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2 Clarivate
Analytics

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.

Kaszaxcman Pecnyonuxacer ¥immoix evlivim akademusicol « KP ¥F'A Xabapnapuol. 'eonozus scane
MEXHUKATILIK bLILIMOAP Cepusichbly &bliblMu dcypHanvinvly Web of Science-miy orcayananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee Kabvli0aH2anblH xXabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooaw api the Science
Citation Index Expanded, the Social Sciences Citation Index occone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici Men canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonocus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 6i30iy K02aMOACMbIK YULiH eH 63eKmi Jcate Dedenoi 2eo0eusl HCaHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0aAN0bIEbIMbI30bL DI0Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu14eckux
HayK» ObL1 npuHsam 0151 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvneuuezo npunamus sxcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgeo u 2enyoumy KoHmemwma O ucciedogameiel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuieckux
Hayk 6 Emerging Sources Citation Index oemoncmpupyem Hauty npusepiceHHOCmb K Haubonee
AKMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102UU U MEeXHUYeCKUM HAyKam OJisl Hauile2o
coobwecmaa.



Bbac pexakrop

KYPBIHOB Mypat KypbiHy/bl, XUMHs FBUIBIMIAAPBIHBIH JTOKTOpHL, mpodeccop, KP ¥FTA
akamemuri, Kazakcran PecmyOnmkacekl ¥YnTTeik FeutbiM akaneMusichiHBIH Tpe3uneHTi, AK «/1.B.
COKONBbCKHUI aThIHIAFBl OTBHIH, KaTAIN3 KOHE 3JICKTPOXUMMSI HHCTUTYTBIHBIHY 0ac AMPEKTOpPbI (AMarsl,
Kazakcran) H = 4

PenaxkunuaablK alKa:

ABCAJIBIKOB BbaxbiT Hapuk6aiiyiibl, TeXHHUKa FEUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop, KP ¥FA
JKayanTsl XaTIIBICH], A.b. BeKTypoB aThIHAAFBI XUMHUSI FHUTBIMIAPBI MHCTUTYTH (AnmaThl, Kazakctan) H=
5

I9BCAMETOB Moauaic Kyabicyabl (6ac pegakTopnablH oOpbIHOAcaphl), Te€0JIOrHs-MHUHEpaTOrus
FBUIBIMIAPBIHBIH  JOKTOPBI, mnpodeccop, KP ¥FA akamemuri, «Y.M. AxmencaduHa aTbIHIAFbI
THIPOTEOJIOTHS KOHE F€OIKOJIOTHsI HHCTUTYTBIHBIR» TUpeKTophl (AnMatsl, Kazakcran) H = 2

KOJITAEB Tepoii Koaraiiyasl (0ac pemakTopablH OpbIHOAcapbl), TI'€OJIOTHs-MHUHEPAIOTHS
FBUIBIMIAPBIHBIH 1OKTOPHI, nipodeccop, K.M. CarnaeB ThIHOAFbl Te0JI0THs FHUIBIMAAPHl HHCTUTYTHIHBIH
nupekTopsl (Amvatel, Kazakcran) H=2

CHOY Ipumen, Ph.D, xayeiMuacteipbutFad nmpodeccop, Hebpacka yauBepeurteTiHiH Cy FBUTBIMIAPEI
3epTxaHachIiHbIH qupekTops! (Hebopacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, Ttaburn tapux mypaxalbiHbIH JKep Typaisl FeUIBIMAAp OeiiMiHe
NETPOJIOTHSI KOHE Taijanbsl Kaz0amap KEeH OpbIHIApbl callaChIHIAFbl 3EepTTEYJIep/iH IKETeKIIici
(JIonnon, Aurnus) H =37

MMAH®WJIOB Muxani bopucoBu4, TeXHHKa FRUTBIMIAPBIHBIH JOKTOPBI, HaHCH yHUBEpCHTETIHIH
npodeccopsl (Haucu, ®pannus) H=15

