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[ Clarivate
Analytics

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.

Kasakcma+ Pecnybnukacbl YnmmblK fbiibiM  akademusicel «KP  ¥FA
Xabapnapbl. XuMusi )XeHe mexHO02usi CEPUSIChI» FbINbIMU XYypHarbiHbiH Web
of Science-miH xaHanaHfaH Hyckacbl Emerging Sources Citation Index-me
uHOekcmeryee KabbindaHraHblH xabapnaldel. byn uHdekcmeny bapbicbiHOa
Clarivate Analytics komnaHusickl XypHarndbl o0aH api the Science Citation Index
Expanded, the Social Sciences Citation Index xxeHe the Arts & Humanities Citation
Index-ke Kabbinday macerneciH kKapacmbipyda. Webof Science sepmmeywinep,
asmopnap, 6acnawbiiap MeH MeKemernepee KOHmMeHm mepeHOiei MeH
canacbiH ycbiHaobl. KP YFA Xabapnapbl. XUMUS )XOHE MEXHO/I02UsT Cepusicbl
Emerging Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH €H 63eKmi
JKoHe bedendi xumusinbiK FolribiMOap bolbiHWa KOHMeHmMkKe adarnobifbiMbi30bi
6indipedi.

HAH PK coobwaem, ymo Hay4Hbil xypHan «3eecmuss HAH PK. Cepusi
XUMUU U mexHosioauliy 6bi npuHsm 0ns uHdekcuposaHusi 8 Emerging Sources
Citation Index, obHoeneHHou eepcuu Web of Science CodepxxaHue 8 3mom
UHOeKcuposaHuu Haxodumcsi 8 cmaduu paccmompeHusi komnaHuel Clarivate
Analytics Onsi OanbHelweao npuHIMuUs XypHana e the Science Citation
Index Expanded, the Socia1 Sciences Citation Index u the Arts & Humanities
Citation Index. Web of Science npednazaem kayecmeo 8 251ybuHy KOHmeHma
ona uccrnedosamernel, asmopos, uisdamesnel u y4pexoeHul. BkroveHue
Uzeecmusi HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawy
MpusepPXeHHOCMb K Haubornee akmyanbHOMY U 6/1USIMENIbHOMY KOHMEHMY o
XUMUYECKUM Haykam 0rs1 Hawezo coobuecmea.
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XYTOPSTHCKHAW Buranmii, $punocodus gokropsr (PhD, apmariesr), Peaunr yHuBepCHTETIHIH
npodeccopsl (Penunr, Aurus) H = 40

TEJTAEB Barnar Bypxan6aiiyibl, TeXHHKa FRUIBIMIAPBIHBIH JOKTOpHI, mpodeccop, KP ¥FA
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ATABEKOB B nagumup EHokoBHY (3aMeCTHTENb IIABHOTO PENAKTOPAa), JOKTOP XUMHYECKHUX
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H=38

POCC Cammup, nokrop PhD, mpodeccop IIkomsr dapmanuyi HAIMOHAILHOTO IEHTPa HAYYHBIX
HCCIIEJOBAaHUH PACTUTEIBHBIX MPONYKTOB YHUBepcuTeTa Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop ¢unocodun (Ph.D, dapmanesr), mpodeccop Yuusepcurera
Penunra (Pepunr, Aurus) H = 40
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Kazaxcran) H= 13
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¢axynsreT BocTouHoit MenuuuHb! yHuBepeuTeTa Xamaapaa (Kapauu, [Takucran) H =21

®DA3BIJIOB Cepuk /IpaxmeToBHY, TOKTOp XMMHUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHO# paboTe VHcTHTYTa OpraHmdeckoro cuHTe3a U yrexumun (Kaparanna,
Kazaxcran) H=6

KOPOBEKOBA Ilapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, MactuTyT Xumun u xumudeckoit texaonornd HAH KP (bumukek, Keipreiscran) H = 4

XAJIMKOB [Ixypa6aii XaJaukoBW4Y, JOKTOp XHMHYECKHX HayK, mpodeccop, akazemuk AH
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A.M. Kozhakhmetova'", K.T. Zhantasov', O.B. Dormeshkin?,
B.K. Asilbekova!, G.T. Zhamanbalaeva'

M. Auezov South Kazakhstan University, Shymkent, Kazakhstan;
’Belarusian State Technological University, Minsk, Belarus.
E-mail: k aidana 19@mail.ru

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
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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.

