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

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.

3

ISSN 2224-5278 1. 2023

«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.).
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© Қазақстан Республикасының Ұлттық ғылым академиясы, 2023
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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MAIN CHARACTERISTICS OF FLY ASH FROM EKIBASTUZ SRPP–2 
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Abstract. Purpose of this work is to study physicochemical characteristics of fly ash from the 
Ekibastuz SRPP -2, which is the most powerful thermal power plant in Kazakhstan, in terms of its formation 
and accumulation. This will make it possible to use it more rationally and efficiently during obtaining CEM 
II/A-3, CEM II/B-3, CEM V/A and CEM V/B. Methodology. XRF and XPSA were used to identify 
chemical and phase compositions, and standard methods were used to determine physical properties. 
Results. Studied fly ash is a low-active material, in order to increase its effectiveness as an additive for 
Portland cements, it is recommended to activate it. Fly ash from Ekibastuz SRPP – 2 has following physical 
and chemical characteristics: specific surface – 290 m2 /kg, true density – 21 g/cm3, bulk density – ~780 
kg/m 3, specific effective activity of radionuclides – 72 Bq/kg. Chemical composition is represented mainly 
by SiO2 (56.7 %) and Al2O3 (28.6 %), phase composition – mullite (38 %), quartz (32 %), sillimanite (12 
%), hematite (5 %), glass phase (10 %) and unburned carbon (3 %); basicity modulus is 0,02 and the activity 
modulus is 0,5. It follows from the above that this fly ash is super acidic, among its components only the 
glass phase (10 %) can have increased activity, another part of silica (26 %) is reactive. Results of particle 
size distribution showed that: 

– unburned carbon is mainly concentrated in the composition of large fractions, and glass phase is
mainly among the smallest particles; 

– particles of mullite, sillimanite and quartz are approximately equally distributed in fractions
Urgency and significance of this problem is intensified with the fact that technogenic wastes of

CHPP are not sufficiently processed, current ash wastes accumulate and occupy vast areas, which takes 
them out of land use. Utilization of ash dumps makes it possible to reduce technogenic load on the 
environment and ensure rational use of secondary raw materials. Scientific novelty. For the first time, 
reasons for low activity of fly ash from the Ekibastuz CRPP-2 are shown; in order to increase efficiency, 
as an additive, it must be ground together with cement. Before grinding cement with the addition of fly ash, 
it is carried out on disintegrator mill. Practical value. Waste-free technology for processing of technogenic 
materials is being created, and activity of cements will increase. 

Keywords: fly ash; chemical and phase compositions, mullite, sillimanite, quartz, glass phase, 
unburned carbon, particles and fractions, physical and chemical properties 
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ЕКІБАСТҰЗДЫҢ 2–ГРЭС-НЕН АЛЫНҒАН ҰШУ КҮЛІНІҢ НЕГІЗГІ СИПАТТАМАСЫ 

Аннотация. Бұл жұмыстың мақсаты — Қазақстандағы ең қуатты жылу электр станциясы 
болып табылатын Екібастұз ГРЭС-2 күлінің түзілуі мен жинақталуы бойынша физика-химиялық 
сипаттамаларын зерттеу. Бұл ЦEM II/A-3, ЦEM II/B-3, ЦEM V/A және ЦEM V/B алу кезінде оны 
ұтымды және тиімді пайдалануға мүмкіндік береді. Әдістеме. Химиялық және фазалық құрамдарды 
анықтау үшін РФА және РФСА, ал физикалық қасиеттерді анықтау үшін стандартты әдістер 
қолданылды. Нәтижелер. Зерттелген ұшу күлі белсенді материал емес,бірақ оны портландцемент 
қоспалары ретінде қолдану үшін, басқа белсенді емес материалдарды алып тастап,  оның тиімділігін 
арттырып белсендіру ұсынылады. Екібастұз ГРЭС-2 күлі келесі физикалық-химиялық 
сипаттамаларға ие: меншікті беті – 290 м2/кг, нақты тығыздығы – 2,1 г/см3, үйінді тығыздығы - ~780 
кг/м3, радионуклидтердің меншікті тиімді белсенділігі – 72 Бк/кг. Химиялық құрамы негізінен SiO2 
(56,7 %) және Al2O3 (28,6 %), фазалық құрамы – муллит (38 %), кварц (32 %), силлиманит (12 %), 
гематит (5 %), шыны фазасы (10 %) және жанбаған көміртегі (3 %); негізгі модуль 0,02, ал 
белсенділік модулі 0,5 тұрады. Жоғарыда айтылғандардан бұл күл өте қышқыл болып табылады, 
оның құрамдас бөліктерінің ішінде тек шыны фазасы (10 %) белсенділігі жоғарылауы мүмкін, 
кремний диоксидінің тағы бір бөлігі (26 %) реактивтілікке ие. 

