing the porosity of the clay 
material after chemical and physical treatment. To modify clay minerals, Aktobe 
natural clay was crushed into powder in a mill and sorted through a sieve of 
size №.0.063, 12 g. of kaolinite 12l. was washed with distilled water. Then 60 
ml. Dimethyl sulfoxide and 5 ml. H2O (dist.) were added to the mixture. water. 
The suspension was kept under magnetic stirring for 5 days at a temperature 
of 800C. 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 100 ml, then isopropanol 100 ml. The product was finally 
dried at a temperature of 50°C for 1 day.

Characterization. Composite characterization at various stages of 
preparation was performed as follows: Radiographs of kaolinite and modified 
organocaolinite were obtained for X-ray diffractometric analysis carried out 
on an automated diffractometer DRONE-3 with SIKA radiation, a β-filter. 
Diffractogram shooting conditions: U=35 kV; I=20 mA; shooting θ-2θ; 
detector 2 deg/min. Equipped with an X-ray energy dispersion spectrometer, 
it was used to characterize the morphology of clay particles and perform 
point elemental analysis. Infrared transmission (IR) spectra were recorded 
using KBr granules on an IR spectrometer with a detector and analyzed using 
OPUS software. Thermogravimetric derivative analyses were performed 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 TG function. DTA- DTG- TG-. 
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Results and discussion. Table 1 shows the content of elements in natural 
clays. The results show that natural clay mainly consists of Si and Al. As it was 
noted, the amount of iron oxide in the Aktobe clay sample is rich in silicon 
(25.93%) and aluminum (20.10%), while the content of alkalis and alkaline 
earth elements is low.

Table1. Elemental composition of natural clays

Natural 
clay
Aktobe

The analysis of all elements is performed.  Element weight (%)
O Na Mg Al Si S Cl K Ca Ti Fe Итог
52,32 0,21 0,07 20,10 25,93 0,06 0,31 0,24 0,10 0,25 0,42 100,01
Results in % connections.
O Na2O MgO Al2O3 SiO2 SO3 Cl K2O CaO TiO2 FeO Итог
- 0,29 0,11 39,34 58,31 0,16 0,33 0,31 0,14 0,45 0,57 100,01

(Figure 1).-The results of the elemental composition of natural clay were 
obtained using EMP analysis 

Figure 1. Elemental composition of natural clay Aktobe

X-ray diffractometric analysis. Diffractograms of a sample of natural 
clay were carried out on an automated diffractometer DRON-3 with SIKA 
radiation, a β-filter. Conditions for shooting diffractograms: U=35 kV; I=20 
mA; shooting θ-2θ; detector 2 deg/min (Fig. 2.).

Figure 2. Diffractogram of a sample of natural clay Aktobe.
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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. Quantitative ratios of crystal phases were determined. The 
interpretation of diffractograms was carried out using data from the ICDD card 
file: a database of powder diffractometric data PDF2 (Powder Diffraction File) 
and diffractograms of minerals pure from impurities. Shooting conditions: 
Diffractometer DRONE-3.0; accelerating voltage - 35 kV; anode current - 20 
mA.To determine the quantitative ratio of the crystalline phases of alumina, the 
samples were subjected to X-ray diffractometric analysis. Possible impurities 
with a low content and unambiguous identification due to the presence of 
only 1-2 diffraction reflexes, the absence or poor crystallization of chemical 
composition data are presented in Table 2.

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

Mineral Formula Concentration, %
kaolinite Al2(Si2O5)(OH)4 68,9
quartz SiO2 28,8
mica KAl2(AlSi3O10)(OH)2 2,3

The result of the analysis established that the sample of the studied Aktobe 
clay belongs to the group of layered silicates - kaolinite Al2(Si2O5)(OH)4, with 
a low amount of muscovite admixture KAl2(AlSi3O10)(OH)2. All the above 
diffraction peaks belong only to the above phases. Characteristic diffraction 
reflexes allowing identification of the phases present are noted.

Results of FTIR spectroscopy. The natural clays of the Aktobe deposit 
were studied by FTIR spectroscopy.  FTIR spectra of all compounds were 
recorded in solid form in tablets with KBr.