AM. Koxxkaxmerosa'", K.T. JKanrTacos', O.Bb./lopmemkun?,
B.K. Ociinoexona!, I.'T. ’Kamano6ajiaeBa’

M. Oye3oB arsianarsl OHTYCTiK Kazakcran ynuepcureti, [LIbIMKeHT,
Kazakcras;
’benapych MEMJICKETTIK TEXHOJIOTUSIIBIK yHUBEpCUTETI, MuHCK, benapych.
E-mail: k_aidana 19@mail.ru

K30 KAJABIKTAPBI MEH JTOJIOMUTTEJII'EH ®OCPATTbI-
KPEMHUJIJII IMUKI3AT HETT3IHJAE TYKOKOCIIA AJTY

AHHoOTanus. Makajnajga KopliaraH opTara SKOJIOTUSUIBIK Kayill TOHAIPETIH
OpPTYPJIi KOCIMOPBIHAAPAAH IIBIFATBIH TEXHOTEH/IIK KAJIIBIKTapAbl THIHANTKBIIII-
Tap eHIpiCiH/E IUKI3AT peTiH/ie Naijanany Typasl aknapar oepuireH. 3eprrey
o0bekTlIepl AKcail KEeHOPHBIHBIH OajaHCTaH ThiC (GOCHOPUTTI MIMKI3aThl MEH
IIaFbIH KYPAaM/Ibl )KOHE Carachl TOMEH XUMHUSUIBIK KYPaM/Ibl ’KbLTY SHEPre TUKAJIBIK
OPTAJIBIKTAH IIBIKKAH KYJI KOKBIC KaJIJBIKTaphl OOJIBII TaObLIa/bI.

Kazakcran Pecnybnmukaceiaein Kaparay ¢ocdopur OacceifHinaeri Kemip
OH/IIPY, Tay-KeH *koHe (hochaTThl JKOHE KPEMHUII ITUKI3aTThl OHIIPYTe apHaTFaH
OHEPKACINTIK KEUIEHHIH OHAIPICTIK KaJJIbIKTAPbIHBIH MHHEPATOTHSUIBIK JKOHE
XUMUSJIBIK KaCHETTEepl Typajbl MajiMerTep KenTipiareH. Kaparanuel >koHe
Exibacty3 GacceliHaepiHiH KOMIpiH KaFyJaH KeiiH naiaa O0iIFaH KbUTy JIEKTP
CTaHLMSUTAPBIHBIH KYJI JKOHE NUIAK KAJABIKTAPBIHBIH XUMHSJIBIK KOHE MHHE-
PaJIOTUSIIBIK KYpaMbl KEJITIPUITeH.

Temen cypbinTsl pocdar mmkizarel MeH borateips Men MaiikyOe TiiMaepiHiH
KOMIp KYJiHIH XUMHUSUIBIK J>KOHE MHHEPAJOTHSUIBIK Kypambl M. ©Oye3oB
YHUBEPCUTETIHIH 3epTXanacbiHaa Jeol JSM-6490LYV epitinmici 6ap 37eKTpOHABI
mukpockonTsl xoHe HKL-Basic (Oxford Instruments) KypbUTBIMIBIK Tal1aybIH
xoHe INCA Energy Energy MukpokartaHy »KyHeciH Koj1aHa OTBIPbII 3epTTEIl.

3epTTeyniH MaKcaThl KbUTy JIEKTP CTAaHIWSIIAPBIHBIH KAJIIBIKTaphl MEH
JOJIOMUTTENTeH (PoCcaTTHI-KPEeMHUII1 IIHMKI3aT HETi31HAE OSKOJOTHUSIIBIK
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KayiIci3, y3aK acep eTeTiH MUKPOIEMEHTTEpl 6ap TYKOCKOCIIaHBIH jKaHa TYpPiH
aty OoJbIn TaObLIa/IbI.

biznin olibiMbizma, XXOO-HBIH KYJI-IIJIaK KAIIBIKTAPBIHAA THIHAUTKBIIITAP
peTiHae THWIMII MaijalaHyFa MYMKIHIIK OEpeTiH epeKIle TEeXHOJOTHSIIBIK
KacuerTepi 6ap KOMIIOHEHTTep Oap, OUTKEeH1 ©CIMIIKTEP/IIH KaJIbIITHI 6CYl MEH
JaMyblHA Ka)KeTTI JEMEHTTep KYJAI IIbIFapyla >KOHE JOJIOMHT KeHJEpPiHiH
CTaHJAPTTHI EMEC YKPAHJAPbIH/A TaObLI/bL.