Бөлшектердің мөлшері бойынша таралу нәтижелері мынаны көрсетті: 
–жанбаған көміртек негізінен ірі фракциялардың құрамында шоғырланған, ал шыны фазасы

негізінен ұсақ бөлшектердің қатарына жатады; 
–муллит, силлиманит және кварц бөлшектері фракцияларға шамамен бірдей бөлінеді
Бұл мәселенің өзектілігі мен маңыздылығы ЖЭО-ның техногендік қалдықтары жеткілікті

түрде өңделмейтінін, күлдің ағымдағы қалдықтары жиналып, орасан зор аумақтарды алып 
жатқанын мойындау фактісімен күшейе түседі, бұл оларды жер пайдаланудан шығарады. Күл 
үйінділерін кәдеге жарату қоршаған ортаға техногендік жүктемені азайтуға және қайталама 
шикізатты ұтымды пайдалануды қамтамасыз етуге мүмкіндік береді. Ғылыми жаңалық. Алғаш рет 
Екібастұз ГРЭС-2 ұшу күлінің  аз белсенділігінің себептері көрсетілді, тиімділікті арттыру үшін 
қоспалар ретінде оны цементпен бірге ұнтақтау керектігі және де цементті күл-қоқыспен 
ұнтақтамас бұрын, ол диірмен-ыдыратқышта жүзеге асырылады. Практикалық маңызы. 
Техногендік материалдарды қайта өңдеудің қалдықсыз технологиясы құрылуда, цементтердің 
белсенділігі артады. 

Түйін сөздер: үлу-күлі; химиялық және фазалық құрамдар, муллит, силлиманит, кварц, 
шыны фазасы, жанбаған көміртек, бөлшектер мен фракциялар, физика-химиялық қасиеттері 
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Аннотация. Целью данной работы является исследование физико-химических 

характеристик золы-уноса Экибастузской ГРЭС-2, являющейся наиболее мощной тепло-
энергетической станцией в Казахстане, по ее образованию и накоплению. Это даст возможность 
более рационально и эффективно использовать ее при получении ЦЕМ II/A-З, ЦЕМ II/В-З, ЦЕМ 
V/A и  ЦЕМ V/В. Методика. Для идентификации химического и фазового составов применены РФА 
и РФСА, а для определения физических свойств использованы стандартные методы. Результаты. 
Исследованная зола-унос малоактивный материал, чтобы повысить ее эффективность как добавки 
для портландцементов рекомендуется ее активизировать. Зола-унос Экибастузской ГРЭС-2 имеет 
следующие физико-химические характеристики: удельная поверхность – 290 м2/кг, истинная 
плотность – 2,1 г/см3, насыпная плотность – ~780 кг/м3, удельная эффективная активность 
радионуклидов – 72 Бк/кг. Химический состав представлен в основном SiO2 (56,7 %) и Al2O3  (28,6 
%), фазовый состав – муллитом (38 %), кварцом (32 %), силлиманитом (12 %), гематитом (5 %), 
стеклофазой (10 %) и несгоревшим углеродом (3 %); модуль основности составляет 0,02, а модуль 
активности – 0,5. Из сказанного следует, что эта зола-унос сверх кислая, среди ее составляющих 
только стеклофаза (10 %) может иметь повышенную активность, еще часть кремнезема (26 %) 
обладает реакционной способностью. 