HIEH ITun, Ph.D, KpiTali Te0I0rdsTbIK KOFAMBIHBIH Tay T€0JOTHSCH KOMUTETI JUPEKTOPBIHBIH OPBIH-
Oacapbsl, AMEpUKaH/IBIK YKOHOMHKAJBIK Te0JIorTap KaybIMIacTHIFBIHBIH MyTieci (Ilekun, Kprrait) H = 25

OUIHIEP Axcean, Ph.D, [Ipe3neH TeXHUKaIBIK YHUBEPCUTETIHIH KaybIMIACTHIPBUTFAH MPO(ECcCCopsI
(Apesnen, bepmun) H = 6

KOHTOPOBHUY Anekceii IMHIbEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIAFbl MYHal-Ta3 TEOJIOTHSICHI KOHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

ATABEKOB Buaaaumup EHoxoBuY, XUMUS FEUIBIMAAPBIHBIH TOKTOPEI, benapycs ¥FA akanemuri,
JKana maTepuaniap XuMUsICbl HHCTUTYTHIHBIH KYpMeTTi nupextopsl (Munck, benapycs) H = 13

KATAJIMH Credan, Ph.D, [Ipe3nen TeXHUKANBIK yHUBEPCUTETIHIH KaybIMIAACTBHIPbUIFAaH
npodeccopst (pesnen, bepnun) H = 20

CEUTMYPATOBA Dieonopa IOcynmoBHa, TeoorHs-MHHEPATOTHs FHUIBIMAAPBIHBIH JIOKTOPEI,
npodeccop, KP ¥FA xoppecnonment-mymreci, K.M. CarmaeB arbiHmarsl |eoflorust FHUIBIMIAPHI
WHCTUTYTHI 3€pTXaHaCBIHBIH MeHrepytrici (Anmatsl, Kazakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
Cyiran, Kazakcran) H =11

®PATTUHMH ITaouio, Ph.D, bukokk Musian yHUBEPCUTETI KaybIMIACTHIPBUIFaH Mpodeccopbl
(Munan, Uramus) H =28

«KP ¥T'A Xa0apaapsl. ['eos10rus :x9He TEXHUKAJIBIK FhLIBIMIAP CEPUICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecrryOnukachlHBIH ¥ ATTHIK FRUTBIM akageMusickl»y PKB (Anmartsr K.).
Kazakcran PecmyOmukachiHBIH AKMapar >kKoHe KOFaMIIBIK JaMy MHHHCTPIITIHIH AKmapat
xomuretiaae 29.07.2020 x. 6epinren Ne KZ39VPY 00025420 mep3imMaik 6achUTBIM TipKeyiHe KOHBLUTY
Typaibl KyaJliK. TaKbIPBINTHIK OaFBITHI: 2€0.102Usl, MYHAU JHCIHe 2a30bl OHOeYOIH XUMUSLIbIK
MEXHOA02USLNAPBL, MYHAT XUMUACHL, MEMALOAPObL ALY HCIHE OAAPObIH KOCLIHObLIAPIHBIY MEXHONOUSLCDL.
Mep3iMaiTiri: )KbUTBIHA 6 PET.
Tupaxst: 300 gana.
Penaxmmsaeie Meker-xkaier: 050010, Anmvartsr K., [lleBuenko ker., 28, 219 6eir., Ten.: 272-13-19 http://
www.geolog-technical.kz/index.php/en/

