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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.



«ҚР ҰҒА» РҚБ 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» РҚБ, 2024

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

академигі, «Қазақстан Республикасы Ұлттық ғылым академиясы» РҚБ-нің 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



«Известия РОО «НАН РК». Серия геологии и технических наук».
ISSN 2518-170X (Online), 
ISSN 2224-5278 (Print)
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.
Периодичность: 6 раз в год. 
Тираж: 300 экземпляров.
Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28, оф. 219, тел.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© РОО «Национальная академия наук Республики Казахстан», 2024

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

президент РОО «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 геологомине-
ра ло 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-
ги ческих 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



News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology 
and technology sciences.
ISSN 2518-170X (Online), 
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information 
of the Ministry of Information and Social Development of the Republic of Kazakhstan No. 
KZ39VPY00025420, issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, 
technologies for extracting metals and their connections.
Periodicity: 6 times a year. 
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/

©  National Academy of Sciences of the Republic of Kazakhstan, 2024

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



6

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

NEWS of the National Academy of Sciences of the Republic of Kazakhstan
SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224–5278
Volume 6. Number 467 (2024), 6–18
https://doi.org/10.32014/2024.2518-170X.457

IRSTI 61.35.29
UDC 666.32/.36

© B.O. Adyrbaev*, A.Z. Darkhan, B.O. Yessimov, T.A. Adyrbaeva, 
E.S. Dubinina, 2024.

M. Auezov South Kazakhstan Research University, Shymkent, Kazakhstan.
E-mail: bekjan.94.com@mail.ru

SYNTHESIS OF CERAMIC GRANITE BASED ON DOMESTIC 
FELDSPAR RAW MATERIALS

Adyrbayev Bekzhan Orynuly – Master of Engineering and Technology, Doctoral student “Silicates 
technologies and metallurgy” M. Auezov South Kazakhstan research university, Shymkent, 
Kazakhstan, bekjan.94.com@mail.ru; https://orcid.org/0000-0002-4588-5717;
Darkhan Assel Zulpykharkyzy – Master of Engineering and Technology, Doctoral student 
“Silicates technologies and metallurgy” M. Auezov South Kazakhstan research university, Shymkent, 
Kazakhstan, assel04.94@mail.ru, https://orcid.org/0000-0002-3420-9465;
Yessimov Begen Omarovich – Professor, Doctor of Geological and Mineralogical Sciences, “Silicates 
technologies and metallurgy” chair, M. Auezov South Kazakhstan research university, Shymkent, 
Kazakhstan, boyessimov@gmail.com; https://orcid.org/0000-0001-8130-1486;
Adyrbayeva Tatyana Amanovna – Candidate of Technical Sciences, associate professor, “Silicates 
technologies and metallurgy” chair, M. Auezov South Kazakhstan research university, Shymkent, 
Kazakhstan, tatianaadyrbaeva@mail.ru; https://orcid.org/0000-0001-7049-3099;
Dubinina Yelena Sergeevna – Candidate of Technical Sciences, associate professor, “Silicates 
technologies and metallurgy” chair, M. Auezov South Kazakhstan research university, Shymkent, 
Kazakhstan, elena.silicat@mail.ru; https://orcid.org/0000-0001-9952-4573.

Abstract. Porcelain granite tile is one of the priority building materials in 
the Republic of Kazakhstan according to the latest programs for industrial and 
innovative development of country.

The porcelain granite tiles production is high-tech process based on kaolins, 
white-burning clays, feldspar and quartz sands, specially selected according to their 
mineral and chemical compositions.

The plant for the production of ceramic granite tiles LLP ZERDE-KERAMIKA 
and its branch in of Aktobe city are so far the only ones in Kazakhstan. They cover 
requirements of country in ceramic granite tiles by more than 30%. Currently, 
a project has been launched in Shymkent, according to which foreign investors 
are building a porcelain granite tiles plant with capacity of 12 million m2 to meet 
the needs of Kazakhstan and Central Asian countries. On the way to solving the 
problems of increasing production capacity is the problem of raw materials import 
substitution, among which is given special attention to feldspar mineral raw materials.
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The objects of study are feldspar and other types of mining raw materials 
involved in this technology, developed new raw mixes and synthesized samples of 
ceramic granite tiles 

The mineral-petrographic and technological aspects of selected feldspar raw 
materials were studied, and experiments series to find the optimal compositions 
and conditions for ceramic granite tiles synthesis have been studied.