Результаты распределения частиц по размерам показали, что: 
-несгоревший углерод в основном сосредоточен в составе крупных фракций, а стеклофаза, 

преимущественно, находится среди мельчайших частиц; 
- частицы муллита, силлиманита и кварца примерно одинаково распределены по фракциям. 
Актуальность и значимость данной проблемы усиливаются с фактом признания, что 

техногенные отходы ТЭЦ недостаточно перерабатываются, текущие отходы золы накапливаются и 
занимают огромные площади, что выводит их из землепользования. Утилизация золоотвалов 
позволяет снизить техногенную нагрузку на окружающую среду и обеспечить рациональное 
использование вторичного сырья. Научная новизна. Впервые показаны причины малоактивности 
золы-уноса Экибастузской ГРЭС-2 для повышения эффективности как добавки, ее надо совместно 
размалывать с цементом и до измельчения цемента с добавкой золы-уноса осуществляется на 
дезинтеграторной мельнице. Практическое значение. Создается безотходная технология 
переработки техногенных материалов, повысится активность цементов. 

Ключевые слова: зола-унос; химический и фазовый составы, муллит, силлиманит, кварц, 
стеклофаза, несгоревший углерод, частицы и фракции, физико-химические свойства 

 
Introduction 
Currently, more than 500 million tons of ash and slag waste have been accumulated in Kazakhstan, 

which by 2030 will increase to one billion tons. The lion share of these technogenic materials is formed 
during combustion of Ekibastuz coals, which are hard, low- caking, high-ash, small-grained, but cheap. 
Therefore, they are used as fuel in many thermal power plants in Kazakhstan and Russia. 

In the process of combustion of Ekibastuz coals in the boilers of thermal power plants, complex 
chemical and phase transformations of their mineral components occur as follows (Potapov et al., 2016: 
14; Reference manual, 1985: 288): 

− high-temperature processes associated with clay: 
• at temperatures of 450…650°С, kaolinite (Al2O3·2SiO2·2H2O transforms into chemically active 

anhydrous metakaolinite (Al2O3·2SiO2); 
• at temperatures above 900°C, mullite (3Al2O3·2SiO2) is formed; 
− processes associated with decomposition of carbonates: 
•  iron carbonate (FeCO3) decomposes at 400…500°С; 
• at 600…1000°C, dicarbonization of calcite (СаСО3), magnesite (MgCO3) and dolomite 

(СаСО3·MgCO3) occurs; 
− processes at 540…573°С associated with phase transformations of quartz (SiO2); 
− at 400…700°С pyrite (FeS2) is oxidized with formation of iron oxides (Fe2О3) and sulfur (SO3); 
− at high temperatures (1200°C), eutectic mixtures appear, which are a glass phase, including a 

microsphere.  
And: 
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• most of the fuel boilers mode is designed in such a way that most of mineral constituents of coals 
pass into ash, and smaller part into slag; 

• in addition to specified ash composition can include all elements of the Periodic Table of D. I. 
Mendeleev; 

• chemical composition of ash can vary widely when same fuel is burned at TPPs. 
Let's add to what has been said: 
• now there are more than 300 technologies for the processing of ash and slag waste, depending on 

their chemical and phase composition; 
• the most ash-and-slag-intensive technology is their use in construction, including road 

construction. 
Table 1 shows negative consequences arising from impact of ash dump on ecosystem, which these 

technogenic wastes have on the biogeocenosis. 
From ecotope system lithosphere experiences the greatest anthropogenic load from impact of 

technogenic waste. Peculiarity of anthropogenic impact of ash dumps components on the lithosphere system 
is: 

– suppression of biochemical processes occurring in soil system as a result of occurrence of 
accompanying silicate-forming physical and chemical processes; 

– change in the pH of reaction medium (pH of soil medium is neutral, i.e. is about 7), both 
downward (with acid reaction) and upward (with alkaline reaction), which leads to violation of redox 
reaction occurring in soil system; 

– formation of various soluble and insoluble salts that depress soil components and adversely affect 
biochemical soil processes; 

− centers emergence of cementation by formation of aluminosilicate systems on the surface of the 
earth, as a result of which vegetation is destroyed. 

