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NAS RK is pleased to announce that News of NAS RK. Series of chemistry 
and technologies scientific journal has been accepted for indexing in the 
Emerging Sources Citation Index, a new edition of Web of Science. Content 
in this index is under consideration by Clarivate Analytics to be accepted in 
the Science Citation Index Expanded, the Social Sciences Citation Index, 
and the Arts & Humanities Citation Index. The quality and depth of content 
Web of Science offers to researchers, authors, publishers, and institutions 
sets it apart from other research databases. The inclusion of News of NAS 
RK. Series of chemistry and technologies in the Emerging Sources Citation 
Index demonstrates our dedication to providing the most relevant and influential 
content of chemical sciences to our community.

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

HAH PK сообщает, что научный журнал «Известия HAH PK. Серия 
химии и технологий» был принят для индексирования в Emerging Sources 
Citation Index, обновленной версии Web of Science Содержание в этом 
индексировании находится в стадии рассмотрения компанией Clarivate 
Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Socia1 Sciences Citation Index и the Arts & Humanities 
Citation Index. Web of Science предлагает качество в глубину контента 
для исследователей, авторов, издателей и учреждений. Включение 
Известия HAH PK в Emerging Sources Citation Index демонстрирует нашу 
приверженность к наиболее актуальному и влиятельному контенту по 
химическим наукам для нашего сообщества.
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PRODUCTION OF FUEL MIXTURE BASED ON BREAKED SILICON 
- PHOSPHATE RAW MATERIAL AND CHPP WASTE

Abstract. The article provides information on man-made wastes that are 
environmentally hazardous and used as raw materials in the production of 
fertilizers in the form of a fertilizer mixture based on solid waste from various 
enterprises on the environment. The objects of the study are off-balance 
phosphorite fertilizers of small-scale composition and low-quality chemical 
composition and waste from the heat-and-power center with long-acting 
phosphorus of the Aksai deposit.

Data on the mineralogical and chemical properties of industrial waste from 
coal mining, mining and industrial complex for the extraction of phosphate 
and siliceous raw materials in the Karatau phosphorite basin of the Republic of 
Kazakhstan are presented. The chemical and mineralogical compositions of ash 
and slag waste from thermal power plants, formed after the combustion of coal 
from the Karaganda and Ekibastuz basins, are given. 

The chemical and mineralogical composition of the waste of low-grade 
phosphate raw materials and coal ash from the Bogatyr and Maikube sections 
was studied using the INCA Energy Energy microhardening system using an 
electron microscope with a Jeol JSM-6490LV solution and HKL-Basic (Oxford 
Instruments) structural analysis in the laboratory of M. Auezov University.

The aim of the study is to obtain a new nomenclature of environmentally safe 

https://doi.org/10.32014/2021.2518-1491.60
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long-acting tukosmesi with trace elements based on waste from thermal power 
plants and dolomitized phosphate-siliceous raw materials.

In our opinion, the ash sludge (SWC) CHP contains components that possess 
unique technological properties that allow them to effectively use the quality of 
the fertilizer, so that the elements that grow properly do what they need.

Key words: mineral fertilizers, fertilizer mixture, dolomitized siliceous-
phosphate raw materials, ash and slag waste from thermal power plants, 
macroelements, microelements.
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ЖЭО ҚАЛДЫҚТАРЫ МЕН ДОЛОМИТТЕЛГЕН ФОСФАТТЫ-
КРЕМНИЙЛІ ШИКІЗАТ НЕГІЗІНДЕ ТУКОҚОСПА АЛУ

Аннотация. Мақалада қоршаған ортаға экологиялық қауіп төндіретін 
әртүрлі кәсіпорындардан шығатын техногендік қалдықтарды тыңайтқыш-
тар өндірісінде шикізат ретінде пайдалану туралы ақпарат берілген. Зерттеу 
объектілері Ақсай кенорнының баланстан тыс фосфоритті шикізаты мен 
шағын құрамды және сапасы төмен химиялық құрамды жылу энергетикалық 
орталықтан шыққан күл қоқыс қалдықтары болып табылады.