Physicochemical processes and phase transformations have been studied during 
heat treatment both in individual components and in the developed ceramic granite 
masses.

 A very promising porcelain tile has been produced based on domestic import-
substituting feldspathic raw materials.

The research results will serve as the basis for the introduction into production. 
This development is the beginning of innovative involvement in the ceramic granite 
production of new genetic types of feldspar raw materials sources. It will expand 
the range and scale of acute deficiency of investigated component in this rapidly 
developing business every year.
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Аннотация. Керамогранит Қазақстан Республикасында елдің индустрия-
лық-инновациялық дамуының соңғы бағдарламаларына сәйкес басым 
құрылыс материалдарының қатарына жатады.

Керамогранит өндірісі – минералды және химиялық құрамы бойынша 
арнайы зерттеліп таңдалған каолин, ақтүсті күйетін саздар, дала шпаты және 
кварц құмдары негізінде орындалатын жоғары технологиялық процесс.

Керамогранит өндіретін “ЗЕРДЕ-Керамика” ЖШС зауыт және оның 
Ақтөбе қаласындағы филиалы әзірге Қазақстан Республикасында жалғыз, 
олар ел қажеттілігінің 30% астамын қанағаттандырады. Қазіргі уақытта ше-
тел инвесторлары Шымкент қаласында Қазақстан мен Орталық Азия ел де рі-
нің қажеттіліктерін қамтамасыз ету үшін қуаты 12 млн. м2 керамогранит шы-
ғаратын жобаны іске қосуда. Өндірістік қуаттарды ұлғайту саласындағы жос-
парларды іске асыру жолында шикізат материалдарын импорт алмастыру проб-
лемасы тұр, олардың арасында дала шпаты минерал шикізаты ерекше назарда.

Зерттеу объектілері – дала шпаты және осы технологияға қажетті тау-
кен шикізаттарының басқа түрлері, жергілікті шикізаттар негізінде зерттеп 
табылған жаңа құрамдар және синтезделген керамогранит үлгілері.

Іріктеп алынған дала шпатының минералдық-петрографиялық және 
технологиялық аспектілері зерттелді, сондай-ақ керамогранит синтезінің 
оңтайлы құрамдары мен шарттарын іздеу бойынша эксперименттер жүзеге 
асырылды. Жеке компоненттерде, сондай-ақ олардың негізінде зерттеп 
табылған керамогранит массаларында жоғары температурада өңдеу кезінде 
орын алатын физика-химиялық процесстер және фазалық өзгерістер зерттелді.

Бірінші рет отандық дала шпаты негізінде болашағы аса зор керамогранит 
алынды.

Зерттеу нәтижелері өндіріске шикізаттың жаңа түрін енгізуге негіз болады. 
Бұл жұмыс нәтижесі дала шпаты шикізаты көздерінің жаңа генетикалық 
түрлерін керамогранит өндірісіне инновациялық тартудың бастамасы. Ол жыл 
сайын қарқынды дамып келе жатқан осы өндіріске өте тапшы компоненттің 
номенклатурасы мен ауқымын кеңейтеді.

Түйін сөздер: керамогранит, минералды шикізат, дала шпаты, синтез, 
импорт алмастыру
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Аннотация. Керамогранит в Республике Казахстан согласно последним 
программам индустриально-инновационного развития страны в числе 
приоритетных строительных материалов. Производство керамогранита 
– высокотехнологичный процесс на основе каолинов, беложгущихся 
глин, полевых шпатов и кварцевых песков, специально подобранных по 
минеральному и химическому составам.

Завод по производству керамогранита ТОО «ЗЕРДЕ-Керамика» и 
его филиал в г. Актобе – пока единственные на территории Республики 
Казахстан, и они удовлетворяют более 30% потребности страны. В настоящее 
время в г.Шымкент запущен проект, по которому иностранные инвесторы 
строят керамогранитовый завод мощностью 12 млн. м2 для обеспечения 
потребностей Казахстана и стран Центральной Азии. На пути решения 
задач по наращиванию производственных мощностей стоит проблема 
импортозамещения сырьевых материалов, особое внимание среди которых 
падает на полевошпатовое минеральное сырье.