© Kazakcran PecriyOnukachbiHbiH Y JITTHIK FBUTBIM aKajaeMuschl, 2023

TunorpadustHeIH MekeH-Kaitbl: «ApyHa» XK, Anvars! k., Mypar6aes kerr., 75.
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHYECKUX HaYyK, Ipodeccop, akagemuk HAH PK,
npe3naeHT HammonansHo# akagemun Hayk PecniyOonuku KasaxcraH, renepanbhelid aupekrop AO
«MHCTUTYT TOTUMBA, KaTanu3a u anekTpoxumuu uM. J[.B. Cokxonbckoro» (Anmatsl, Kazaxcran) H = 4
PenakuumoHHass KoOJJerHs:
ABCAJIBIKOB BaxwpiT Hapuk6aeBu4, TOKTOp TEXHHYECKHUX HaAyK, Mpodeccop, OTBETCTBEHHBIH
cexperapp HAH PK, Uncturyr xumudecknx nayk um. A.b. bekrypoBa (Anmarsl, Kazaxcran) H = §
ABCAMETOB Manuc KyabicoBud, (3aMECTUTEINb TJIABHOTO PEAAKTOPA), TOKTOP TCOJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTyTa THAPOrE€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmatel, Kazaxcran) H =2
JKOJITAEB I'epoii KosaraeBu4, (3aMeCcTUTENb TVIABHOTO PEIAaKTOPa), TOKTOP T€OJIOTOMHHEPATIO-TH
YecKuX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii npodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeJoBaHU B 00JaCTH METPOJIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jloumon, Anrnms) H =
37
IMAH®NJIOB Muxani BopucoBud, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH IMMun, Ph.D, 3amectutens paupekropa Komwmrtera mo ropHoii reonmorum Kwuraiickoro
T€0JIOTHYECKOTr0 00IECTBa, YIeH AMEPHKaHCKOHM acconuanny 3koHoMuueckux reosyioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconuupoBaHHbI Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Auiekceii DMHIbeBHY, JOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonmoruu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19
ATABEKOB Buaaaumup EnokoBHM4Y, 10KTOp XuMuyeckux Hayk, akagemuk HAH Bbenapycu,
MTOYETHBIN nupekTop MHCTUTYTa XUMUK HOBBIX MaTepraioB (Munck, benapycs) H = 13
KATAJIUH Credan, Ph.D, accommnpoBanusiii mpodeccop, Texunuecknit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp Ieo0ro-MHHEpaIornieckux HayK, npodeccop,
uynen-koppecnonaeHT HAH PK, 3aBenyromas nabopatopun MuctuTyTa reojorndeckux Hayk um. K.
CarmaeBa (Anmatel, Kazaxcran) H=11
CATI'HHTAEB Kanaii, Ph.D, acconmmupoBanusiii mpodeccop, Hazapbaer yausepcurer (Hypceynran,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28

«H3Bectuss HAH PK. Cepus reoioruu u TeXHHYeCKMX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcTBenHuk: Pecrybnukanckoe odmecTBeHHOe 00benuHenue «HarmonansHast akaaeMust HayK
Pecny6nuku Kazaxcran» (T. AJIMarsl).
CBHIETENBCTBO O MOCTAHOBKE HA y4eT MEpUOAMYECKOro neyarHoro m3nanus B Komutere mudopmannu
Munucrepctsa nHGopManuu u o01iecTBeHHOTo pa3BuTHs Pecryonmku Kazaxcran Ne KZ39VPY 00025420,
BeiganHoe 29.07.2020 r.
Temaruueckasi HaIpPaBIEHHOCTb: 2€0102Us, XUMUYECKUe MeXHONo2UY nepepabomku Hedpmu u 2asa,
Hegmexumus, mexHoN0SUY U3GeHEeHUSI MEMANN08 U UX COeOeHEeHU].
IlepuonngyHOCTE: 6 pa3 B rof.
Tupax: 300 3K3eMIIIIpOB.
Anpec penakiuu: 050010, . Anmarsl, yi. llleByenko, 28, od. 219, ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© HauwnonanpHas akagemusi Hayk PecryOnuku Kaszaxcran, 2023

Anpec tunorpaguu: UIT «Apynay», . Anmartsl, yin. MypaTOaeBa,
75. 4



Editorial chief
ZHURINOY 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
Editorial board:

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of
NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5§
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

ZHOLTAEYV 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) H=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

PANFILOYV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=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

AGABEKOYV 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) H=11

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

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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© National Academy of Sciences of the Republic of Kazakhstan, 2023
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'Kazakh National Research Technical University named after K.I. Satpayev, Almaty, Kazakhstan;
2Central laboratory for certification testing of building materials—TseLSIM LLP, Almaty, Kazakhstan.
E-mail: marzhan-nurpeissova@rambler.ru