Қазақстан Республикасының Қаратау фосфорит бассейніндегі көмір 
өндіру, тау-кен және фосфатты және кремнийлі шикізатты өндіруге арналған 
өнеркәсіптік кешеннің өндірістік қалдықтарының минералогиялық және 
химиялық қасиеттері туралы мәліметтер келтірілген. Қарағанды   және 
Екібастұз бассейндерінің көмірін жағудан кейін пайда болған жылу электр 
станцияларының күл және шлак қалдықтарының химиялық және мине-
ралогиялық құрамы келтірілген. 

Төмен сұрыпты фосфат шикізаты мен  Богатырь мен Майкубе тілімдерінің 
көмір күлінің химиялық және минералогиялық құрамы M. Әуезов 
университетінің зертханасында Jeol JSM-6490LV ерітіндісі бар электронды 
микроскопты және HKL-Basic (Oxford Instruments) құрылымдық талдауын 
және INCA Energy Energy микроқаттану жүйесін қолдана отырып зерттелді.

Зерттеудің мақсаты жылу электр станцияларының қалдықтары мен 
доломиттелген фосфатты-кремнийлі шикізат негізінде экологиялық 
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қауіпсіз, ұзақ әсер ететін микроэлементтері бар тукосқоспаның жаңа түрін 
алу болып табылады.

Біздің ойымызша, ЖЭО-ның күл-шлак қалдықтарында тыңайтқыштар 
ретінде тиімді пайдалануға мүмкіндік беретін ерекше технологиялық 
қасиеттері бар компоненттер бар, өйткені өсімдіктердің қалыпты өсуі мен 
дамуына қажетті элементтер күлді шығаруда және доломит кендерінің 
стандартты емес экрандарында табылды.

Түйін сөздер: минералды тыңайтқыштар, тукоқоспа, доломиттелген 
кремний-фосфатты шикізат, жылу электр станцияларының күл қоқыс 
қалдықтары, макроэлементтер, микроэлементтер.
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ПОЛУЧЕНИЕ ТУКОСМЕСИ НА ОСНОВЕ 
ДОЛОМОТИЗИРОВАННОГО КРЕМНИСТО - ФОСФАТНОГО 

СЫРЬЯ И ОТХОДОВ ТЭЦ

Аннотация. В статье приведены сведения о техногенных, твердых 
отходах различных предприятий, оказывающих экологической опасности 
на окружающую среду, которые применяются в качестве сырья при 
произ водстве удобрений в виде компонентов тукосмеси. Обьектами 
иссле дований являются забалансовые фосфоритные мелкосерийные 
по составу и низкокачественные по химическому составу удобрения и 
отходы теплоэнергетического центра с фосфором длительного действия 
Аксайского месторождения.

Приведены данные о минералогических и химических свойствах 
техногенных отходов угледобычи и горно-промышленного комплекса 
по добыче фосфатного и кремнистого сырья в фосфоритном бассейне 
Каратау Республики Казахстан. Даны химический и минералогический 
составы золошлаковых отходов ТЭЦ, образующихся после сжигания углей  
Карагандинского  и Экибастузского бассейнов.

Химический и минералогический состав отходов низкосортного 
фос фатного сырья и угольной золы разрезов Богатырь и Майкубе был 
изучен с использованием системы микротвердения INCA Energy Energy с 
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использованием электронного микроскопа с раствором Jeol JSM-6490LV 
и структурного анализа HKL-Basic (Oxford Instruments) в лаборатории 
университета М. Ауэзова.

Целью исследования является получение новой номенклатуры эко-
логически безопасной тукосмеси пролонгированного действия с микро-
элементами на основе отходов тепловых электростанций и доломи-
тизированного фосфатно-кремнистого сырья.

