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

ҚАЗАҚСТАН РЕСПУБЛИКАСЫ
ҰЛТТЫҚ ҒЫЛЫМ АКАДЕМИЯСЫНЫҢ

Д.В. Сокольский атындағы 
«Жанармай, катализ және электрохимия институты» АҚ

Х А Б А Р Л А Р Ы

 
 
 

SERIES 
CHEMISTRY AND TECHNOLOGY

2 (451)
 APRIL  – JUNE  2022

PUBLISHED SINCE JANUARY 1947

PUBLISHED 4 TIMES A YEAR

ALMATY, NAS RK

ИЗВЕСТИЯ
НАЦИОНАЛЬНОЙ АКАДЕМИИ НАУК 
РЕСПУБЛИКИ КАЗАХСТАН
АО «Институт топлива, катализа и
электрохимии им. Д.В. Сокольского»

N E W S
OF THE ACADEMY OF SCIENCES 

OF THE REPUBLIC OF KAZAKHSTAN 
JSC «D.V. Sokolsky institute of fuel, 

catalysis and electrochemistry» 



2

OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN

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.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА 
Хабарлары. Химия және технология сериясы» ғылыми журналының Web 
of Science-тің жаңаланған нұсқасы Emerging Sources Citation Index-me 
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 
lndex-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен 
сапасын ұсынады. ҚР ҰҒА Хабарлары. Химия және технология сериясы 
Emerging Sources Citation lndex-ке енуі біздің қоғамдастық үшін ең өзекті 
және беделді химиялық ғылымдар бойынша контентке адалдығымызды 
білдіреді.

HAH PK сообщает, что научный журнал «Известия HAH PK. Серия 
химии и технологий» 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 Socia1 Sciences Citation Index и the Arts & Humanities 
Citation Index. Web of Science предлагает качество в глубину контента 
для исследователей, авторов, издателей и учреждений. Включение 
Известия HAH PK в Emerging Sources Citation Index демонстрирует нашу 
приверженность к наиболее актуальному и влиятельному контенту по 
химическим наукам для нашего сообщества.
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SORPTION WATER PURIFICATION FROM HEAVY 
METAL IONS USING BENTONITE CLAY

Abstract. The problem of water pollution and lack of clean water are the main 
environmental problems in Kazakhstan. This is especially noticeable in the desert 
zone of the Aral Sea region (Syrdarya, Shu, Ili rivers, etc.). Currently, serious 
concerns are caused by contamination of the Syrdarya river basin with pesticides, 
heavy metals and radionuclides. It uses traditional methods of purification of 
Syrdarya water in providing drinking and technical water to the population 
of Kyzylorda. In this regard, in providing the population with drinking water, 
cleaning Syrdarya water from heavy metal ions is an important and difficult task. 
Solving such an urgent problem requires a comprehensive approach to water 
treatment. Therefore, it is necessary to clean metal ions using natural sorbents. 
The use of natural sorbents is due to its fairly high sorption capacity, selectivity, 
cation exchange properties and the possibility of complete ion sorption. In the 
purification of heavy metal ions from modeled water, the most effective sorbent 
is the Tagan field’s 14-horizon bentonite, which is preheated at a temperature of 
1200C for 6 hours and activated with 20% sulfuric acid for 6 hours.

Key words: sorbent, bentonite, clay, Tagan, thermal treatment, acid activation, 
heavy metal ions.
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СУДЫ АУЫР МЕТАЛЛ ИОНДАРЫНАН СОРБЦИЯЛЫҚ 
ТАЗАЛАУДА БЕНТОНИТ САЗЫН ПАЙДАЛАНУ