OBTAINING AGLOPORITE FROM ASH OF EKIBASTUZ COAL SELECTED FROM ASH DUMP
OF CRPP-3 OF ALMATY CITY

E.I. Kuldeyev — professor, candidate of technical sciences. Kazakh National Research Technical University named after K.I.
Satpayev, Almaty, Kazakhstan

ORCID 0000-0001-8216-679X. E-mail: kuldeev erzhan@mail.ru;

M.B. Nurpeisova — professor, doctor of technical sciences. Kazakh National Research Technical University named after K.I.
Satpayev, Almaty, Kazakhstan

ORCID https://orcid.org/0000-0002-3956-5442. E-mail: marzhan-nurpeissova@rambler.ru;

Z.A. Estemesov — Doctor of Technical Sciences, Professor. Headmaster of “Central Laboratory of Tests and Certification
Construction Materials”. 95 Ryskulov St., Almaty

ORCID https://orcid.org/0000-0001-8725-3735. E-mail: tselsim@mail.ru;

A.A.Ashimova — PhD student, master of technical sciences. Kazakh National Research Technical University named after K.I.

Satpayev. Almaty, Kazakhstan;

ORCID https://orcid.org/0000-0002-2802-5459. E-mail: ashymova.a@gmail.com;

A.B. Barvinov — Candidate of Technical Sciences. Headmaster in Certification Department of “Central Laboratory of Tests
and Certification Construction Materials”. 95 Ryskulov St., Almaty

ORCID https://orcid.org/0000-0001-5290-4296. E-mail: tselsim@mail.ru.

Abstract. Purpose of these studies is to study physical and chemical properties of ash and slag waste
from coal combustion from Ekibastuz deposit in the CRPP-3 of Almaty city, to determine possibility of obtaining
demanded building products from them. Methodology. To study phase composition and structure of ash and slag
waste, methods of X-ray phase and differential thermal and chemical analyzes were used on the latest installations
of leading countries. Results. Coal-fired power plants annually produce large volumes of ash and other by-
products of coal combustion. Although almost 50 % of fly ash is disposed of in various areas of economy, most
of the fly ash is disposed of in landfills. Ash contains hazardous leachable trace elements such as As, B, Cr, Mo,
Ni, Se, Sr and V, which have a negative impact on environment due to potential leaching from acid rain and
groundwater. Urgency and significance of this problem is intensified with fact that technogenic wastes of CRPP
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 the technogenic load on environment and ensure rational
use of secondary raw materials. Possibility of obtaining agloporite from the ash of Ekibastuz coals used by thermal
power station in Almaty has been studied. Chemical and granulometric composition of ash and slag was
determined. Performed X-ray phase and differential thermal analysis. Analysis of chemical composition of the
Ekibastuz ash gives idea of the composition of mineral substances of coal. Main constituents are oxides of silicon
and aluminum, there is also a large amount of iron oxide. Knowledge of chemical composition of ash is necessary
to decide whether it can be used to produce building materials. Obtaining demanded building materials from
technogenic raw materials is an urgent task. Results of heat treatment in gradient furnace are presented.
Conclusions are drawn about possibility of using ash and slag waste in construction industry. Thus, all studies
have shown possibility of using ash and slag waste as a secondary raw material in order to reduce anthropogenic
load on the environment. Novelty lies in practical implementation of obtaining agloporite gravel grade «600»
using as a raw material ash dumps of CRPP-3 in Almaty, which is ash of Ekibastuz coal. Study results make
possible to increase degree of complexity and environmental safety of development of technogenic waste — this
is development of industrial and innovative power of state, respect for natural resources and the environment.
Practical significance lies in fact that production of building products quickly pays off, does not require expensive
installations, tools and equipment.