Объекты исследования – полевошпатовое и другие вовлеченные в данную 
технологию виды горно-рудного сырья, разработанные новые сырьевые 
составы и синтезированные образцы керамогранита. Изучены минералого-
петрографические и технологические аспекты подобранного полевошпатового 
сырья, а также проведены серии экспериментов по поиску оптимальных 
составов и условий синтеза керамогранита. Исследованы физико-химические 
процессы и фазовые превращения при термообработке как в отдельных 
компонентах, так и в разработанных керамогранитовых массах.

Впервые на основе отечественного импортозамещающего полевошпатового 
сырья получен весьма перспективный керамогранит.

Результаты исследований послужат основанием для внедрения в 
производство нового вида сырья. Данная разработка является началом 
инновационного вовлечения в керамогранитовое производство новых 
генетических типов источников полевошпатового сырья. Она расширит 
номенклатуру и масштабы остродефицитного исследуемого компонента в 
этом бурноразвивающемся с каждым годом деле. 

Ключевые слова: керамогранит, минеральное сырье, полевой шпат, 
синтез, импортозамещение.
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Introduction. The synthesis of ceramic granite tiles is aimed at creating a 
material that has the quality of natural granite.  They are obtained on the basis of 
kaolin, white-burning clays, feldspars and quartz sands, taking into account their 
mineral and chemical compositions.

Of all the listed components, feldspars play the most complex and significant 
role in this technology. In the production of porcelain granite tile, feldspathic raw 
materials usually mean only K-Na feldspars (a subclass of orthoclase) in this huge 
group of aluminosilicates, because they are relatively widespread and contain the 
necessary minimum of flux-forming alkalis.

Feldspars are genetically related to magmatic activity and, as part of various 
rocks, make up a colossal mass of the earth’s crust - about 50% of its weight. 
In terms of chemical composition, feldspars are aluminosilicates of Na, K, Ca - 
NaAlSiO8, КAlSiO8, CaAl2Si2O8 and have the ability to form isomorphic series 
(Figure 1) (Betehtin, 2008:736; Bokiy, 2003:584)

Figure 1 - Diagram of fluctuations in the chemical composition of feldspars

Feldspars are crystal-chemically aluminosilicates, where all 4 free half-oxygen 
ions at the vertices of Si and Al tetrahedra are bonded to adjacent tetrahedra in 
such a way that three-dimensional framework structures are formed. From half 
to a quarter of the tetrahedra, as a rule, are occupied by aluminum ions and the 
framework as a whole has a negative charge - one minus for each Al tetrahedron. K 
and Na ions are placed in large voids in the frame, neutralizing the charge, which 
give these silicates unique flux-forming qualities.
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The production of porcelain granite tile in the Republic at ZERDE-Ceramics 
LLP and its recently launched branch satisfies only about one third of the Republic’s 
needs. An urgent problem in further increasing the volume of porcelain granite tile 
production is a justified transition to the use of import-substituting feldspathic raw 
materials.

As the analysis shows, for the production technology of porcelain granite tile in 
many countries there has been and remains a problem of shortage of high-quality 
feldspathic raw materials. There has been a noticeable increase in targeted research 
to clarify the geological and mineralogical content and prospects of local deposits 
of feldspathic mineral raw materials as possible own sources (Adylov, 2007:3; 
Adyrbayev, 2017:5; Albertazzi, 2010:6; Baucia, 2010:11; Betehtin, 2008:736; 
Gacki, 2011:9; Guzman, 2003:496; Kulinich, 2000:372; Lewicka E, 2010:4; 
Moshnyakov, 2020:4; Tereshchenko, 2000:3; Zubehin, 2014:4).

The mineralogical, petrographic and experimental studies outlined below, aimed 
at developing the compositions of porcelain granite tile masses exclusively based 
on domestic feldspathic raw materials, were carried out taking into account the 
above goal. 

During the work, for the first time, feldspars from mineral deposits previously 
explored as raw materials for household porcelain and glass were tested in the 
mineral raw material composition of porcelain granite tiles. It is known that 
potassium feldspars are of greatest interest for the production of ceramics, including 
porcelain granite tiles. The use of feldspars is based on their ability to transform 
at relatively low temperatures into a melt, which, when solidified with kaolin and 
quartz, forms a dense white, slightly translucent mass - the mullite mineral basis of 
silicate ceramics.