Аннотация. Судың ластану проблемасы және таза судың жетіспеушілігі 
Қазақстандағы негізгі экологиялық проблемалардың бірі. Бұл әсіресе Арал 
өңірінің шөлді аймағында (Сырдария, Шу, Іле өзендері және т.б.) байқалады. 
Қазіргі уақытта Сырдария өзені су бассейнінің пестицидтермен, ауыр 
металдармен және радионуклидтермен ластануы елеулі алаңдаушылық 
туғызуда. Қызылорда тұрғындарын ауызсумен және техникалық сумен 
қамтамасыз етуде Сырдария суын тазалауда дәстүрлі әдістерді қолданады. 
Осыған байланысты халықты ауыз сумен қамтамасыз етуде Сырдария суын 
ауыр металл иондарынан тазалау маңызды және күрделі міндет болып отыр. 
Мұндай өзекті мәселені шешу суды кешенді тазалау тәсілін қажет етеді. 
Сондықтан металл иондарын табиғи сорбенттерді пайдаланып тазалау 
қажет. Табиғи сорбенттерді қолдану оның жеткілікті жоғары сорбциялық 
сыйымдылығына, селективтілігіне, катион алмасу қасиеттеріне және ион-
дарды толығымен сорбциялау мүмкіндігіне байланысты. Модельденген 
судан ауыр металл иондарын тазалауда 6 сағат ішінде 1200С температурада 
алдын ала термиялық өңделген және 6 сағаттық 20% күкірт қышқылымен 
активтендірілген Таған кенорны 14-горизонт бентониті ең тиімді сорбент 
болып саналады. 

Түйін сөздер: сорбент, бентонит, саз, Таған, термиялық өңдеу, қышқылды 
активтендіру, ауыр металл иондары.



45

Volume 2, Number 451 (2022) 

Г.Т. Балыкбаева1*, Г.У. Ильясова1, К.Х. Дармаганбет1, 
Г.М. Абызбекова1, Ш.О. Еспенбетова2

1Кызылординский университет имени Коркыт Ата, Кызылорда, Казахстан;
2Казахский национальный педагогический университет имени Абая, 

Алматы, Казахстан.
E-mail: bal_gulzhan@mail.ru

СОРБЦИОННАЯ ОЧИСТКА ВОДЫ ОТ ИОНОВ ТЯЖЕЛЫХ 
МЕТАЛЛОВ С ИСПОЛЬЗОВАНИЕМ БЕНТОНИТОВЫХ ГЛИН

Аннотация. Проблема загрязнения воды и нехватка чистой воды являют-
ся основными экологическими проблемами в Казахстане. Это особенно 
заметно в пустынной зоне Приаралья (реки Сырдарья, Шу, Или и др.). 
В настоящее время серьезные опасения вызывает загрязнение бассейна 
реки Сырдарья пестицидами, тяжелыми металлами и радионуклидами. 
Используются традиционные методы очистки Cырдарьинской воды при 
обеспечении населения Кызылорды питьевой и технической водой. В связи 
с этим при обеспечении населения питьевой водой очистка Сырдарьинской 
воды от ионов тяжелых металлов является важной и сложной задачей. 
Решение такой актуальной проблемы требует комплексного подхода к 
очистке воды. Поэтому необходимо очистить ионы металлов с помощью 
при родных сорбентов. Использование природных сорбентов обусловлено 
их достаточно высокой сорбционной емкостью, селективностью, катионо-
обменными свойствами и возможностью полной сорбции ионов. При 
очистке ионов тяжелых металлов из моделированной воды наиболее эффек-
тивным сорбентом является бентонит, 14-горизонт Таганского месторож-
дения, который предварительно нагревают при температуре 1200С в течение 
6 часов и активируют 20%-ной серной кислотой в течение 6 часов.

Ключевые слова: сорбент, бентонит, глина, Таган, термическая обра-
ботка, кислотная активация, ионы тяжелых металлов.

Introduction. The Syrdarya is extremely important for the region’s economy, 
especially in agriculture. In the last decade, the water in the river has lost its 
natural fertile qualities. Instead of suspended particles, artificial ingredients have 
appeared, most of which are toxic. Discharge of collector and drainage water 
from agricultural fields with a high content of pesticides and mineral salts has a 
significant impact on water quality (Musabekov, 2001).

