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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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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   
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«ҚР ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы».
ISSN 2518-170X (Online), 
ISSN 2224-5278 (Print)
Меншіктеуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.).
Қазақстан  Республикасының  Ақпарат  және  қоғамдық  даму  министрлiгiнің  Ақпарат  комитетінде
29.07.2020 ж. берілген № KZ39VPY00025420 мерзімдік басылым тіркеуіне қойылу туралы куәлік.
Тақырыптық бағыты: геология, мұнай және газды өңдеудің химиялық технологиялары, мұнай 
химиясы, металдарды алу және олардың қосындыларының технологиясы.
Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана.
Редакцияның мекен-жайы:  050010, Алматы қ., Шевченко көш., 28, 219 бөл., тел.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2022
Типографияның мекен-жайы:  «Аруна» ЖК, Алматы қ., Мұратбаев көш., 75.

Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
Қазақстан) H = 4

Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы,  техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
Р е д а к ц и я л ы қ  а л қ а:

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 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович,  техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының орын
басары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(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 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28
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ISSN 2518-170X (Online), 
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Собственник: Республиканское общественное объединение «Национальная академия наук 
Республики Казахстан» (г. Алматы).
Свидетельство о постановке на учет периодического печатного издания в Комитете информации 
Министерства информации и общественного развития Республики Казахстан № KZ39VPY00025420, 
выданное 29.07.2020 г.
Тематическая направленность: геология, химические технологии переработки нефти и газа, 
нефтехимия, технологии извлечения металлов и их соеденений.
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© Национальная академия наук Республики Казахстан, 2022
Адрес типографии: ИП «Аруна», г. Алматы, ул. Муратбаева, 75.

Главный редактор
ЖУРИНОВ Мурат Журинович,  доктор химических наук, профессор, академик НАН РК, 

президент Национальной академии наук Республики Казахстан, генеральный директор АО 
«Институт топлива, катализа и электрохимии им. Д.В. Сокольского» (Алматы, Казахстан) H = 4

Ученный секретарь
АБСАДЫКОВ Бахыт Нарикбаевич,  доктор технических наук, профессор, ответственный 

секретарь НАН РК, Институт химических наук им. А.Б. Бектурова (Алматы, Казахстан) H = 5
Р е д а к ц и о н н а я  к о л л е г и я:

АБСАМЕТОВ Малис Кудысович, (заместитель главного редактора), доктор геологоминерало
гических наук, профессор, академик НАН РК, директор Института гидрогеологии и геоэкологии им. 
У.М. Ахмедсафина (Алматы, Казахстан) H = 2

ЖОЛТАЕВ Герой Жолтаевич,  (заместитель главного редактора), доктор геологоминерало
гических наук, профессор, директор Института геологических наук им. К.И. Сатпаева (Алматы, 
Казахстан) Н=2

СНОУ Дэниел, Ph.D, ассоциированный профессор, директор Лаборатории водных наук универ
ситета Небраски (штат Небраска, США) H = 32

ЗЕЛЬТМАН Реймар, Ph.D, руководитель исследований в области петрологии и месторождений 
полезных ископаемых в Отделе наук о Земле Музея естественной истории (Лондон, Англия) H = 37

ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси 
(Нанси, Франция) Н=15

ШЕН Пин, Ph.D, заместитель директора Комитета по горной геологии Китайского геологического 
общества, член Американской ассоциации экономических геологов (Пекин, Китай) H = 25

ФИШЕР Аксель,  ассоциированный профессор, Ph.D, технический университет Дрезден 
(Дрезден, Берлин) H = 6

КОНТОРОВИЧ Алексей Эмильевич,  доктор геолого-минералогических наук, профессор, 
академик РАН, Институт нефтегазовой геологии и геофизики им. А.А. Трофимука СО РАН 
(Новосибирск, Россия) H = 19

АГАБЕКОВ Владимир Енокович, доктор химических наук, академик НАН Беларуси, почетный 
директор Института химии новых материалов (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Ph.D, ассоциированный профессор, Технический университет (Дрезден, 
Берлин) H = 20