All this ultimately leads to erosion, pollution, salinization, desolation, dusting, alienation and other 
negative consequences in the lithosphere. 

By and large, ash is not a waste, but a valuable raw material - technogenic mineral formation. 
Therefore, in England and Germany, ash and slag is completely used in the national economy (100 %), in 
Japan - 82%, in the USA and China – 65 %, in Russia – 15 %. 

However, for various reasons, ash dumps are not used in Kazakhstan, since physical and chemical 
properties are very poorly studied, in addition, during their processing, other wastes are obtained from these 
wastes or ash dumps are unsuitable for use, since they contain a lot of unburned coal. 
 

Table 1- Negative consequences arising from impact of ash dump on ecosystem 
 

A
sh

 d
um

p 

Buildings and 
structures 

Reducing conditions of archophytomeliorative measures 
Reducing degree of biopositivity of buildings and structures 

Biocenosis  
[Flora (F2), 
fauna (Fn), 
man (Hs)] 

Decreased strength characteristics and durability of buildings and structures 
Oppression and deterioration of human condition, flora and fauna 
Occurrence of various diseases 

 
 
L – Lithosphere 

Depression of a vast territory and violation of natural landscape 
Depression of soil biota (earthworms, wood lice, earth mites, nematodes) and 
flora (fungi, bacteria, algae, etc.) 
Violation of the functional properties of soils (turf, forest cover, meadow 
felt, humus horizon) 

 
 
А – Аtmosphere 

Ambient temperature rise and climate change 
Formation of technogenic systems in the form of acid rain, greenhouse 
effect, ozone holes, etc. 
Change in the natural functional properties of the air basin 

H- Hydrosphere Anthropogenic impact of precipitation in the form of acid rain 
Increase in the amount of polluted ground and surface water 
Changes in the functional natural, physico-chemical properties of water 
systems 

 
Therefore, ash dumps in storage facilities in Kazakhstan are increasing from year to year, causing, 

as mentioned above, environmental, economic and socio-economic damages amounting to a billion tenge: 
• World experience shows that fly ash can be used in various areas of the national economy; 
• However, the most gold-intensive and environmentally-economically efficient areas, as already 

mentioned, are the construction and road industries. 
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During using fly ash as a mineral additive for cements and concrete mixtures, their physical, 
mechanical and operational properties are significantly improved. In connection with the foregoing, 
relevance of using fly ash as a component for cement and concrete mixtures is beyond doubt. 

Methodology 
To determine phase composition of material under study, a modernized DRON-3M diffractometer 

based on CuKα radiation with software was used. X-ray patterns of sample were obtained in the range of 
2ϴ(angles) from 10 to 70°. Chemical composition was determined using energy dispersive spectrometer 
«EDX–8000».  

Micrograph of fly ash was taken on a Superprob-733 scanning electron microscope. 
Results and discussions 
Chemical and phase compositions. Figure 1 shows an X-ray diffraction pattern of ash, from which 

it can be seen that reflections with interplanar distances, d/n, Å, are recorded: 
• mullite (3Al2O3·2SiO2) – 5.4246; 3.41; 2,2009 and others; 
• quartz (SiO2) – 4.2678; 3.41; 2.2852 and others; 
• sillimanite (2Al2O3·SiO2) – 5.4246; 3.41; 1.5233 etc.  
At the same time, values of some peaks of minerals coincide with each other, especially between 

mullite and sillimanite. In addition, there is also a glass phase in the ash, as evidenced by a halo on the X-
ray pattern in the region of 16° ... 28° and unburned carbon, which is not fixed on the X-ray pattern. In 
quantitative terms, ash components are distributed as follows, %: mullite – 38; quartz – 32; sillimanite –12; 
hematite – 5; glass phase –10; unburned carbon –3. 

 

 
Fig.1 - Radiograph of fly ash 

 
Chemical composition, %: SiO2 – 57,7; Al2O3 – 29,6; (Fe2О3+ FeО) – 6,4; CaO – 1,1; MgO – 0,35; 

SO3 – 1,3; K2O – 0,03; Na2O – 0,52; ппп – 3,0. 
Analyzing phase composition of fly ash, it can be stated that only glass phase, which contains a 

microsphere, has its pozzolanic and hydraulic activity, and rest is mullite (3Al2O3·2SiO2), quartz (SiO2), 
sillimanite (Al2O3), hematite (Fe2О3) and carbon (C) do not have pozzolanic and hydraulic activity. 