The Syrdarya provides with water residents of Kyrgyzstan, Uzbekistan and 
southern Kazakhstan. Syrdarya water is used for irrigation of cotton, grain fields, 
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vineyards and orchards of mentioned countries, and rice of Kazakhstan. It is also 
used by numerous factories, residents of localities in the three Central Asian 
republics (Baigulov, 1999).

Trends in changes in the quality of water are observed in the Syrdarya river 
basin. Every year, 20 million tons of salt are washed away from the fields by 
collector-drainage return waters in the Syrdarya. This increases the salinity of 
water in the Syrdarya river from 300-600 mg/l in the upper reaches to 3000 
mg/l in the lower reaches of the Ferghana valley, with the predominant salt 
composition: MgSO4, Ca(HCO3)2, NaCl, CaSO4. At the same time, the coli index 
increases significantly to 25,000, and the concentration of phenols and man-
made pollutants increases. Downstream, at the outlet of the Ferghana valley, 
the water quality deteriorates further and remains mostly unsatisfactory until 
the Delta and the confluence with the Northern Aral sea (Balykbayeva, 2012). 
In the works (Musabekov, Zhanabekov). The results of studies of pollution of 
the Syrdarya river based on the analysis of the chemical composition of water 
for heavy metals (HM) and their migration in the water, as well as the change 
in the total mineralization and main ions in the water of the Syrdarya river are 
presented. It is shown that the strong migration of TM in the Syrdarya river 
is a consequence of geochemical human activity. It was found that the water 
throughout has a high mineralization which is 939-3025 mg/l, moderately hard-
10.2-11.2 mg-EQ.

The research presents data from a ten-year monitoring of the radioecological 
state of the Syrdarya river water. The General radioecological situation of 
the Syrdarya water basin near the following localities is presented: Shardara, 
Tomenaryk, Shieli, Baigekum, Kyzylorda (Balykbayeva). The main radio-
nuclides-pollutants were identified and a radiation-hygienic assessment of the 
Syrdarya river water was given based on possible dose loads during their use 
(Zhanabekov, 2010). Based on the conducted research, the regime and dynamics 
of distribution of mineral fertilizer residues in the water of the Syrdarya river 
were established, the degree of excess of the MPC of nitrogen and phosphorus 
compounds (Zhanabekov, 2012) was established.

Based on long-term studies of the Syrdarya river water, the regularities of 
changes in the composition and type of water, metamorphization processes, and 
the mode and dynamics of distribution of mineral fertilizer residues have been 
established. The correlation between the content of heavy metals in water and 
the pH value, as well as mineralization, has been established. The technogenic 
impact of TM creates a serious threat to the environment of this region, since 
the detected metals, except Ti and Mn, have high values of water migration 
coefficients. The content of heavy metals in the bottom sediments of the Syrdarya 
river significantly exceeds the background values and MPC. Contamination of 
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river water with radionuclides near the village was identified and explained. For 
example, pollution of groundwater of Tomenaryk and the village of Baigekum, 
caused by the activities of the uranium mine (RU-6), located in the Shieli 
(Zhanabekov, 2013).

In work (Abishev, 2000) it is noted that among the first causes of the 
spread of cancer diseases among the population is the presence in drinking 
water of elements of heavy metals (copper, zinc, lead, etc.) and radionuclides 
(caesium-137, strontium-90, iodine-129) of natural and artificial origin.

The existing methods of water purification in the Syrdarya, in particular, to 
provide the residents of Kyzylorda with drinking and technical water, are based 
on the use of traditional methods of water purification, designed to meet the 
needs of a large number of people. At the same time, a significant part of the rural 
population uses Syrdarya water. This category of people uses mostly untreated, 
that is, dirty water. Therefore, it is not surprising that every year in the summer in 
the Syrdarya river basin, especially in its lower reaches, from time to time there 
are outbreaks of gastrointestinal diseases (Kostin, 2015).

Recently, the priority is to use natural sorbents to extract metal ions, which 
is due to their sufficiently high sorption capacity, selectivity, cation exchange 
properties and the possibility of almost complete removal of ions. An important 
factor is their relatively low cost.