Materials and basic methods. The objects of study are feldspar and other types 
of mining raw materials involved in this technology, developed raw masses and 
synthesized ceramic granite tiles.

The studies were carried out using physical and chemical methods, including 
mineralogical and petrographic, chemical, X-ray phase, differential thermal 
analyses, electron microscopic and traditional laboratory methods for studying 
mineral raw materials, ceramic granite masses and obtained material samples.

The chemical compositions of the most optimal raw materials, selected according 
to the results of comprehensive studies, are shown in the table 1.

Table 1. Chemical compositions of raw materials included for the development of ceramic granite 
masses
Mineral raw materials Content of oxides, % by mass loss on 

ignitionSiO2 Al2O3 CaO MgO TiO2 Fe2O3 K2O Na2O
Alekseevsky kaolins 71,02 20,07 - - 0,48 0,55 1,24 0,46 6,11
Berezovsky clays 51,36 29,64 1,44 1,10 1,46 1,39 1,38 0,90 11,22
Akzhar quartz sands 89,36 4,47 0,46 0,69 0,03 1,43 1,95 0,40 0,10
Aksoran feldspars 70,0 19,3 0,8 0,57 0,49 0,12 0,21 8,55 -
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The deposit of Aksoran feldspars in terms of the mineral phases composing 
it is unique in its own way and is localized in Permian granites, represented by 
more than ten stock-shaped almost monomineral feldspar bodies up to 100 m long 
and up to 30 m wide, exposed to the surface. Taking into account the content of 
alkali oxides, the mineral in its petrographic composition belongs to the albitite 
feldspathic rock (Figure 2). The reserves of raw materials, according to the forecasts 
of exploration geologists, will be enough to operate factories for tens of hundreds 
of years (Kulinich, 2000:372).

Figure 2 - Albitite of the Aksoran deposit and porcelain tiles based on it

The process of preparing ceramic masses included the following main 
technological steps: grinding of lumpy materials in a jaw crusher, wet grinding 
of raw materials until the crushed fractions pass through a 60 μm sieve, magnetic 
cleaning and preparation of a plastic mass.

The developed composition of the ceramic granite mass, obtained by analyzing 
the curves of flexibility on phase diagrams, by studying the physical-chemical and 
structural transformations into multicomponent systems during burning, and based 
on the results of technological experiments, is shown in Table 2. 

The quality of the obtained samples of ceramic granite tiles were evaluated 
by the following characteristic properties: water absorption, frost resistance, heat 
resistance, wear resistance and bending strength.

Table 2. Raw material composition of the developed ceramic granite mass
Components Contents of components in mass,%
Kaolins 28,0
Clays 26,0
Quartz sands 8,0
Feld spars 38,0
Total 100

To establish the optimal burning temperatures and holding duration, a 
burning cycle of the investigated mass of ceramic granite tiles were carried out at 
temperatures of 1000. 1050, 1100, 1150, 1200, 1250 and 1300 оС.

Below, Figure 3 shows curves of the dependence of the main properties of the 
studied porcelain granite tiles samples depending on the firing temperature. 
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Figure 3 - Curves of changes in water absorption (1), bending strength (2) and frost resistance (3) of 
porcelain granite tiles samples fired in the range of 1000-1300 oC

In all cases, 5 porcelain granite tiles samples were used to calculate the most 
representative average physical and mechanical indicators.

One of the main quality indicators of porcelain granite tiles is water absorption. 
This property is associated with the early destructuring of feldspathic components 
and the reaction of their interaction with the formation of new crystalline phases, 
melting of low-melting eutectics with the formation of a glassy phase and 
polymorphic transformations of the Na2O – Al2O3 – SiO2 and K2O – Al2O3 – SiO2 
systems, already at temperatures of 600 – 700 oC. 

The nature of the curves shows that the water absorption of the mass decreases 
evenly, starting from 1050 °C and approaches the minimum value at a temperature 
of 1200 °C. Its zero value is achieved at a temperature of 1200 – 1250 °C, upon 
completion of the above thermal processes.

It should be emphasized that, unlike traditional ceramics, when molding 
porcelain tiles, higher pressure is used, reaching 500 kgf/cm2. This circumstance 
has a very positive effect on the water absorption rates of porcelain granite tiles 
samples.