СЕЙТМУРАТОВА Элеонора Юсуповна, доктор геолого-минералогических наук, профессор, 
член-корреспондент НАН РК, заведующая лаборатории Института геологических наук им. К.И. 
Сатпаева (Алматы, Казахстан) Н=11

САГИНТАЕВ Жанай, Ph.D, ассоциированный профессор, Назарбаев университет (Нурсултан, 
Казахстан) H = 11

ФРАТТИНИ Паоло, Ph.D, ассоциированный профессор, Миланский университет Бикокк 
(Милан, Италия) H = 28
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Editorial chief
ZHURINOV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president 

of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of 
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary
ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of 

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5
E d i t o r i a l  b o a r d:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical 
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of  hydrogeology and 
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEV Geroy Zholtaevich,  (deputy editor-in-chief), doctor of geological and mineralogical 
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty, 
Kazakhstan) Н=2

SNOW Daniel,  Ph.D, associate professor, director of the labotatory of water sciences, Nebraska 
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth 
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich,  doctor of technical sciences, professor at the Nancy University 
(Nancy, France) Н=15

SHEN Ping,  Ph.D, deputy director of the Committee for Mining geology of the China geological 
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H = 6
KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor, 

academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk, 
Russia) H = 19

AGABEKOV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary 
director of the Institute of chemistry of new materials (Minsk, Belarus) H = 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H = 20
SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor, 

corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named 
after K.I. Satpayev (Almaty, Kazakhstan) Н=11

SAGINTAYEV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan) 
H = 11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H = 28
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MECHANICAL ACTIVATION OF NAVBAHORSK BENTONITE 
AND ITS TEXTURAL AND ADSORPTION CHARACTERISTICS

Abstract. The article presents a method of purification of obtaining betonies 
clay for use in catalysis. It was found that the cleaning process includes the 
stages of centrifugation, drying and mechanical activation. Clay cleaning frees 
it from impurities and increases the proportion of the useful component - the 
sorption-active mineral montmorillonite. The porosity of the best method was 
determined (measurement of specific surface area and porosity). The accuracy and 
standardization of the method for determining the adsorption activity have been 
carried out. An exponential dependence of the adsorption activity on the weight 
of the sample, (1.0 g), sorption time (35 min) and the equilibrium concentration 
of the dye solution (39 ml 0.15%) were established. The physicochemical and 
textural properties of betonies clay for the use of catalysis have been studied. It 
was found that bentonite clay for use in catalysis is a light gray powder, odorless, 
practically insoluble in water and organic solvents, with a particle size of less 
than 0.3 mm. Control over the process of mechanical activation of bentonite in 
terms of “adsorption activity” was carried out using methylene blue dye. The 
results of the analysis of the adsorption activity of clay, obtained depending on 
the time of its mechanical activation.

Key words: betonies, clay, specific surface area, porosity, adsorption activity.
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НАВБАХОРСК БЕНТОНИТІНІҢ МЕХАНИКАЛЫҚ 
БЕЛСЕНДІЛІГІ ЖӘНЕ ОНЫҢ МӘТІНДІК-АДОРСПОРТТЫҚ 

СИПАТТАРЫ

Аннотация. Мақалада катализде қолдану үшін бентонит сазын 
алудың тазарту әдісі келтірілген. Тазарту процесі центрифугалау, кептіру 
және механикалық активтендіру кезеңдерін қамтитындығы анықталды. 
Сазды тазарту оны қоспалардан тазартады және пайдалы компоненттің - 
сорбциялық-белсенді минерал монтмориллонит үлесін арттырады. BET 
әдісінің кеуектілігі анықталды (меншікті беттік ауданы мен кеуектілігін 
өлшеу). Адсорбциялық белсенділікті анықтау әдісінің дәлдігі мен 
стандартталуы жүзеге асырылды. Адсорбциялық белсенділіктің үлгінің 
салмағына, (1,0 г), сорбция уақытына (35 мин) және бояғыш ерітіндісінің 
тепе-теңдік концентрациясына (39 мл 0,15%) экспоненциалды тәуелділігі 
анықталды. Бентонит сазының катализді қолдану үшін физикалық-
химиялық және текстуралық қасиеттері зерттелді. Катализде қолдануға 
арналған бентонит балшығының ақшыл сұр ұнтақ, иісі жоқ, іс жүзінде суда 
және органикалық еріткіштерде ерімейтіні, бөлшектерінің мөлшері 0,3 мм-
ден аспайтындығы анықталды.