Keywords: Ekibastuz coal ash, CRPP-3, aggloporite gravel, granules, soda and soda-calcium glass

© E.M. Keagees', M.B. HypneiiicoBa'", 3.A. Ecremecon?, A.A. Amumona', A.B. Bapsunos?, 2023

'K.1. CorbaeB atbinaarsl Kazax yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCHTETI, AIMATHI;
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2KyphBUIbIC MaTepHAIIAPbIH CEPTUMHUKATTHIK CHIHAYIBIH OPTAIBIK 3epTXaHackl, AnMarel, Kasakcran.
E-mail: marzhan-nurpeissova@rambler.ru

AJIMATBI KAJIACBIHBIH, 3-K30 KYJI YAITHALIEPIHEH IPIKTEJITEH EKIBACTY3
KOMIPIHIH KYJIIHEH AT'JIOITIOPUT AJIY

AnHoranusi. by 3eprreynepnin makcatel — AusiMatbl KaiachiHbIH 3-KOO EkiGacTy3 KeH OpHBIHBIH
KOMIpPIH KaFy Ke3iHIEerl KyJ MEH KOXX KaJIAbIKTapbIHBIH (PU3UKA-XUMUSUIBIK KAaCHETTEPIH 3epTTey, OojapiaH
CYpPaHBICKA W€ KYPBUIBIC OHIMACPIH ally MYMKIHIITIH aHBIKTay. Odicmeme. Ky xoHe NMUIaK KaIABIKTAPBIHBIH
(hazanplk KypaMbl MEH KYPBUIBIMBIH 3€pPTTEY YIINIH JKETEKII IUipMEHACPAIH COHFBl KOHIBIPFHUIAPBIH/IA
peHTreHmiKk (asza xoHe AUPPEPESHIUANIB TEPMHUIIBIK JKOHE XUMISUIBIK Talnay oAicTepi KOJIIaHBULIBL.
Homuoicenep. KeMipMeH XKYMBIC ICTEHTIH DJICKTP CTAHITUSITAPHI KBUT CAWBIH YIIKEH KOJIeMIE KYJII KOHEe KoMip/Ii
JXKaryablH 0acka kaHama eHiMJepiH mbirapaabl. Kymaig 50 %-Fa 5KybIFbl 5KOHOMUKAHBIH OPTYPJIi callajiapblH/Ia
YKOWBUTFaHBIMEH, KYJJIIH Kem OeJiri monuronaapra tacranaael. Kynnin kypameiaga As, B, Cr, Mo, Ni, Se, Sr
oHe V CHSKTHI KBIIIKBUIABI KaHOBIpIAp MEH JKep acThl CYJapbIHBIH BIKTHMAJ IIaiiMajaHyblHa OaiIaHBICTHI
KOpIIIaFaH OpTaFa Kepi 9CepiH THUTI3ETiH KAyilTi epiTKII MUKPOAJIEMEHTTEp Oap. byl MoceneHiH 03eKTUIr MeH
MaHbB3ABUIBIFEI JKOO-HBIH TEXHOTCHIIK KaJABIKTAPBIHBIH JKETKUTIKTI TYpHIE ©HICIMEreHIITIMEH, Ka3ipri Ky
KaJIABIKTapPBIHBIH JKWHANGII, JKep MaliganaHyJaH ajblll JKaTKaH KeH ayMaKTapAbl ajblll JKaTKaHBIMEH KyIeiie