По нашему мнению, золошлаковые отходы (ЗШО) ТЭЦ содержат ком-
поненты, обладающие уникальными технологическими свойствами, поз-
воляющими эффективно использовать их  в качестве удобрений, так как 
элементы, которые необходимые для нормального роста и развития расте-
ний обнаружены в ЗШО и в  некондиционных отсевах доломитовых руд. 

Ключевые слова: минеральные удобрения, тукосмесь, доломити зи ро-
ванное  кремнисто-фосфатное сырьё, золошлаковые отходы ТЭЦ, макро-
элементы, микроэлементы.

 
Introduction. The main established situation today imposes a number of 

technological requirements for mineral fertilizers and fertilizer mixtures on the 
markets. Therefore, the production of high-quality safe and environmentally 
friendly products of the chemical sub-industry and the agro-industrial complex 
is relevant. This is the basis for research in the development and creation of 
an environmentally friendly fertilizer mixture from off-balance dolomitized 
siliceous-phosphate raw materials of the mining complex with the introduction 
of heat energy centers (CHP) operating on solid fuels into their waste.

High yields can be achieved by providing plants with complete and sufficient 
fertilizers for their nutrition. In this regard, it is necessary to expand the range 
of mineral fertilizers, including dry fertilizer mixtures enriched with macro- and 
microelements in the form of iron, magnesium, sulfur, etc., without which plants 
get sick, this leads to low productivity. The use of micronutrients provides a 
significant increase in yield and improves the quality of plant products, increasing 
their nutritional value (Tarchevsky, 1964; Tarchevsky, 1964).

When choosing fertilizers, take into account the properties of soil and climatic 
conditions, biological and varietal characteristics of the crops grown. When 
choosing forms of fertilizer - the ratio of plants to its ionic composition, the 
physiological reaction of fertilizer, the ability of the root system to assimilate 
nutrients from hardly soluble forms (Avramva et all, 1996).

For the correct definition of fertilizers, it is required to know the nature of the 
interaction of fertilizers in the system soil - plant - fertilizer - environment.

It should be noted that the elements contained in ash and slag and in off-
balance carbonate-siliceous phosphorites can to some extent contribute to the 
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stabilization of the pH balance of the soil, which is intended for sowing. In 
addition, based on the analysis of its chemical composition, it is possible to 
determine the presence of macro- or microelements and which microelements 
are necessary for the soil environment.

The main macro components necessary for the mineral nutrition of plants are 
nitrogen, phosphorus, potassium. In addition to these elements, for the normal 
development of a plant, a number of elements are needed, called trace elements, 
which are part of a large number of natural and artificial compounds.

 It is well known that phosphorus compounds with adepic acid are involved 
in vital metabolism in the plant cell and are rich in macro-energetic bonds, in 
which the energy released during plant respiration is accumulated, participating 
in various synthesis processes and is concentrated in the commercial part of the 
crop (Kononov, 1988; Aldashev et all, 2006).

Potassium is necessary for plants, animals and microorganisms to ensure 
photosynthesis, as well as to activate the activity of many enzymes. The significant 
amount of potassium is found in the cell sap and increases the resistance of plants 
against pathogens of fungal diseases and contributes to their resistance in winter.

 Calcium is the protoplasmic structure of plants and its buffer connection with 
pectin substances forms the basis of the median plates that adhere the walls of 
individual cells. The main function of potassium is to neutralize organic acids 
formed in plant tissues. It promotes the elimination of excessive penetration of 
hydrogen, aluminum, iron and manganese ions into plants on acidic soils, as well 
as the absorption of ammonia nitrogen by plants.

Sulfur is a part of many components, performing an important function in 
the life of plants and determining the productivity of agricultural crops. The 
sulfur content in plants, depending on their culture, ranges from 0.02 to 0.50%. 
Microorganisms use a variety of sulfur compounds, and the roots of higher plants 
in the form of SO2.