Water absorption at an increase in firing temperature of 1200 °C for all studied 
samples is 0.2%, which meets the requirements of the standard.

Frost resistance reaches its highest level at a firing temperature of 1200-1250 
°C, naturally correlating in the opposite direction with water absorption indicators. 
The nature of this indicator depends on the intensity of physical and chemical 
processes in the porcelain granite tiles mass during firing, when the shard begins 
to sinter, the mass becomes compacted and a monolith is formed from individual 
grains. Sintering occurs due to the formation of the liquid phase, reactions in the 
solid phase and the fusion of newly formed crystalline forms, as well as due to the 
recrystallization of primary compounds.

As is known, in ceramics, including porcelain granite tiles, the mechanical 
properties are influenced by the phase composition and microstructure, and there is 
also a direct connection between frost resistance and porosity or water absorption 
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of the material (Martín-Márquez, 2010:7; Nori, 2010:6; Sanchez, 2006:8; 
Tereshchenko, 2000:3; Wyszomirski, 2012:20; Zubehin, 2014:4).

The bending strength of prototypes obtained on the basis of the test mass 
increases rapidly starting from a firing temperature of 1000 °C, due to the contact 
in teractions of particles in the solid phase. From this temperature, solid-phase sin-
tering processes begin in feldspars with a change in physical and optical properties.

The presence of small mineral impurities in the form of secondary hydroxyl-
containing silicates leads to the formation of low-melting eutectics in limited 
quantities, providing sufficient bonding of mineral particles to impart initial strength 
to the shard of products. According to chronology, this takes place long before the 
melting of feldspars - albite Na2O·Al2O3·6SiO2 at a temperature of 1118 °C and 
orthoclase K2O ·Al2O3·6SiO2 at 1150 °C

The most important property for porcelain floor tiles in particular is abrasion 
resistance.

The dynamics of changes in the wear resistance of prototypes of the developed 
mass showed that wear resistance approaches the minimum value at the firing 
temperature of the samples in the range of 1200 - 1250 oC. It is under these 
conditions that in the studied masses, according to mineralogical and petrographic 
studies, mass mullitization and the formation of a uniformly granular structure of 
the material are observed.

It is not surprising that the heat resistance of tiles based on the developed porcelain 
granite tiles masses approaches the maximum value also at the firing temperature of 
the samples in the range of 1200 - 1250 oC.

At the final stage of firing, at temperatures above 1200 °C, the diffusion process 
of dissolution of the kaolinite residue and quartz begins in the feldspathic melt, 
which is so necessary for the construction of a crystal lattice of new mullite 
formations - the ultimate goal of porcelain granite tiles technology.

In these processes, as confirmed by experiments, the viscosity of the initial melt, 
which begins to appear in the body of the heat-treated mass upon reaching a certain 
temperature, is of decisive importance. An excessively viscous melt does not ensure 
complete cementation of particles, while a low-viscosity melt wets crystalline 
particle well, but later contributes to the appearance of unwanted deformation in 
the form of curvature of products.

It has been established that the more the melt is saturated with silica and alumina 
dissolving in it, the higher its viscosity and the higher the required characteristics of 
the samples. Firing products at the found optimal temperature ensured the necessary 
qualities of the material based on the developed masses.

This is due to the fact that, when the feldspathic melt reaches the melting 
temperature, the latter acts as a solvent for quartz and kaolinite residue, a binder 
of quartz and kaolinite residue that has not reacted with the melt, as well as an 
active mineralizer that promotes the occurrence of intramolecular transformations 
of kaolinite, diffusion processes and the growth of the linear dimensions of new 
formations.
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All the main physical and mechanical properties (Table 3) of the developed 
experimental porcelain granite tiles samples were determined and analyzed; they 
meet the requirements for porcelain granite tiles materials.

Table 3 - Physical and mechanical characteristics of the developed porcelain granite tiles samples

Name of indicator Normalized 
indicator

Values for developed samples
1200 оС 1250 оС

Bending strength, MPa, not less 40 42 49
Water absorption, %, no more 0,5 0,2 0,03
Frost resistance, n cycle, not less 100 106 120
Wear resistance (on quartz sand), g/cm2, no more 0,18 0,17 0,09
Thermal resistance, n cycle, not less 125 132 153
Surface hardness on the Mohs scale, not less 6 6-6,5 6-6,5

In this case, the feldspathic melt is saturated with diffusing aluminum ions in 
the melt. 