Бұл жұмыстың мақсаты-бентонит сазының текстуралық және 
адсорбциялық сипаттамаларын зерттеу. Бентонит балшықтары ауыр 
металдар иондары, органикалық бояғыштар сияқты әртүрлі заттарға арзан 
сорбенттер болып табылады. Бірқатар жұмыстар әртүрлі қышқылдармен 
белсендірілген әр түрлі кен орындарының саздарының физико-химиялық 
параметрлерін зерттеуге арналған. Мақалада алюминосиликаттардың 
табиғи қаңқаларына, әсіресе цеолиттерге көп көңіл бөлінеді. Бұл 
материалдар теріс зарядталған үш өлшемді алюмосиликат қаңқасына ие. 
Раманың саңылауларында раманың зарядын өтейтін сілтілі металдардың 
гидратталған оң иондары және су молекулалары бар. Цеолиттерді 
қыздырғанда олардан су бөлініп, адсорбциялы қуыстар пайда болады. 
Бентонит саздарын қолдану өрістері әртүрлі активтендіру нәтижесінде 
оларға жаңа қасиеттер беру арқылы кеңейеді. Монтмориллониттердің 
кристалдық құрылымына әсер ету сипаты мен күші бойынша қышқылдарды 
үш топқа бөлуге болады.

mailto:kakmalaev@mail.ru
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МЕХАНИЧЕСКАЯ АКТИВАЦИЯ НАВБАХОРСКОГО 
БЕНТОНИТА И ЕГО ТЕКСТУРНЫЕ И АДСОРБЦИОННЫЕ 

ХАРАКТЕРИСТИКИ 

Аннотация. В статье представлена методика очистки получения 
бентонитовой глины для применения в катализе. Установлено, что 
процесс очистки включает стадии центрифугирования, сушки и 
механической активации. Очистка глины освобождает ее от примесей и 
повышает долю полезного компонента – сорбционно-активного минерала 
монтмориллонита. Определена пористость метода ВЕТ (измерение 
удельной площади поверхности и пористости). Проведена оценка точности 
и стандартизация метода определения адсорбционной активности. 
Установлена экспоненциальная зависимость адсорбционной активности 
от массы навески, (1,0 г), времени сорбции (35 мин) и равновесной 
концентрации раствора-красителя (39 мл 0,15%). Изучены физико-
химические и текстурные свойства бентонитовой глины для применения 
катализа. Установлено, что бентонитовая глина для применения в катализе 
представляет собой порошок светло-серого цвета, без запаха, практически 
не растворимый в воде и в органических растворителях, с размером 
частиц менее 0,3 мм. Целью работы является исследование текстурных и 
адсорбционных характеристик бентонитовой глины.

Бентонитовые глины представляют собой хорошие недорогие 
сорбенты для различных веществ, таких как ионы тяжелых металлов, 
органические красители. Эти материалы имеют отрицательно заряженный 
трехмерный алюмосиликатный каркас. В промежутках каркаса 
находятся гидратированные положительные ионы щелочных металлов, 
компенсирующие заряд каркаса, и молекулы воды. При нагревании 
цеолитов из них выделяется вода и образуются адсорбционные полости. 
Области применения бентонитовых глин расширятся за счет придания 
им новых свойств в результате различных видов активации. Одним из 
наиболее эффективных видов воздействия является обработка кислотами. 

file:///C:/Users/%d0%93%d1%83%d0%bb%d0%bd%d1%83%d1%80/Downloads/%d0%9a%d0%bd%d0%b8%d0%b3%d0%b0%20%d0%90%d0%ba%d0%b0%d0%b4%d0%b5%d0%bc%d0%b8%d0%ba%d0%b8%20%d0%a0%d0%b0%d0%b1%20(1)14.03.%202022%20(1)/%d0%9a%d0%bd%d0%b8%d0%b3%d0%b0%20%d0%90%d0%ba%d0%b0%d0%b4%d0%b5%d0%bc%d0%b8%d0%ba%d0%b8%20%d0%a0%d0%b0%d0%b1%20(1)14.03.%202022/%d0%9a%d0%bd%d0%b8%d0%b3%d0%b0%20%d0%90%d0%ba%d0%b0%d0%b4%d0%b5%d0%bc%d0%b8%d0%ba%d0%b8%20%d0%a0%d0%b0%d0%b1%20(1)14.03.%202022/ 
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По характеру и силе воздействия на кристаллическую структуру 
монтмориллонитов кислоты можно разделить на три группы.  