Magnesium is a part of chlorophyll, participates in photosynthesis and plays 
the role of an enzyme activator, cleaving and transferring phosphoric acid. In 
plants, about 50% of magnesium is part of organic substances, and the rest is in 
the form of soluble salts.

Iron affects the formation of chlorophyll, being part of some enzymes. With 
a lack of iron, the plant chlorases occurs and the leaves lose their normal color. 
Iron starvation of plants in many cases manifests itself on calcareous and highly 
calcareous soils (Akhmedianov et all, 2008; Vlasov et all, 1972).

In addition to these elements, for the normal growth and vital activity of plants, 
boron, molybdenum, manganese, copper, zinc, cobalt and other trace elements 
are needed, which are part of a fertilizer mixture based on phosphogypsum and 
off-balance ores of the Karatau basin.
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The effective use of trace elements in fertilizer-fertilizer mixtures on various 
types of soils depends on many factors, therefore, knowing the chemical 
composition of the soil, it is possible to select various compositions and 
nomenclatures in the fertilizer mixture production process in order to obtain 
good yields both in quality and quantity.

Materials and methods. One of the production wastes containing macro- and 
microelements and amounting to multimillion tons are off-balance dolomitized 
carbonate-siliceous phosphorites from the Aksai deposit, the Karatau basin and 
ash and slag waste from thermal power centers accumulated after coal processing. 
The ash dumps of the CHP create great environmental tension, posing a threat 
to the environment and human health. As a result of wind erosion, ash particles 
containing settled dust and chemically active toxic substances pollute the soil, 
water and atmosphere. The same can be said about dolomitized carbonate-
siliceous phosphorites (Pasynkova, 1974). The main types of fuel and energy 
resources of the Republic of Kazakhstan are the coals of the Karaganda and 
Ekibastuz deposits, which after burning contain various trace elements in ash 
and slag, which are urgently needed by plants, since in various regions there is 
a low supply of micro- and macroelements in the soil (Zhantassov et all, 2020).

The research was carried out by the chemical method and on modern devices 
of physico-chemical analysis. The chemical and mineralogical composition of the 
waste of low-grade phosphate raw materials and coal ash from the Bogatyr and 
Maikube sections was studied using the INCA Energy Energy microhardening 
system using an electron microscope with a Jeol JSM-6490LV solution and 
HKL-Basic (Oxford Instruments) structural analysis in the laboratory of M. 
Auezov University. Тhe density of small fractions is 0.7-0.8 g/cm3.

Results. To obtain a fertilizer mixture based on solid waste from enterprises, 
the mineralogical composition of ash and slag waste from the burning of coal 
from the Bogatyr and Maikube sections and the chemical composition of low-
quality phosphorites from the Aksai deposit were investigated.

Table 1 - The content of chemical elements in the mineral part of the coal 
deposits of the Bogatyr and Maikube sections

Chemical composition The content of metals (wt.%) In the ash of coal deposits
Bogatyr Maikube

Fe 3,6 4,3
Ca 6,9 2,64
S 0,29 0,4
K 0,65 0,50
Ti 0,7 1,1
V - -
Ba 0,09 0,12
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P 0,36 0,35
Mn 0,115 0,11
Zn 0,023 0,023

According to the result, the content of metals in the mineral part of the coals 
of the Bogatyr and Maikubе deposits is shown in Table 1; it can be seen that the 
greatest amount of iron and manganese is contained in the ash of the Maikube 
deposit. The content of calcium, zirconium, especially in the ash coal Bogatyr. 

The chemical composition of coal ash for the main components of the Bogatyr 
and Maikube open-pit mines, the deposits of the Ekibastuz and Karaganda basins 
(in wt.%): Aluminum oxide 24.3 and 24.6; iron oxide 5.2 and 5.9; magnesium 
oxide -1.03 and 0.83; sodium and potassium oxide 0.79 and 0.61; calcium oxide 
4.9-3.7. The KCl pH of the medium is 7.2 to 8.2 for both deposits. The total 
content of exchangeable calcium and magnesium cations ranges from 5.5 to 
42 mg-eq / 100 g of substrate. In indicates that brown coal ash contains more 
exchangeable cations than coal ash.