tyceni. Kyn yHiHIiIepiH komere xkapary KopIiaraH opTara TEXHOTEHIIK KYKTEMEHI a3aiTyra jKoHe KalTajgama
IIUKI3aTThl YTHIMIBI MAHIaTaHyabl KAMTaMachl3 eTyre MyMKiHAiK Oepeni. Anmateiaarsl XKOC maiinanaHaTeiH
ExibacTy3 keMmipiHiH KyJiHEH arjiomopuT alxy MYMKIHZIr 3epTrenai. Kymn MeH NUTaKThIH XUMISUIBIK JKOHE
TPaHyJOMETPHSUIBIK KypaMbl aHBIKTANABL. PeHTreHmik ¢a3ansl xkoHe MU GEepeHIIHaNIb TEPMUSIBIK, TaJIAay Ibl
opbiHAABI. Exi0acTy3 KymiHIH XUMUSUTBIK KYPaMBIH TaAay KOMIipiH MUHEPAJIBI 3aTTAPBIHBIH KYPaMbl TYPajIbl
TyciHik Oepeni. Heri3ri kypamaac OeikTep KpeMHUI KoHE alTFOMUHUN OKCUATEP1 OOJIBIN TaOBUIAIbI, COHBIMEH
KaTap TeMip OKCHAiHIH Kemn Memmiepi 0ap. KynmiH XUMHSIIBIK KypaMbIH OiTy OHBI KYPBUIBIC MaTepHUalgapbIiH
OHIIpyTe KOJIIaHyFa OOJATHIHBIH MIENTy VIIiH KakeT. TEeXHOTCHIIK IMHMKI3aTTaH CYPAHBICKA HE KYPBUIBIC
MaTepHaIapblH aly — KE3eK KYTTIPMEWUTIH Mocene. [ pagueHTTi memTe TEpMUSIIBIK OHJICY HOTHXKENepi
Oepinren. KypbulbIc WHAYCTPUACHIHAA KYJI MEH KOX KaIABIKTAphIH TailalaHy MYMKIHAIT Typajbl
KOPBITBIHABIIAP Jkacanmanpl. Ochuraiiina, OapiibIK 3epTTEYJiep KOpIIaraH opTara aHTPOIIOTCHIIK J>KYKTEMEHi
azaiiTy MakcaTblHOa Ky MEH KOX KaJABIKTapblH €KiHIII PEeTTIK IIMKi3aT peTiHAe MaijanaHy MYMKiHAITIH
kepceTTi. JKananvizvl. ExibacTy3 keMipiHiH Kymi Oojbin TaObutaThiH AsiMaThl KanackiHaarbl 3-)KOO kyn
YHIHIUIEpIH IIUKi3aT pEeTIiHAE mMaimamaHa OTHIPHIT, «600» Mapkajibl arjomOpHUT KHBIPIIBIK TACThI aTyIIbI
TOXIpuOEIe Ky3ere acelpyna. 3epTTey HOTHKENIepl TEXHOTCHIIK KAIIBIKTAPAbl UTePYIiH KYPACTUTIK Jopexeci
MEH KOJIOTHSUIIBIK KayilCi3AiriH apTThIpyFa MYMKIHIIK Oepeni — OyJ1 TaOuFH pecypcTap MEH KOpIlIaFraH opTara
KYpPMETIIEH Kapay MEeMJICKEeTIHIH WHIyCTPHAIABI-HHHOBAIMSUIBIK KyaThlH JaMbITy OOJBIT  TaOBLIabl.
Taoicipubenix Manvl30bLIbiebl KYPHUIBIC OYUBIMIAPBIH OHIIPY Te3 aKTadyblHAa, KbIMOAT KOHIBIPFHUIAPIEI,
KypaJiap MEeH ®a0/IbIKTap/ibl KAXKET STIeUTIHAITIHAC.