In addition, following micro elements are present in the ash: P, Sc, Mn, Pb, Ti, As, Zr, Ge, Ga, W, 
Ni, Cr, which do not exist independently in ash, do not form independent compounds, but are part of 
minerals and glass phase. 

Specific surface – 290 m 2 /kg; true density – 2.1 g / cm 3, bulk density – 780 kg / m 3. 
Fig. 2 shows electromicroscopic image of fly ash, which shows: 
• that particles are spherical, vitreous and hollow, ranging in size from 1 µm to 50 µm; 
• that large particles contain smaller spherical particles in their cavities (shown by arrow); 
• that on the surface of large particles there are, as a rule, tightly “glued” tiny granular balls. 
 

172



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

 
Fig. 2 - Micrograph of ash fractions in a scanning electron microscope 

 
Mechanism of particle formation can be represented as follows: 
• under conditions of hydraulic removal from furnace, ash with elevated temperature comes into 

contact with water, resulting in the formation of small glass balls; 
• after a moment, large melts due to action of water begin to turn into balls, during which small 

balls are captured by them into their cavity; 
• «massive balls» cool down more slowly, so already cooling small balls stick to their surface; 
it is possible to form relatively large balls, inside which there are small balls, according to the 

following mechanism: small balls are clustered in one place, attracted to each other, then during rotational 
movement, outer balls still stick together tightly, thereby creating a continuous outer surface; by the way: 
small balls located in the cavity of a large ball, as a rule, are mullite and α-quartz (Kokubu et al., 1996: 11; 
Entin et al., 1976: 5). 

It should be especially noted that on microscope screen, balls and fly ash balls have shiny and white 
(light) surface, which is typical for texture of glass. Сolor fades in the picture. Particles of unburned carbon 
here and there give a black background. 

Comparing data of X-ray phase and electron microscopy, one can detect, at first glance, some 
contradictions: 

• X-ray shows that fly ash mainly consists of individuals with a crystalline structure, and content 
of amorphous glass phase does not exceed 10 %; 

• in a scanning microscope, ash is represented mainly by glass phase in the form of spheres and 
balls. 

These contradictions are removed if we represent fly ash particles as a glass phase with a crystalline 
structure. Therefore, mullite (3Al2O3·2SiO2), quartz (SiO2), sillimanite (Al2O3·SiO2) and others are 
minerals with a glassy-crystalline structure, having neither hydraulic nor pozzolanic properties.  

Grading. These properties of fly ash entering system of hydraulic ash removal channels depend on 
many factors, main ones being: 

• design of boiler furnaces; 
• operating conditions of  boilers; 
• system of dust preparation and supply of coal dust for combustion; 
• type of mills and their operational condition; 
• device with which fly ash is fed into hydroash removal system of TPP 
Granulometric composition of the Ekibastuz SRPP by fractions is distributed as follows: till 0,5 

mm – 0,14 %; 0,45 mm – 2,26 %; 0,25 mm – 3,6 %; 0,1 mm – 25,8 %; 0,09 mm – 0,84 %; 0,08 mm – 
12,12 %; 0,06 mm – 4,5 %; 0,05 mm – 21,46 %; 0,045 mm – 21,38 %; 0,04 mm – 7,9 %.  
 

Table 2 - Distribution of phase composition of fly ash depending onfrom its fraction 
 

Distribution of phase composition depending on the fraction, % 
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Mesh sieve 
number 

Particle 
sizes, μm 

Content of the 
fraction on 
sieve, % 

mullite α- quartz sillimanite carbon glass phase 
(occupied by 
halo 
square, sm2) 

0,5 500 0,14 28 54 − 18 6 
045 450 2,26 44 21 24 11 14 
025 250 3,36      
01 100 25,8 46 18 28 8 14,5 

009 90 0,84      
008 80 12,12 42 20 31 7 18 
0063 63 4,5 47 17 29 7 20 
005 50 21,46 50 21 29 − 22 
0045 45 21,38 47 25 28 − 23 

004 40 7,9 51 14 35 − 23 
Table 2 shows distribution of phase composition of fly ash depending on its fractional composition. 