Phosphate-siliceous ores of the Aksai deposit with a grain size of 0.11 and 
below were used as a feedstock. The chemical composition of the starting 
materials is given in Table 2.

Table 2 - Chemical composition of off-balance phosphorites Aksai
Content of components in %%

F Mn K Ca
19,1 0,003 0,014 1,49 29,85 1,7

It can be seen from the table 2 that off-balance phosphorites have the content 
of magnesium and calcium oxides at a reduced P2O5.

The chemical composition of off-balance dolomitized phosphorite of the 
Aksai deposit contains (in wt.%): Phosphorus oxide-19.1; potassium 1.49; 
magnesium-1.72; calcium-29.85; manganese-1.7.

Discussion. The possible range of fertilizers in general and complex fertilizers 
in particular can be very wide, both from the point of view of the content and 
ratio of nutrients in them, and from the point of view of the rate of dissolution in 
soil solutions. It should be remembered that an increase in the consumption of 
mineral fertilizers naturally requires an expansion of their range. For example, 
if 10-15 years ago in our country preference was given to water-soluble forms 
of nitrogen and phosphorus, nowadays the practice of combining water-soluble 
(fast-acting) forms with slow (long-acting) forms is becoming more widespread 
(Zhantassov et all, 2017; Zhantassov et all, 2020).

Our task is to obtain an ecologically safe fertilizer mixture of prolonged action 
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with microelements based on phosphate-siliceous raw materials and waste from 
thermal power plants. Since the wastes of TPPs are ash and slags, we studied the 
products of the coal industry and TPPs of Kazakhstan as raw materials for the 
production of fertilizer mixture.

The study of the mineral and chemical composition of off-balance dolomitized 
siliceous-phosphate raw materials of the Karatau basin and ash and slag waste 
from the TPP was carried out using modern instruments and methods of 
physicochemical analyzes.

For this, representative samples of carbonate-siliceous dolomitized phosphate 
raw materials from the Aksai deposit and ash and slag waste generated during the 
combustion of coal from the Ekibastuz and Karaganda coal basins were taken 
(Zhantassov et all, 2015).

Conclusion. The study of the composition of coal ash from the Bogatyr 
and Maikube sections and the chemical composition of dolomitized carbonate-
siliceous phosphate raw materials from the Aksai deposit determines the 
possibility of their use in obtaining a new range of flour mixtures for the agro-
industrial complex. 

Based on the above analyzes, the chemical compositions of off-balance 
dolomitized siliceous-phosphate raw material containing (in wt%) phosphorus 
oxide-19.1, phosphorus-8.32, potassium-1.49, magnesium-1.72, calcium-29.85 
were revealed. , manganese-1.7.

Ash and slag from the thermal power plant formed during the combustion 
of coal from the Bogatyr and Maikube deposits contain in their composition (in 
wt.%): Aluminum oxide 24.3 and 24.6; iron oxide 5.2 and 5.9; magnesium oxide 
-1.03 and 0.83; sodium and potassium oxide 0.79 and 0.61; calcium oxide 4.9-3.7.

The results of the mineralogical composition of ash-and-slag waste from 
thermal power plants formed after the combustion of coal from the Karaganda 
and Ekibastuz basins and off-balance dolomitized siliceous-phosphate raw 
materials from the Aksai deposit are presented.

It has been established that ash and slag waste from thermal power plants and 
off-balance ores contain components with unique technological properties that 
allow them to be effectively used as fertilizers, since these macro- and micro-
elements are urgently needed for the normal growth and development of plants.
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ПАМЯТИ  УЧЕНЫХ 

ПАМЯТИ 
ЛЕПЕСОВА КАМБАРА 
КАЗЫМОВИЧА

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

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

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

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

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

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

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

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

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

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