Tyiiin ce3nep: ExiGacty3 keMipiniH kyimi, JKOO-3, arnonopuTTik KUBIPIIBIK Tac, TYHipLIIKTep, HATPUH )KoHE
HaTpUM-KaJIbIIUN HIBIHBICHI.
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AnHoTtanus. llenpl0 MaHHBIX HCCICAOBAHUN SBISCTCS M3YYCHHE (PUIUKO-XUMHUCCKHUX CBOMCTB
30JI0IIJIAKOBEIX OTXOJIOB OT CXKHUTaHMS YIIsl DKubacTy3ckoro mecropoxacHus B TOII-3 ropoma Anmartsl, Ajis
OIpenesieHHsT BO3MOXKHOCTH TOJYYEHHUS W3 HHUX BOCTPEOOBAaHHBIX CTPOMTEIBHBIX M3ICIUH, a TaKkKe I
CHIDKEHHUSI aHTPOIIOT€HHOW Harpy3KH Ha OKPYXXaIoIlyio cpeny. Memoouxa. Jlns m3ydeHns (pa3oBOro coctaBa u
CTPYKTYPBI 30JI0IDIAKOBBIX OTXOJIOB UCIOJIL30BAHBI METOIBI PEHTTeHO(a30BOT0 U i hepeHIHATLHO-TEPMITIECKOTO
1 XMMHYECKOTO aHAJIM30B HA HOBEHINIMX YCTAHOBKAaX BEAYIUMX CTaH. Pe3ynomamsl. YTOJIBHBIE IEKTPOCTAHINH
€KEroHO MPOU3BOIAT OOJbIINE 00BEMBI 30J1bI M APYTUX MOOOYHBIX MPOAYKTOB CrOpaHus yris. XoTs nodtu 50
% TeTydeil 307bl YTHIIM3HPYETCS B Pa3UYHBIX OOJACTSIX XO3siiCTBa, OOJNBINAas YacTh 30JIbHOTO MaTepuaia
pacroyiokeHa Ha MOJIUTrOHaX. 30J1a COIEPXKUT OMACHBIC BBIIEIaYMBaeMbIe MUKPOAJIEMEHTHI, Takue kak As, B, Cr,
Mo, Ni, Se, Sr m V, KOTOpble OKa3bIBAIOT OTPHIATEIIBHOE BIIMSHUE Ha OKPYKAIOMIYI0 Cpery H3-3a
MMOTEHIINAIBHOTO BHIIIETAYNBAHMUS KHCIOTHBIMH IO IIMU U TPYHTOBBIMH BOJIaMU. AKTyalIbHOCTb ¥ 3HAYMMOCTb
JAHHOW TIpOOJIEMBl YCHIIMBAIOTCS C (DAKTOM TPU3HAHUS, YTO TEXHOTeHHbIe oTXoabl TOIl HemocTaToYHO
repepabaThIBAIOTCS, TEKYIIIUE OTXO/bI 30J1bl HAKAIUTUBAIOTCS ¥ 3aHUMAIOT OIPOMHEIC IIIOMIAIN, YTO BRIBOJUT UX
W3 3eMJICTIONB30BAHUA. Y THIIH3AIHS 30JI00TBAJIOB TO3BOJISET CHU3UTH TEXHOT€HHYIO HAarpy3Ky Ha OKPYKaIOIIyIO
cpeay M O0ecTeuuTh palMoOHAIBHOE HCIOIB30BAaHHE BTOPUYHOTO CHIPHs. M3ydeHa BO3MOXHOCTH TOITYYECHHUS
arJonopuTa M3 3076l DKHOAcTy3CKHX yriied, ncnonb3yembix TOL| r.Anmatel. OnpenencH XUMUYECKUH H
IpaHyJIOMETPHYECKHI COCTAB 30JI0ILIAKOB. BhInonHeH peHTreHo¢a3oBblil u auddepeHnnanbHO-TepMUIecKuit
aHaM3. AHaAN3 XMMHUYECKOTO COCTaBa DKHOACTY3CKOM 3076 JaeT MPEACTABICHHE O COCTaBe MHHEPAIbHBIX
BEILECTB yrisl. [ TaBHBIMU COCTABJISIONIUMU SIBISIIOTCS OKCHABI KPEMHHUS U alIOMHHMUSI, TAKXKE IMPUCYTCTBYET
OoNbIIOE KOJNMYECTBO OKCHIA >Kelle3a. 3HaHUE XMMHUYECKOTO COCTaB 30JbI HEOOXOAMMO ISl PEICHHUs O
BO3MOKHOCTH WCTIOJIb30BaHUS €€ ISl TIOJMYYeHHS CTPOUTENBbHBIX MarepuaioB. [lomydenne BocTpeOOBaHHBIX
CTPOHUTENHHBIX MaTePHAJIOB M3 TEXHOTEHHOTO CHIPbA SBIISETCS aKTyIbHOU 3amaded. [IpencraBiens! pe3ynbTaTsl
TepMoOoOpabOTKH B rpaAueHTHOH meun. ChenaHbl BBIBOJBI O BO3MOXKHOCTH HCIIONB30BAHWUU 30JIOMIIAKOBBIX
OTXO/I0OB B CTPOMTEIHHON MPOMBINUIEHHOCTH. TakuM 00pa3oM, Bce MPOBEICHHBIE HCCIEJOBaHUs IMOKa3aiH
BO3MOXKHOCTh HCIIOJIb30BaHUS 30JIOMUIAKOBBIX OTXOJOB B KayeCTBE BTOPHUYHOTO CHIPHS C IENBI0 CHUKEHHS
AHTPOIIOT€HHON HAarpy3Kd Ha OKpYKaIoILylo cpeldy. Hosuzna 3axioyaeTcss B NPAKTUYECKOW peanu3aluu
MOJIyYCHUSI arJIoNOPUTOBOTO rpaBus Mapku «600» ¢ UCIONb30BAaHUEM B KA4E€CTBE ChIPhS 30100TBaoB TOLI-3 T.
AJMaTbl, TpeACTaBISIONIIX cO00# 30Ty 9KHOaCTy3CKOTO YyTiisl. Pe3ynbTaThl Hcce10BaHUH TO3BOISIFOT TOBBICUTD
CTETIeHb KOMIIEKCHOCTH ¥ 3KOJIOTHYECKOH 0e301MacHOCTH OCBOEHUS TEXHOT€HHBIX OTXOJIOB — 3TO €CTh Pa3BUTHE
WHAYCTPUATIbHO-MHHOBAIIMOHHOM MOIIIM  TOCyJapcTBa OEpeXHOTO OTHOMICHUS K MPUPOAHBIM pecypcaMm H
OKpyXaromiei cpexne. [lpakmuueckas 3Hauumocms 3aKIIOYAETCS B TOM, YTO MPOM3BOJCTBO CTPOUTENBHBIX
n3MIenuid OBICTPO OKyMaeTcsl, He TpeOyeT JOPOrOCTOAIINX YCTAHOBOK, MHCTPYMEHTOB U 00OPY/TOBAHMS.