In this regard, the purification of Syrdarya water from heavy metal ions is an 
important and complex task that requires a comprehensive approach to solving. 
The combination of various methods of water purification and analysis, based 
on the success of modern chemical science, allows us to open up new promising 
opportunities in this field.

Highly toxic, heavy metal compounds (Cr, Pb, Cd, Ni) increase cumulativeness 
in some vital organs and human tissues, which leads to chronic intoxication 
with concomitant consequences (cancer, inherent abnormalities of the heart and 
vascular system, urogenital system disease, etc.) (Zhanabekov, 2013).

The Tagan field located in the Tarbagatay area is the only known large field of 
bentonite clays in the Republic of Kazakhstan. The Tagan field of bentonite clays 
found in 1961 by geologists of the East Kazakhstan geological survey and is 
average in terms of reserves which amount to about 10 million tons of bentonite 
clays. Plot size is approximately 2 km2. The depth of the bentonite clays cover 
ranges from 0.5 m to 20-30 m (Zhanabekov, 2013).

As follows from preliminary experiments, bentonite in its natural state does 
not have a noticeable adsorption activity; thermal activation increases it to a 
small extent. Only after acid treatment they become active for use as catalysts 
and effective adsorbents. Therefore, in this work, we studied the adsorption of 
heavy metal ions on the thermoacid-active form of bentonite.
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In work (Zhanabekov, 2010).] the sorption properties of bentonite clays 
of East Kazakhstan are shown on the example of model solutions containing 
copper ions (Cu2+). The mechanism of exchange and the degree of extraction of 
ions from solutions are established.

The adsorption of zinc and cadmium ions on bentonite clays of the Zyryansky 
district in the Kurgan region (Russia) was studied depending on the contact 
time, pH and temperature. It was found that silanol and aluminol groups of clays 
participate in ion exchange, as well as in the formation of complexes with zinc and 
cadmium ions, depending on the pH, one or another process prevails. Adsorption 
of zinc and cadmium ions from binary equimolar solutions was studied. With 
an increase in temperature from 293 to 333 K, the adsorption of ions in the clay 
increases. Mechanisms of sorption of Zn(II) and Cd(II) (Baimoldaeva, 2010) 
ions are proposed.

Research materials and methods. 
The method of heat treatment of bentonite clay was carried out as follows. 

On a porcelain glass a measured bentonite clay is placed and dried in a dryer for 
3-4 hours at 105-1100C. The dried clay was crushed, passed through a sieve and 
placed in a glass container.

The method of acid treatment of bentonite clay was carried out as follows. In 
a round flask with a volume of 250 cm3, equipped with a reflux condenser, pre-
thermally activated bentonite clay with a mass of 20 g is placed. 80 cm3 of 20% 
sulfuric or hydrochloric acid is poured, heated for two, four or six hours, stirring 
in a water bath.

After the activation process is completed, the clay inside the flask cools 
down to 15-200C, and then gradually 5-10 cm3 of ammonia solution is added. 
The resulting clay is decanted and washed with water until the ammonium salts 
are completely removed. The sediment is filtered in a Buchner funnel using a 
vacuum pump, then replaced with a filtrate into a porcelain glass, dried in a dryer 
for 3-4 hours at 105-1100C.

Dried activated bentonite is passed through a fine sieve and transferred to a 
glass flask.

50 cm3 of bentonite clay undergone the activation (thermal, sulfuric acid) 
preliminarily mixed and brought to the desired pH value (by universal reagent 
paper) model water is poured into the cylinder. The bentonite sample weight (of 
different versions) is infused by varying the mass and mixing time. The solution 
is allowed for retention for 20-25 minutes.