Ключевые слова: бентонит, глина, удельная площадь поверхности, 
пористость, адсорбционная активность. 

Introduction. Increasing the efficiency of use and development of the 
mineral resource base of betonies clays in Uzbekistan is an urgent problem. 
Betonies clays are good inexpensive sorbents for various substances, such as 
heavy metal ions (Dudina S.N. et.al, 2011), organic dyes (Moiseenko, 2006). The 
study of the physicochemical parameters of clays of various deposits, activated 
by various acids, is devoted to a sufficient number of works (Akmalaiuly K. 
et.al, 2020; Serpokrylov E.V. et.al, 2009). Much attention in the literature is 
paid to natural framework aluminosilicates, especially zeolites. These materials 
have a negatively charged three-dimensional aluminosilicate framework. In the 
gaps of the framework, there are hydrated positive ions of alkali metals, which 
compensate for the charge of the framework, and water molecules. When zeolites 
are heated, water is released from them, and adsorption cavities are formed. The 
areas of application of betonies clays will expand by imparting new properties 
to them as a result of various types of activation (Akmalaiuly K. et.al, 2020; 
Serpokrylov E.V. et.al, 2009). One of the most effective types of exposure is acid 
treatment (Gomelya N.D. et.al, 2004). According to the nature and strength of 
the effect on the crystal structure of montmorillonites, acids can be divided into 
three groups (Perelomov L.V. et.al, 2013; Orazova S.S. et.al, 2008).

Adsorption and other properties of natural sorbents and their optimal activation 
conditions are determined on the basis of a complex of physicochemical and 
adsorption-structural properties. The final stage of laboratory tests is to establish 
the suitability of sorbents for a specific technological process. The activation 
and modification of inorganic natural sorbents is carried out with the aim of a 
directed change in their properties. There are a number of effective methods for 
chemical and physical modification of the surface and regulation of the porosity 
of sorbents (Ramazanov A.Sh. et.al, 2015).

Physical methods of sorbent activation are reduced to sample processing 
in mills, vacuum drying, high pressure and temperature, ultrasonic vibrations, 
radiation and high frequency current (Sokolova T.A. et.al, 2005).

Materials and methods. On the basis of existing methods of clay purification, 
a technological method of purification of mineral raw materials of betonies clay, 
applicable in laboratory conditions, has been developed. The technique includes 
four stages: centrifugation, drying and mechanical processing. The efficiency 
of mechanical activation was monitored by observing the main parameters 
confirming the change in the structure of the clay: the size and shape of particles 
in electron micrographs, and the indicators of adsorption activity.
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Centrifugation was carried out for 5 minutes at a centrifuge operating mode of 
3000 rpm. Drying of clay was carried out in a dry heat oven at a temperature of 
130 0C for 190 minutes. The result is a clay with a particle size of 1-30 mm. The 
specified drying standards are established in a practical way as the most effective. 
Mechanical processing was carried out in a ball mill, followed by control of 
the shape, particle size and adsorption activity. It has been experimentally 
established that the optimal mechanical activation time is 90 minutes. The 
working hypothesis of mechanical activation for 90 minutes is based on the fact 
that with an increase in the processing time, an increase in the specific surface 
occurs, as well as a change in the shape of the solid and the accumulation of 
defects on its surface.

Fig 1. Micrograph of the initial clay sample (a) and after 30 minutes of 
mechanical activation (b)

Fig 2. Micrograph of a clay sample after 40 minutes (a) and after 80 minutes 
(b) mechanical activation
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Fig 3. Micrograph of a clay sample after 90 minutes (a) and after 100 minutes 
(b) mechanical activation.