а) 
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b)
Figure 3. FTIR- spectrum of a sample of natural clay a) Aktobe

Spectrum of modified clays b) DMSO/Aktobe

The FTIR spectra of unmodified kaolinite (NMK) and kaolinite with DMSO 
modifications are shown in Figure 3. The spectrum of FTIR showed unmodified 
that the OH bending band at 937 cm1 was easily attributed to Al-OH. A strong 
band centered at 1126 cm1 represented the Si–O stretching vibration together 
with vibrations of 563 and 488 cm1, which indicated Si–O–Al and Si-O–Si 
bending vibrations, respectively, which were typical for tetrahedral Si-O. The 
bands at 3616 and 1518 cm1 were attributed to the stretching and bending 
vibrations of OH molecular water, respectively (Yariv et. al 2007). The band 
of 1475 cm1 was attributed to the presence of carbonate (Lothenbach et. al 
1997).t Appeared in the spectrum of FTIR NMK. These bands are associated 
with the main kaolinite. For modified DMSO kaolinite, peaks at 3222 and 2935 
cm1 were attributed to stretching fluctuations of -CH2 and -CH3, respectively, 
indicating the presence of a long alkyl chain in kaolinite (Shichang et. al 2008 
and Garcı´a-Lo´peza D., Gobernado-Mitre et. al 2005). Bands in 3616 and 
1518 cm1 were attributed to the disappearance of molecular water OH. This 
indicated a complete exchange of basal cations with the removal of water 
molecules (et. al 1995).

Results of thermal analysis (DTA and TGA).Results of thermal analysis 
(DTA and TGA) of the sample prepared clay from Aktobe. 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/min), 
the reference substance is calcined Al2O3. For clarity, the shooting conditions 
of the sample sample was strictly 200 mg, with the sensitivity of the scales - 
100 mg. The sample and the reference substance for analysis were placed in 
ceramic crucibles.  As a result of dynamic heating of these samples, the curves 
DTA, DTG and TG noted manifestations caused by the occurrence of various 
types of reactions in the system. Among them are processes associated with the 
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release of H2O and hydroxyls into the atmosphere during the decomposition 
of clay minerals, reactions with CO2 emissions as a result of the combustion 
of organic matter, as well as during the destruction of calcite. The first thermal 
manifestation is caused by the removal of sample particles dislocated along 
broken bonds from the adsorbed water system. It should be noted that on the 
DTA curve, the indicated reaction (at ~90°C) is not clearly traceable due to the 
low content of the amount of molecular water in the powder sample (1.125% 
of the initial mass of the tested substance), Table-3. Information about this 
dehydration on the DTA curve is hidden by the background of thermal 
interference (20-300°C), unrelated to the composition of the sample. Aktobe 
natural clay in conditions of continuous heating up to 1000°C left on the 
curves DTA, TG and TG manifestations caused by decomposition reactions 
of thermally active components. On the DTG curve, these processes were 
indicated by peaks at 50 and 490°C, and on the DTA line they were formed by 
endothermic peaks in the vicinity of 90 and 510°C and one exothermic effect 
in the region of 900°C, Figure 4.

   

Temperature 0С                                            Temperature 0С
а)                                                                             b)

Figure 4. Derivatogram of a sample of natural clay a) Aktobe
derivitogram of modified clays b) DMSO/Aktobe

       
The concentration of kaolinite in the sample was calculated based on its 

stoichiometric formula - [AL2(Si2O5)(OH)4]. The obtained content of this 
component (38.9%) is slightly lower than the value that X-ray phase analysis 
(XFA) gives for kaolinite - 68.9%. This discrepancy can be explained by the 
deficiency of hydroxyl inclusions in the crystal lattice in some part of kaolinite. 
This disadvantage of OH groups could originally have been in the kaolinite 
of the original sample or was formed during the preparation of the sample. 
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Therefore, the difference between the amount of kaolinite according to the 
results of X-ray phase and thermal analyses (68.9%-38.9% = 30%) should 
be attributed to degraded kaolinite. This degraded mineral is still somehow 
fixed by X-ray diffraction determination, however, thermal analysis sees in it 
only a substance that includes mechanically bound water (Δm1) and hydroxyl 
inclusions (Δm2), with a low potential of electrical bonds, i.e. displaced 
from the octahedral grid of kaolinite. In the studied sample, as a concomitant 
clay mineral, a hydroslude was found, which loses hydroxyl water (Δm5) in 
the amount of 1.375% of the initial mass of the sample in the interval 580-
1000°C. According to the results of this weight loss, the amount of this mica 
formation in the sample corresponds to 8.6%. Along with the calculated clay 
minerals, quartz was found in the test sample, which, at 500°C, usually leaves 
a weakly pronounced endothermic effect on the DTA curve associated with the 
polymorphic transition of this silicon oxide from the α state to β. Since this 
manifestation coincided with the dissociation of kaolinite in temperature, this 
effect is not traced on the DTA curve. And only when re-shooting the baked 
clay, the indicated curve indicated a weak effect, according to the intensity of 
which (and according to the residual principle) the following quartz content 
in the sample was calculated - < 20%.The organic inclusion in the sample is 
traced by the exothermic peak of the DTA curve in the range of 225-275°C. 
The thermal effect is formed as a result of the oxidation of COorg to the level 
of CO2, which, when it exits the system, leaves a clearly defined downward 
descending peak at 245°C on the thermogravimetric (DTG-) curve. Within 
the limits of the combustion temperatures, the thermogravimetric (TG-) curve 
indicated a weight loss step corresponding to 4.75% of the sample mass. This 
value corresponds to the concentration of organic matter in the test substance.