Tylin ce3gep: MUHEpasabl THIHAUTKBIILTAP, TYKOKOCIA, JOJIOMMUTTEITEH
KpeMHUH-PocaTThl IIUKI3AT, JKbUIY SJEKTP CTAHLUSIAPBIHBIH KYJI KOKBIC
KaJJIBIKTapbl, MAaKPOAJIEMEHTTEP, MUKPOJJIEMEHTTED.

A.M. Koxxkaxmeroa'’, K.T. Kanracos!, O.b. lopmenkun?,
B.K. Acuioexosal, I'T. ’Kamanoanaena'

"TOsxno- Kazaxcranckuii yauBepcuter uM. M Ayazosa, [lIsivkent, Kazaxcran;
“benopyccKuii roCyaapCTBEHHBIM TEXHOJIOIMUYCCKUN YHUBEPCHUTET,
Munck, benapycs.

E-mail: k aidana 19@mail.ru

INOJYYEHHUE TYKOCMECH HA OCHOBE
JOJTJOMOTHU3UPOBAHHOI'O KPEMHUCTO - ®OCPATHOI'O
CbIPbSA 1 OTXOAO0B T3

AHHoTanusi. B crarbe npuBeneHb CBEACHMS O TEXHOTCHHBIX, TBEPBIX
OTXO0/1aX Pa3JIUYHbIX MPEANPHUATHH, OKa3bIBAIOIINX IKOJIOIMUECKON OIIaCHOCTH
Ha OKpYXXAIOUIYI Cpeny, KOTOpbIe INPUMEHSIOTCS B KaueCTBE CHIPbS IpHU
MPOU3BOJICTBE yAOOpEHUH B BHJIE KOMIIOHEHTOB TyKocMmecu. OObekTaMu
WCCIIEIOBAaHUM SIBISIOTCSL  3a0anaHcoBblie  (OCHOPUTHBIE MEIKOCEPUNHBIE
[0 COCTaBY M HU3KOKauY€CTBEHHBIE IO XMMHUYECKOMY COCTaBy YHOOpeHUs U
OTXOJIbl TEIJIOPHEPreTUUECKOro IeHTpa ¢ GocPOopoM UIUTENBHOTO ACUCTBUS
AKCaiCKOro MECTOPOXKICHUS.

[IpuBeneHbl AaHHbIE O MMHEPAJIOTMUECKMX W XUMHUYECKHX CBOMCTBaxX
TEXHOT€HHBIX OTXOJOB YINIEAOOBIYM M TOPHO-MPOMBIIIIEHHOTO KOMIUIEKCa
no no6wrue ¢ocharHOro M KPEMHHUCTOTO CHIpbs B ¢ochopuTHOM Oacceiine
Kaparay Pecny6nuku Kazaxcran. J[aHbl XUMHUYECKMH M MHHEPAJIOTHUECKUN
COCTAaBBI 30JI0IIIAKOBBIX 0TX0710B TOL, 00pa3yromuxcs mocie CKUraHus yriaen
Kaparannuackoro u DxubacTy3ckoro 6acceifHOB.

XUMHUYECKUA U MHHEPATIOTMYECKUN COCTaB OTXOAOB HHU3KOCOPTHOTO
(docaTHOro Chipbs M YroiabHOW 3016l pa3pe3oB borareipp u Maiikybe Obu1
M3yYeH ¢ ucnosb3zoBaHueM cucteMbl MukporBepaeHus INCA Energy Energy c
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HCIOJIb30BaHUEM 3JIEKTPOHHOTO MHKpOCKoma ¢ pactBopoM Jeol JSM-6490LV
u crpykrypHoro anammsza HKL-Basic (Oxford Instruments) B mabGopatopuu
yHuBepcuteTa M. Aya3oBa.

Lenpro uccnenoBaHus SIBISETCS NOJTY4YEHHE HOBOW HOMEHKIATYpPhI JKO-
JOTHYEeCKH O€30TMacHOM TYKOCMECH MPOJIOHTHPOBAHHOTO IECHCTBUS C MUKPO-
SJIEMEHTaMH Ha OCHOBE OTXOJOB TEIUIOBBIX 3JIEKTPOCTAHIMA M JOJIOMH-
TU3UPOBAHHOTO (HOC(HATHO-KPEMHHUCTOTO CHIPHSI.