Results. Figure 1 shows the initial sample with an average size of 10-30 
microns; the amount of the specified fraction is 54%, the amount of the fraction 
with a particle size of 25-35 μm. After 30 minutes of mechanical activation, the 
number of particles with an average size of 9-13 microns increases to 53%, the 
number of particles with a size of 15-30 microns decreases to 30%. 

After 40 minutes of mechanical activation, a further decrease in clay particles 
occurs, elements with an uneven surface of 10-30 µm appear, an increase in the 
amount of this fraction from 34% to 84% is observed (Fig. 2). After 80 minutes 
of mechanical activation (Fig. 2), particles with a size of 1-4 microns appear, 
particles with a size of 33-53 microns disappear. The number of particles with 
a size of 8-10 microns and 13-30 microns is 49% and 34%, respectively. The 
number of elements with an uneven surface increases. Sticking of small plate 
elements is observed. After 90 minutes of mechanical activation (Fig. 3), the 
content of the fine fraction (3-5 µm) increases from 39% to 84%, the amount of 
the 8-10 µm fraction decreases from 49% to 33%, and fractions larger than 30 
µm disappear. In this case, the maximum number of particles with uneven edges 
and defects on the surface is observed. The aggregation of particles increases. 
After 100 minutes of mechanical activation, the fractional picture, in comparison 
with the previous one (after 90 minutes of mechanical activation), changes little. 
The particles are aggregated and enlarged. Based on the above, the calculation 
of the particle size distribution was carried out depending on the duration of 
mechanical activation, presented in Table 1. As follows from the table, the 
sizes of clay particles decrease from 50 μm (after 30 minutes of mechanical 
activation) to 3-5 μm (after 100 minutes of mechanical activation) activation). 
After 40 minutes, the elements stick together. After 90 minutes, the maximum 



110

N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

number of lamellar elements and particles with ragged edges and defects on the 
surface is recorded. Clay processing for more than 90 minutes is impractical 
due to increased energy consumption. Thus, the most favorable is the 90-minute 
mode of mechanical activation.

   
Table 1. Changes in the particle size of the studied clay sample depending on 

the duration of its processing
Processing time, minutes Particle size, μm

3-5 5-10 10-20 10-30 30-50 More than 50
Fraction content,%

Without processing - 19 51 34 8.5 1.5
5 - 49 33 15 5 -

15 - 39 80 9 4 -
30 39 49 31 3 - -
90 83 31 8 - - -
80 85 30 5 - - -

 

Fig. 4. Dynamics of changes in adsorption activity depending on the time of 
mechanical activation.

Control over the process of mechanical activation of bentonite in terms of 
“adsorption activity” was carried out using methylene blue dye. The results of 
the analysis of the adsorption activity of clay, obtained depending on the time of 
its mechanical activation, are shown in Figure 4.

As follows from the diagram, the maximum adsorption activity observed in 
samples that have been machined for 90 and 100 minutes. In our opinion, the 
most optimal mechanical activation time is 90 minutes. Clay processing for more 
than 90 minutes is impractical due to increased energy consumption.

Discussion. Sorption of methylene blue occurs due to the isomorphic 
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substitution of atoms with the lowest valence in the tetrahedral layers of the crystal 
lattice structure of clay minerals. The number of active adsorbed centers depends 
on the structural features of the crystal lattice of clay minerals. The connection of 
methylene blue with the active adsorbed center occurs through its amino group 
or the central nitrogen atom. These processes are accompanied by a change in 
the color of the reagent used. The color of the clay after cleaning according 
to our method changes: the shade characteristic of the mineral montmorillonite 
becomes more pronounced. This allows us to assume that the proportion of the 
sorption-active mineral montmorillonite in the clay composition increases after 
its purification and enrichment. The study of the spatial structure showed that 
morphologically betonies consist of symmetric equated particles with an average 
particle size of 3-5 microns, which characterizes it as a mineral raw material with 
a high specific surface. Based on the energy dispersive spectrum, the chemical 
composition of Navbakhor betonies was determined, presented in Table 2.