Analyzing data in this table, we can say following: 
fly ash is mainly represented by a fraction consisting of a particle with a size of 100 microns – 25.8 

%, a size of 80 microns – 12,12 %, a size of 50 microns – 21,46 %, a size of 45 microns – 21,38 %; in total 
they reach 80,76 %; 

• composition of a particle with a size of 500 μm stands apart, which is represented by mullite (28 
%), α-quartz (54 %), carbon (18%) and small amount of glass phase (occupying a halo area on the X-ray 
pattern reaches 6 cm 2; their content from the total fly ash is small – only 0.14 %;  
• content of unburned carbon on x-rays is fixed only in composition of large fractions - from 500 
microns to 63 microns; moreover, within these fractions, its content naturally decreases: 18 %–7 % – from 
coarse fraction to a fine one; 
•  area of the halo on X-ray patterns (Fig. 3), representing glass phase, increases with a decrease in 
dispersion of fly ash; so, for example, halo area on the x-ray pattern of particles with a size of 500 microns 
reaches 6 cm2, its intensity is 105 pulses/sec, and the size of 40 microns is 23 cm2, respectively; 
consequently, in the last composition of fly ash there are more (almost 3.8 more and 140 pulses / sec) glass 
phase, therefore, small particles can have the highest activity;  
 

 
 
Fig. 3 - Distribution of glass phase in fly ash fractions: 1 ... 4, respectively, fraction 500, 100, 80 and 40 microns; 5 - the content 

of the glass phase in the original fly ash 
 

• in particles of fly ash with a size of less than 450 microns, mullite content varies within 41...51 %, 
α-quartz – 14...25 % and sillimanite – 24...35 %. 1 ... 4, respectively, fraction 500, 100, 80 and 40 microns; 
5– glass phase сontent in the original fly ash. 

It is known that the above-mentioned components of the Ekibastuz fly ash have the following 
characteristics: 
• mullite and sillimanite are representatives of andalusite group; have hardness within 6…7.5, density 
– 3.03…3.23 g/cm3; optical characteristics in transmitted light - light refraction of sillimanite – Ng=1.677; 
Nm=1.658; Np=1.657; mullite − Ng=1.654; Nm=1.644; Np=1.642; have high refractoriness, extremely 
chemically inert and with high mechanical strength (Kuldeev et al., 2022:9; Bek et al., 2022:9); 

• α -quartz is a low-temperature form of mineral; uniaxial, positive: Ng=1.553 and 
Np=1.544; density 2.65 g/cm3; hardness – 7; almost insoluble in H2O, HCl and H2SO4H2SO4, soluble in 
HF, slightly soluble in alkalis.  

Moreover, it should be noted that 26 % of α-quartz is reactive towards lime. 
• Hematite – density 5.26 g/cm3, hardness 5…6, uniaxial, negative; Ng>2.95, Ne=2.74. Insoluble in 
water, organic acids, soluble in concentrated HCl solution (Bek et al., 2022: 7; Аitkazinova et al., 2020: 
11); 
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• coal – is amorphous carbon, density is within 1.8…2.1 g/cm 3; consists of smallest crystals invisible 
even to microscope, having graphite structure; absolutely does not have astringent properties; decomposes 
from sun rays , does not create compounds with water; does not interact and has no bonding strength with 
minerals of Portland cement clinker, lime, gypsum, mineral components of crushed stone, gravel and sand, 
therefore its presence in composition of cement stone, mortar, concrete and reinforced concrete products 
and structures is highly undesirable; 
• glass phase - occurs as a result of rapid cooling with water; has different densities: if it is lighter 
than water, then such a glass phase is called a microsphere with increased hydraulic and pozzolanic 
properties; therefore it is used as an active mineral supplement; if its density is higher than water, then it is 
known as a glass phase, which has latent hydraulic and pozzolanic properties. 
      Both types of glass phase actively interact (especially microsphere) with Portland cement hydration 
products, forming additional cementing agents in hardening systems. 
     According to the technical requirements of GOST 31108–2020, fly ash is introduced into the 
composition of the following types of cements: 
          • CEM II/A-3 in the amount of 6...20% by weight and CEM II/B-3 in the amount of 21...35% ( 
Estemesov et al.,2020:9;  Bek et al., 2022: 7); 

• CEM V/A in the amount of 18…30 % and CEM V/B in the amount of 31…49 %. 
 