Table 3. Thermogravimetric indications natural and modified Aktobe clay 
within 20-1000°C

Thermogravimetric 
readings

Weight 
Loss 

Sequence

The amount 
of weight 
loss, in %

Volatile components 
of the heated sample

Temperature range 
of the decomposition 

stage, °C
Natural clay 

Aktobe
Δm1
Δm2
Δm3
Δm4

∑Δm1000°C

1.125
0.75
10.25
0.25

12,375

H2O
OH
ОН
OH

H2O, OH

20-100
100-255
255-745
745-1000
20-1000

Modified Aktobe 
Clay (DMSO)

Δm1
Δm2
Δm3
Δm4
Δm5

∑Δm1000°C

10,25
3,375
4,75
10,25
1,375

30

H2O
OH
СО2
OH
ОН

H2O, OH, СО2

20-200
200-225
225-275
275-580
580-1000
20-1000
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Two other reactions - in the temperature ranges of 510 and 900°C are 
characteristic of the destruction of the clay mineral - kaolinite. The first of them 
is associated with the release of constitutional water (OH) from the silicon-
oxygen framework, the second is due to the destruction of the kaolinite crystal 
lattice. The amount of this mineral in the sample is determined by the content 
of hydroxyl water set by the thermogravimetric (TG) curve. In our case, the 
loss of water during dehydration of kaolinite corresponds to the value of Δm3 
equal to 10.25%, Table-3. Taking into account the stoichiometric formula 
of kaolinite and the indicated weight loss, the amount of this mineral in the 
sample is 38.9%, Table-4. One of the components of the sample, when heated, 
left the most spectacular manifestations on the DTA curve, in the intervals of 
275 -580 and 875-930°C, Figure-4 (b). This is an endothermic peak at 485°C 
and an exothermic peak at 900°C. Similar manifestations are characteristic 
of the thermal destruction of kaolinite. The content of this clay mineral in the 
sample, according to the amount of emissions from the hydroxyl water system 
in the range of 275 -580°C (Table-3), is 38.9% (Table-4).

Table 4. Composition natural and modified clay Aktobe
№ Composition- Aktobe 

clay according to DTA- 
and DTG

nature.Aktobe clay is used 
according to DTA and DTG 
definitions in %

Modified Aktobe clay according 
to DTA- and DTG data

1 Quartz <20 <20
2 Hydrosluda >7 8.6
3 Kaolinite  38,9 38,9
4 Kaolinite degraded <30 <30
5 Organic Compound (CO) - 4,75

In the composition of the Aktobe clay there is also another kaolinite, 
which has a highly dehydrated structure. According to their methodological 
capabilities, such anhydrous systems are not registered by thermal analysis.  
It remains to accept the fact that along with the diagnosed kaolinite (38.9%), 
degraded (dehydrated kaolinite) is also present in the sample.Other mineral 
inclusions in the sample included hydrosludes and quartz. The hydroslude 
in the sample composition is above 7% Quartz, calculated according to the 
residual principle, corresponds to <20%, Table-4. Some differences in the 
contents of the components in the compared analyses (ex.Aktobe clay and 
Aktobe mod. clay), can be caused by the method of preparation of Aktobe 
mod. clay. Modified Aktobe clays under dynamic heating from 20 to 1000 ° C 
revealed a series of effects caused by the destruction of minerals and thermally 
active chemical compounds in its composition.

Conclusions.The natural clay of Aktobe was modified using DMSO To 
change the interlayer spatial gallery of natures. Aktobe clay was influenced by 
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the type of organomodifiers used. The prepared modified Aktobe clay can be 
arranged according to its spatial gallery in the order: (DMSO-K >) The results 
obtained showed that the DMSO modifier can be considered as a more suitable 
modifier for modifying natures. Aktobe clay, while it had the highest degree 
of intercalation. Based on the results of the thermal analysis characteristics 
of a number of natural kaolinite and taking into account the dehydroxylation 
temperature of the primordial clay (usually 580°C), it is possible to predict the 
nature of the organocles 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 followed by covalent grafting onto the inner surfaces 
of kaolinite. The characteristic vibrational characteristics of organoclays were 
confirmed by thermal analysis data and X-ray diffraction pattern. 
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