Table 2. Chemical composition of betonies clays of the Navbakhor deposit
Name The content of oxides, (the masses %)

SiO2 TiO2 Al2O3 Fe2O3 MgO CaO Na2O K2O P2O3 SO3 FeO ppp
Alkaline bentonite 

clay
59,91 0,35 13,89 5,10 1,94 0,49 1,53 1,95 0,43 0,95 ---- 18,91

Carbonate - 
palygorskite clay

48,99 ---- 9,83 ---- 3,94 10,09 ---- 1,80 1,99 ---- 3,41 34,33

Alkaline earth 
clay

58,33 0,81 13,58 8,50 3,98 0,89 0,99 3,30 0,93 0,49 ---- 14,08

According to the standards of the International Union of Theoretical and 
Applied Chemistry, the study of the specific surface area and porosity is 
mandatory when studying sorbents, since it allows you to identify a clay sample 
with the most optimal adsorption characteristics. Adsorption is determined by 
the presence of pores in the test sample. Pores with a diameter less than 0.4 
nm are called submicropores, 0.4-3 nm in size - micro pores, 3-50 nm - micro 
pores, with a diameter of more than 50 nm - macro pores. Macropores act as 
channels for the penetration of substances into the sorbent. Mesopores are much 
smaller than macrospores; their radius of curvature is from 3 to 50 nm, which is 
much larger than the dimensions of the adsorbed molecules. Filling the volume 
of these pores is already possible by the method of capillary condensation. At 
pressures below the corresponding capillary condensation, adsorption occurs on 
the mesopore surface. Micro pores are filled with volumetric filling. Table 3 
shows the texture and adsorption characteristics of betonies clay.
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Table 3. Textural and adsorption characteristics of bentonite clay
№ Name index
1 Main faction Less than 0.1 mm - 95%
2 Maximum bulk density, g/cm3 0.935
3 Adsorption activity, bentonite, g 88.0±0,3
4 Cation exchange capacity, bentonite, eq 31.4
5 Specific surface area according to the single-point BET method, sm2/g 58.5
6 Specific surface area according to the BET five-point method, sm2/g 58.5
7 Pore volume at pressure P/P0 = 0.99, cm3/g 0.089
8 Average pore size, nm 4.9

From table 3 it follows that betonies is a fine crystalline powder of medium 
weight with satisfactory flow characteristics. The use of betonies powder in 
catalysis can be difficult. According to its adsorption characteristics, betonies 
is a combined micro-macro-micro porous adsorbents with a predominance of 
mesopores. Since the specific surface area is an average characteristic of the 
size of internal pores, its high indicator is due to the average pore size, which in 
betonies clay is 4.9 nm.

In order to standardize the method for determining the adsorption activity, 
the optimal conditions were selected according to the following indicators: the 
weight of the sample of the sorbent; sorption time; the volume or equilibrium 
concentration of the dye solution. Nine studies were conducted for each indicator. 
The results are shown in Table 4.

Table 4. The results of the quantitative determination of the adsorption activity 
of betonies clay according to the following parameters: weight of the sorbent 
sample, sorption time, volume or equilibrium concentration of the dye solution

Sample no. 1 3 3 4 5 8 9 9 9
m*, g 0,4 0,5 0,8 0,9 0,9 0,9 1,0 1,1 1,3
t, min 30
V, ml 35

A, betonies 81,9 81,9 81,9 83,0 83,0 59,9 59,3 58,0 53,1
Sample no. 10 11 13 13 14 15 18 19 19

m*, g 0,9±0,003
t, min 3 5 10 15 30 35 30 35 40
V, ml 35

A, betonies 5,9 13,3 39,9 49,1 83,0 83,1 83,0 83,3 83,3
Sample no. 19 30 31 33 33 34 35 38 39