[To namemy MHenuto, 3oionuiakoBeie oTxonabl (3LLIO) TIL cogepkar xom-
MIOHEHTHI, 00JIaJAIONINe YHUKAIBHBIMU TEXHOJIOTUYECKUMU CBOWCTBAMHU, MO3-
BOJIAIOIIMMU 3(()EKTUBHO HCIOIB30BaTh UX B KauecTBE yIOOPEHMI, TaK Kak
3JIEMEHTBI, KOTOpbIE HEOOXOIUMbIE JI1 HOPMAJIBHOTO POCTa U Pa3BUTHsI pacTe-
Huii 00HapyxeHsl B 31110 1 B HEKOHAMITMOHHBIX OTCEBAaX JOJIOMHUTOBBIX PY/I.

KiroueBble cj10Ba: MUHEpaIbHbIE yI0OPEHHS, TYKOCMECh, TOJIOMUTH3UPO-
BaHHOE KpeMHHUcTo-(pocharHoe chipb€, 3omonuiakoBbie orxonsl TOL, makpo-
AIIEMEHTBI, MUKPOJIEMEHTHI.

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

106



Volume 2, Number 451 (2022)

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 SO,

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 oft-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. The density of small fractions is 0.7-0.8 g/cm’.

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

. . The content of metals (wt.%) In the ash of coal deposits
Chemical composition :
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 Maikube 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 KCI 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 P,O..

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 oft-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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NMAMATU YYEHbIX

NAMATU
JNIENECOBA KAMBAPA
KA3SbIMOBUYA

Ee3BpeMeHHo yIIed U3 JKU3HU M3BECTHBIM YYCHBIN-3IEKTPOXUMHK,
KaHAMIAT XUMHYeCKuX Hayk, npodeccop JlemecoB Kambap KazpimoBuu.
bonbmiasg yacte €ro HayyHOW NEATENBHOCTM IIpouula B creHax MHcruryra
OpraHMYeCcKoro Karanusa u anekrpoxumuu um. /1.B. Coxonbckoro.

Kamb6ap KazsiMoBuu pomuics B 1947 r. B AkTroOuHCKoi obmactu. B 1971 r,
[0CJIe OKOHYAHUS HHXEHEPHO-(PU3UKO-XMMHUYECKOT0 (haKyinbTeTa MOCKOBCKOTO
XUMHUKO-TEXHOJIOTYecKoM uHctutyra um. .M. MeHnneneeBa, moctynuia B
acnupaHTypy WHcTuTyTa oOpraHMuYeckoro karaiausa u snexkrpoxumun AH
KazCCP mo cmenmambHOCTH «TeOpeTHYecKas 3Jekrpoxumusi». B 1975 T
3alUTII KaHAWJATCKY0 auccepranmio o teme «lccnenoBaHue KMHETUKU U
MEXaHN3Ma NOHM3alUU BUCMYTa, MEIXM U UHAMS Ha BPAIAIOIIEMCS JUCKOBOM
anektpoae ¢ koisiom». C 1974 no 1987 rr. paboran B MOKD AH Ka3zCCP
B JIOJDKHOCTHM MJIQJIIIETO, 3aT€M CTapllero HayyHoro corpyanuka. C 1987 mno
2007 r.r. — 3aBenytoutuii Jaboparopueit 3auThl MeTauIoB oT Koppo3uu MOKD
um. /[.B. Cokonbckoro (B 2001 . meperMeHoBaHa B J1a0OPaTOPHIO MPUKIATHON
ANEKTPOXUMHH U KOPPO3HH).