The aliquot part of 20 cm3 is to be taken for later polarographic determination 
of heavy metal ions. The aliquot part of the purified bentonite clays (of various 
versions) of the model water of 20 cm3 (“blue tape” filtered through a dense 
filter) is placed into the conical flask of 100 cm3 and evaporated to wet residues. 
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2-3 cm3 of hydrochloric acid is poured, heated, added 1 cm3 of nitric acid and 
evaporated to remove nitrogen oxides. 2-3 ml of hydrochloric acid is poured 
to the resulting residue and evaporated to wet residues more. The operation 
of evaporation with hydrochloric acid (for the complete removal of nitrogen 
oxides) is repeated. At the same time the sample preparation of the initial and 
model water and the control experiment are carried out.

10 cm3 of supporting electrolyte is poured to the evaporated residue; it is heated 
to its dissolution and then it is cooled. The solution is poured into the electrolytic 
cell and the polarographic determination of copper, lead, cadmium and zinc at the 
half-wave potential minus 0.26; 0.47; 0.67 and 1.05 B is conducted respectively 
to ratio of the saturated calomel electrode. The polarographic determination 
of control experiment and comparing solutions are conducted under similar 
conditions. Wave height value of the control experiment is subtracted from a 
height of the sample wave and the test results are treated.

Results. The research object was the model water contaminated with heavy 
metals and the 14-horizon alkaline bentonite of the Tagan field of the Eastern 
Kazakhstan was tested as a sorbent.

The aim of this research is to examine the possibility of model water purification 
of heavy metal ions with the use of bentonite clays of various modifications 
available in the Tagan field as a sorbent. 

The received experimental data testify that bentonite clay of Таgan field 
can successfully be used for cleaning of drinking water from heavy metal ions. 
It was detected that bentonite clay in a natural condition has weak sorption 
properties, while the thermal activation raises them in an insignificant degree. 
Highest sorption properties of bentonite reveal after activation by acids, which 
eliminates alkaline part and one and a half oxides and by that change structure 
and adsorption properties of bentonite.

Discussion. As can be seen from Table below, due to the acid activation of 
bentonite a content of magnesium oxide, iron, alkali and alkaline earth metals 
noticeably decreases and a certain amount of silica gel is also released. This 
leads to an increase in surface of activated samples in 2.5 times, i.e. to 175 m2/g 
as compared to the surface of the unmodified samples (67 m2/g).

 
Table Composition of exchangeable cations and structural characteristics of 
natural and acid-activated bentonite samples

Sa
m

pl
e Content of exchangeable cations, mEq / 100 g

Surface, m2/g
Na+ Ca2+ Mg2+

Exchangeable cation
Н+ Al3+

Natural sorbent 27,80 44,50 28,40 - - 67,00
Thermo-acid bentonite 0,44 2,34 7,65 1,55 56,80 175,00
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In addition to the above there is a dramatically change of the chemical nature 
of the surface which becomes acidic due to replacement of hydrogen ions to acids. 
All of these factors lead to an increase in the sorption capacity of the sample.

It is known that due to the acid activation of bentonite, hydrogen ions of 
the activating acid not only displace cations of sodium, calcium, magnesium 
from the exchange positions, but also penetrate into the interior structure of the 
montmorillonite, weaken the connection of Me - O in the fragment Me-O-Si [14]. 
This is accompanied by the destruction of its structure and resulting in occurrence 
of aluminum cations in the exchange position along with the hydrogen ions that 
leads to the increase of sorption capacity of the sample.

Figure 1 Correlation of degree of extraction of metal ions from modeled water by bentonite 
clay, activated with sulfuric acid, the pH (activation time - 6 hours, sample weight - 0.5 g, 

mixing time - 20 minutes)

Figure 2 Degree of extraction of metal ions from modeled water by bentonite clay, activated 
with sulfuric acid (activation time - 6 hours, sample weight - 0.5 g, pH 8.0-8.5).