At the same time, fly ash must meet technical requirements of the above-mentioned standard. Table 

3 shows chemical parameters of standard and investigated fly ash. 
 

Table 3 - Comparative data of chemical indicators of standard and fly ash 
 

№  Name of indicator ND 
on tests 

Norm ND according 
to GOST 
31108–2020 

Actual value 
fly ash 

1 Content of alkali oxides (R2O)  
in terms of Na2O, no more, % ГОСТ 5382–2019, p.12 2,0 0,54 

2 Content MgO, no more, % ГОСТ 5382–2019, п.7.3 5,0 0,35 
3 Weight loss on ignition (ppp),  

no more, % ГОСТ 5382–2019, p4 5,0 3,0 

4 Uniformity of volume change (expansion of 
cement with the addition of fly ash, no more, mm ГОСТ 30744–2001, p.7 10 9,0 

5 Содержание реакционноспособного SiO2, at 
least, % 

ГОСТ 5382–2019, p.6; 
RFSA 25 26 

6 Массовая доля реакционноспособного СаО, at 
least, %  ГОСТ 5382–2019, p.7 10 0,5 

7 Mass fraction of free calcium oxide СаО, no more, 
% ГОСТ 5382–2019, p.13 1 absent 

8 Specific effective activity of natural radionuclides, 
bk/kg ГОСТ 30108–94 До 370 72 

 
Conclusions 
1. Currently, Kazakhstan has accumulated more than 500 million tons of fly ash, which by 2030 

will increase to one billion tons. Such an accumulation of fly ash in storage creates a powerful 
anthropogenic impact on biogeocenosis. In light of this, complex physical and chemical studies of fly ash 
from ash storage facility of the Ekibastuz CRPP-2 were carried out.  

2. Following physical characteristics have been established: specific surface – ~200 m 2 /kg, true 
density – 2.1 g/cm 3, bulk density – ~780 kg/m 3. Fractional composition: the highest content of particles 
with a size of 100 microns (25,8 %), 80 microns (12,12 %), 50 microns (21,46 %) and 45 microns (21,38 
%); in this case, unburned carbon is concentrated in large fractions, and glass phase is concentrated in small 
ones. 

3. Chemical composition is presented SiO2 (57,7 %), Al2O3 (29,6 %), Fe2O3+FeO (6,4 %), CaO 
(1,1 %), MgO (0,35), SO3 (1,3 %), K2O (0,03 %), Na2O (0,52 %); pp= – 3,0 %. Composition still contains 
more than 13 micro elements that do not create independent compounds and do not remain in a free state, 
but are included in mineral phase composition of fly ash, which includes (rounded): mullite (3Al2O3·2SiO2) 
– 38 %; quartz (SiO2) – 32 %; sillimanite (Al2O3·SiO2) – 12 %; hematite (Fe2O3) – 5 %; glass phase – 10 
%; unburned carbon – 3% among them, onlyglass phase has pozzolanic and hydraulic activity, and 
reactivity – 26 % SiO2.   
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4. Modulus of basicity about 0.02; activity module – 0,5. From this it follows that studied fly ash
has a superacid index. 

According to its chemical properties, it can be used as an additive for Portland cements CEM II/A-
3, CEM II/B-3, CEM V/A and CEM V/B. However, to increase efficiency of fly ash, it is strongly 
recommended to additionally grind it together with cement. 

Studies were carried out within the framework of grant funding from Ministry of Science of Higher 
Education of the Republic of Kazakhstan AR14871694 «Development of technology for processing ash 
and slag waste from thermal power plant with production of demanded building materials».  
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