The completeness of these processes depends on the solubility of the crystalline 
phase in the liquid phase, the amount of the liquid phase and its properties - the 
ability to wet solid particles, spread over their surface and penetrate into the 
capillary gaps between solid particles.

When the temperature reaches 1300 °C, it is clearly visible that the physical and 
mechanical properties deteriorate, this shows that the optimal burning temperature 
for this composition is 1200 - 1250 оС.

Results. X-ray phase analysis data (Figure 4) of the synthesized porcelain 
granite tiles indicate mullite (d/n = 5.414; 3.408; 2.880; 2.697; 2.545; 2.206;) and 
quartz (d/n = 4,262; 3,345; 2,455; 2,285; 2,129; 1,981; 1,818).
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Figure 4 - X-ray image of porcelain granite tiles obtained on the basis of Aksoran feldspars

We studied the microstructures of samples of the developed porcelain granite 
tiles masses. The samples have (Figure 5) a rather dense structure. The general 
appearance of the microstructure is represented by clearly distinguishable feldspar 



16

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

relics consisting of glass and mullite, grains of residual quartz surrounded by rims 
of high-silica glass and closed pores of various sizes and shapes. In micrographs 
of the cleavage one can see a structurally glassy phase overgrown with small 
submicroscopic, evenly scattered mullite crystals. Mullite areas belonging to the 
original feldspar particles and almost undecomposed masses of clayey substances 
are clearly visible. In feldspar relics, large mullite needles grow from the surface as 
the composition changes due to alkali diffusion. 

As an analysis of the entire porcelain granite tiles production process shows, the 
narrowest and most problematic issue in this matter is the selection of feldspathic 
raw materials. It is the feldspar in the porcelain granite tiles charge that most 
determines the formation of the petrographic composition and structure of the 
material, which provides the desired properties of the artificial stone. 

Figure 5 - Microstructure of porcelain granite tiles obtained from Aksoran feldspars

Discussion. Feldspars are practically irreplaceable in the production of porcelain 
granite tiles - a synthetic analogue of the most famous natural material in terms of 
crystallinity, mineral composition, structure and properties. 

It has been established that the Aksoran feldspars, in terms of their material 
composition, belong to an almost monomineral albitite rock in granites and they are 
highly effective in melt and phase formation during sintering processes in porcelain 
granite tiles masses. 

According to previously expressed opinions, the best raw materials for porcelain 
production are potassium-sodium spars with a predominance of orthoclase 
(KAlSi3O8), because they, along with a low melting point, are characterized by 
a wide softening range (Guzman, 2003:496). At the same time, in experimental 
mineralogy there is an established fact that the melting of orthoclase at a temperature 
of 1250-1320 0C occurs better with the addition of albite. 
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The optimal parameters of the technology of porcelain tiles with new flux were 
determined and more than 30 tons of Aksoran feldspars were successfully tested in 
the conditions of the LLP «ZERDE-KERAMIKA» plant as an import-substituting 
component. 

From the results of the research, the prospects for using these albitites to cover 
the growing demand for this scarce and functionally important component in the 
production of porcelain granite tiles are obvious.

Conclusion. Based on domestic feldspathic raw material, which is also new to 
the technology of porcelain tiles, an innovative composition of the charge has been 
developed with the following ratio of components, %: feldspars - 38, clays - 26, 
kaolins - 28, quartz sands - 8. 

As an analysis of the entire porcelain granite tiles production process shows, the 
narrowest and most problematic issue in this matter is the selection of feldspathic 
raw materials. It is the feldspar in the porcelain granite tiles charge that most 
determines the formation of the petrographic composition and structure of the 
material, which provides the desired properties of the artificial stone. 

All properties of the developed porcelain granite tiles meet the requirements of 
the current standard. The high indicators of their technical properties are explained 
by the achievement of optimal mullite and quartz mineral phases and their ratios, 
as well as the favorable structure of the material.

As a result of the research, porcelain granite tiles, a very promising import-
substituting material, was synthesized for the first time on the basis of domestic 
feldspathic raw materials. Domestic albitite, proposed for introduction into 
porcelain granite tiles production, occupies the most dense area on the diagram of 
fluctuations in the chemical compositions of feldspars and, as a new raw material, 
has high potential for the future.
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