Figure 2 shows the correlation of the degree of extraction of ions Pb, Cr, Cd, 
Ni, from the pH medium. As it follows from Fig. 2, the highest values   of sorption 
of heavy metal ions are observed in the pH range 6.5 - 8.5. Fig. 2 also shows 
that at lower pH medium in the acidic region, metal ions are under decrease of 
extraction level. Apparently, this is due to a decrease in the exchange capacity of 
bentonite, as a result of desorption of metal ions.
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Conclusion. It should be noted that the 14-horizon bentonite of the Tagan 
field after 6 hours activation by 20% sulfuric acid and the preliminary thermal 
treatment for 6 hours at 1200C is the best sorbent for extracting heavy metal 
ions from water model. The optimum treatment behavior: pH medium - 8.0-8.5, 
mixing time - 20 minutes, the flow rate - 0.5 g of sorbent per 50 ml water.
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ПАМЯТИ  УЧЕНЫХ 

ПАМЯТИ 
ЛЕПЕСОВА КАМБАРА 
КАЗЫМОВИЧА

Безвременно ушел из жизни известный ученый-электрохимик, 
кандидат химических наук, профессор Лепесов Камбар Казымович. 
Большая часть его научной деятельности прошла в стенах Института 
органического катализа и электрохимии им. Д.В. Сокольского.

Камбар Казымович  родился в 1947 г. в Актюбинской области. В 1971 г., 
после окончания инженерно-физико-химического факультета Московского 
химико-технологческом института им. Д.И. Менделеева, поступил в 
аспирантуру Института органического катализа и электрохимии АН 
КазССР по специальности «теоретическая электрохимия». В 1975 г. 
защитил кандидатскую диссертацию по теме «Исследование кинетики и 
механизма ионизации висмута, меди и индия на вращающемся дисковом 
электроде с кольцом». С 1974 по 1987 г.г. работал в ИОКЭ АН КазССР 
в должности младшего, затем старшего научного сотрудника. С 1987 по 
2007 г.г. – заведующий лабораторией защиты металлов от коррозии ИОКЭ 
им. Д.В. Сокольского (в 2001 г. переименована в лабораторию прикладной 
электрохимии и коррозии).       

Результаты исследований К.К. Лепесова в области электрохимии металлов, 
полученные методом дискового электрода с кольцом, классической и 
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нестационарной вольтамперметрии, позволили выявить  основные законо-
мерности образования промежуточных продуктов – ионов металлов низшей 
валентности в процессах разряда-ионизации поливалентных металлов и 
установить протекание стадийных электродных реакций с участием ионов 
металлов промежуточной и необычной валентности в химических реакциях 
диспропорционирования и репропорционирования, комплексообразова ния 
в зависимости от природы металла и анионов раствора, активности воды в 
электролите.

Им впервые было показано и обосновано применение метода дискового 
электрода с кольцом для исследования комплексообразования ионов 
металлов промежуточной и высшей валентности в растворах.

К.К. Лепесов являлся высококвалифицированным специалистом в 
области исследования кинетики и механизма электрохимических и кор-
розионных процессов металлов и разработки методов защиты от кор-
розии. Он был ответственным исполнителем программы «Разработать 
компо зиционные ферритные антикоррозионные материалы на основе про-
дукции и вторичных ресурсов предприятий Казахстана» 2003-2005 г.г., 
инновационной программы «Организация опытного производства импорт-
замещающих средств электрохимической защиты стальных конструкций 
от коррозии» 2003-2005 г.г., ряда хоздоговорных работ по коррозии.

По результатам исследований разработаны антикоррозионные составы 
лакокрасочных материалов с различными добавками, повышающие кор-
розионную стойкость покрытий в водно-солевых и кислых средах, которые 
нашли применение при защите водоводов в различных регионах.

Лепесов К.К. – автор более 300 научных публикаций, 1 монографии и 28 
патентов на изобретения. Среди его учеников 8 кандидатов наук и 1 PhD.

Прирожденный талант исследователя в сочетании с неисчерпаемой 
творческой энергией и глубокой эрудицией определили его большой вклад 
в развитие химической науки. 

Он всегда останется для нас талантливым ученым, мудрым учителем и 
хорошим другом.

Коллектив АО «Институт топлива, катализа и электрохимии 
им. Д.В. Сокольского» выражает глубокое соболезнование 
родным и близким.  
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