m*, g 0,9
t, min 30
V, ml 15 30 35 30 35 40 90 50 55

A, betonies 31,3 35 44,9 55,3 83,0 83,1 83,1 83,3 83,1
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As shown by the tabular data, an increase in the weight of a sample of betonies 
clay at the same sorption time and a constant volume of the dye solution leads 
to a decrease in the fixation of the adsorption activity of betonies. Increasing the 
sorption time or volume of methylene blue dye does not change the adsorption 
activity reading. A decrease in the sorption time or the volume of methylene 
blue dye leads to incomplete adsorption and a decrease in the adsorption activity 
index. Thus, according to the results of the conducted studies, an exponential 
dependence of the adsorption activity on the weight of the sample, the sorption 
time and the equilibrium concentration of the dye solution was established, 
which confirmed the advisability of choosing the correspondence of the sample 
(0.9 g), the sorption time (30 min) and the equilibrium concentration of the dye 
solution (35 ml 0.15%). Betonies was standardized according to the following 
parameters: description, pH of the aqueous suspension, weight loss on drying, 
adsorption activity, cat ion exchange capacity, heavy metals (arsenic), specific 
surface area, volume and average pore size. The obtained indicators are presented 
in table 5.

This, bentonite is a light gray powder, odorless, practically insoluble in water 
and organic solvents, the pH of the suspension (5 in 100) is 9.1-9.9. The weakly 
alkaline nature of the suspension is explained by the presence of alkaline earth and 
alkali metals in the clay composition. According to the adsorption characteristics, 
this is a combined meso-macro-microporous adsorbent, the specific surface of 
which is 54.5 m3/g, the pore volume is 0.085 cm3/g, the average pore size is 4.9 
nm, the adsorption activity for methylene blue is 83.0 betonies, g. According to 
its technological characteristics, it is a finely dispersed medium-weight powder 
with an average flow ability index.

Table 5. Indicators of the quality of betonies clay
№ Characteristics Bentonite clay
1 Description Light gray powder, odorless, practically 

insoluble in water and organic solvents
2 pH of a suspension (5 in 100) in water 9.1-9.9
3 Weight loss on drying,% 88.0±0,3
4 Adsorption activity, bentonite, g 83.0±0,3
5 Cation exchange capacity, bentonite, eq 19.4
6 Arsenic Absent
7 The ratio of the elements Si4+ and Al3+ 3:1
8 Specific surface area according to the BET five-point 

method, m2/g
54,5±3,0

9 Pore volume at pressure P/P0 = 0.99, cm3/g 0.085±0.005
10 Average pore size, nm 4.9
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Analysis of derivatographic curves of betonies lines (Fig. 5) shows images of 
TG - thermal logarithmic gravimetric line, where a decrease in the initial mass 
of betonies is noted for a certain time, and DTG - differential thermal gravimetry 
shows a line of temperature parameters change.

The primary decomposition of betonies began at 900C and ended at 3000C. 
The loss was due to absorbed structural water and other volatile impurities.

Figure 5. Derivatogram of bentonite from the Navbakhor field

At the second stage of decomposition at a temperature of 4800C, the remaining 
mass of 339 bentonite is reduced to 335 bentonite, or 3.9% of the original mass. 
At this stage, the decrease in mass occurs due to the evaporation of carbonates 
and other volatile impurities that can decompose at given temperatures. This 
took about 19 minutes. In total, the decomposition of bentonite took about 59 
minutes, and the weight loss was 14% in total. 

Conclusion. After that, the decomposition process stopped, and stable metal 
oxides may have remained on the solid support (betonies). Thus, when the 
derivatographic lines of coal and betonies were combined, they, in principle, 
turned out to be the same. In the process of derivatographic analysis of coal 
and betonies, the optimal parameters of decarburization were established: 8000С 
for 40 min and activation at 9500С for 90 min. The main parameters for further 
checking the quality of the obtained granules are the establishment of the sorption 
capacity, strength and the ability to regenerate for further repeated use.

One of the main properties of betonies, which is decisive for its use in industry, 



115

ISSN 2224-5278 2. 2022

is the ability to swell, that is, the ability to absorb water. In almost all areas of 
application, betonies is used in ground form.

The chemical composition of the considered betonies has been determined. 
It has been established that the particles of the montmorillonite mineral have 
sizes of 1.0–0.3 µm and more, with a thickness of 0.001–0.03 µm. The shape of 
the particles is poorly expressed, rarely hexagonal, and tends to form aggregates 
of particles. The data of thermo gravimetric studies were obtained and the 
temperature ranges of structural transformations and destruction of betonies 
clays of the deposits under consideration were established.
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