PesynerareinccnenoBannii K.K. JlenecoBaBo61acTH3MEKTPOXUMUN METAIIJIOB,
IIOJIyYE€HHBIE METOAOM JIHMCKOBOIO 3JIEKTPOAA C KOJIBLIOM, KJIACCUYECKOH H
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HECTallMOHAPHOU BOJIBTaMIIEPMETPHUH, IT03BOJIUIIN BBIIBUTH OCHOBHBIE 3aKOHO-
MEPHOCTH 00pa30BaHUS TPOMEKYTOUHBIX POYKTOB — MOHOB METAJJIOB HU3IIEH
BaJICHTHOCTU B Ipolleccax pas3psiia-MOHU3ALMU MOJUBAJICHTHBIX METAJJIOB U
YCTaHOBUTH MPOTEKAHUE CTAIUHHBIX SJIEKTPOAHBIX PEAKLUN C yYaCTHEM HOHOB
METaJJIOB IPOMEKYTOUHOI U HEOOBIYHOM BAJIGHTHOCTH B XMMHUECKHUX PEAKIUIX
JUCTIPONIOPIIMOHUPOBAHUS M PETTPONOPIIMOHUPOBAHUS, KOMIUIEKCOOOpa30BaHUS
B 3aBUCHMOCTH OT IPUPO/IbI METaJJIa U aHHOHOB PAacTBOPA, AKTUBHOCTHU BOJIbI B
JIEKTPOJIUTE.

WM BriepBbIe OBLIO MOKa3aHO U 00OCHOBAHO MPUMEHEHUE METO/1a TUCKOBOTO
3JIEKTPOJAa C KOJIBLIOM JUIsl MCCIIEOBaHUS KOMIUIEKCOOOpa30BaHMsI HOHOB
METaJIOB IIPOMEKYTOUHOM U BBICIIEH BaJIEHTHOCTU B PACTBOPAX.

K.K. JlenecoB sBsuICS BBICOKOKBATH(HUIIMPOBAHHBIM CIEIIUATUCTOM B
00JIaCTH MCCIICIOBAaHUA KUHETHKH U MEXaHHM3Ma JJICKTPOXUMHYECKUX U KOp-
PO3HOHHBIX MPOLECCOB METAIJIOB M Pa3pabOTKU METONOB 3allUThl OT KOp-
po3un. OH ObUT OTBETCTBEHHBIM MCIIOJIHUTENEM Hporpammsl «Pa3paborarhb
KOMIIO3UILIMOHHBIE (DeppUTHBIE AHTUKOPPO3HMOHHBIE MaTepUallbl HA OCHOBE MPO-
IYyKIIMM U BTOPUYHBIX pecypcoB mnpeanpusituii Kazaxcrana» 2003-2005 rr,
HMHHOBALIMOHHOM nIporpaMMbl « OpraHu3anus ONbITHOTO IPOU3BOJCTBA UMIIOPT-
3aMEeIAONINX CPEACTB AIEKTPOXMMHUYECKON 3alUThl CTAJbHBIX KOHCTPYKIIHIM
ot koppo3um» 2003-2005 T.r., psi1a X0310TOBOPHBIX padOT 1O KOPPO3HUH.

ITo pe3ynpraram uccieqoBaHUM pa3pabOTaHbl AHTUKOPPO3HMOHHBIE COCTABBI
JIAKOKPACOYHBIX MAaTEpUajioB C Pa3IMYHBIMU J100aBKaMH, MOBBILIAOIIME KOP-
PO3MOHHYIO CTOMKOCTb MOKPBITUH B BOJHO-COJIEBBIX U KHCIIBIX CPEAAX, KOTOPHIE
HaITM TPUMEHEHHUE TMPHU 3alIUTE BOJAOBOIOB B PA3IUYHBIX PETHOHAX.

Jlenecos K.K. — aBrop 6onee 300 HayuHbIX myOnukanuii, 1 MoHOrpaduu u 28
naTeHToB Ha n3o0perenus. Cpean ero yueHUKoB 8 kanaunaaroB Hayk ¥ 1 PhD.

[IpupoxxaeHHBIN TaJdaHT MCCIEAOBATENsl B COYETAHMM C HEHUCUEpIaeMou
TBOPUYECKOW HEPrueil 1 ryOoKo# Spyauiueii Onpeaenuin ero OoNbIIoN BKIa
B Pa3BUTHE XUMUYECKON HAYKH.

OH Bcerna ocTaHeTcsl JJi HAC TAJIAHTIIMBBIM YUYEHBIM, MYJIPbIM YUUTEIEM U
XOPOLIMM JIPYIOM.

Konnexkmus AO « Uncmumym monausa, Kamaauza u 31eKmpoxumun
um. /[.B. Coxonvckoeo» svipasicaem 2nybokoe cobonesHosanue
POOHBIM U ONUKUM.
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