KaroueBble cioBa: 301ma skudactysckoro yrist, TOL-3, arnonopuToBsIi rpaBuii, rpaHyJsibl, HATPUEBOE U
HaTPHUEBO-KAJIBIIUEBOE CTEKIIO

Introduction

Both hard coal of the Ekibastuz deposit and its ash are to some extent unique among the hard coals of
other CIS deposits. In particular, this coal, which belongs to hard gas fat low - caking coal (Kudusov, 2019: 31),
has very high ash content, averaging 42 %. That is, amount of rocks and minerals of internal overburden (i.e.,
mineral non-coal interlayers in coal) is very significant.

Another distinctive feature of this coal is fact that its ash is very refractory. According to the source,
temperature of deformation beginning of this ash is 1175°C, beginning of softening — 1300°C, beginning of
liquid-melting state — 1460°C. In other words, even simple sintering of ash, not to mention formation of glass
during melting, occurs at significant temperatures — above 1300°C.

It is precisely due to this low- caking ability of this ash at temperatures used in CRPP furnaces (about
1100-1200°C, Ekibastuz ash is the singular among other hard coals ash which removed into ashes from TPP
furnaces with dry, rather than a hydraulic method. It just does not create slag at the above temperatures, that is, it
does not melt into the glass. Moreover, it does not even sinter into more or less dense units, but easily pour out
through furnaces grates.

This behavior of Ekibastuz ash, which is unusual for coal ashes, is explained by initial mineralogical
composition of internal overburden - that is, impurities in coal, amount of which is 42 % on average. According
to the source (Petrographic, 2020), these mineral impurities are quantitatively presented, in %: kaolinite — 54,
quartz — 28, siderite — 10, calcite — 5, gypsum — 2 and magnesite - 1. This implies that refractory minerals such as
kaolin (which has a melting point of 1770° C) and quartz (which has melting point of 1713—-1728°C). They are
responsible for low-caking and high melting point of Ekibastuz coal ash, and very low content of low-melting
minerals, such as siderite, calcite, gypsum and magnesite, only partially reduce overall sintering and melting
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temperature of this ash. It is this mineralogical composition of coal impurities that makes ash of Ekibastuz coals
unique in their refractoriness.

In addition, as noted by a number of researchers, in particular (Panteleev et al., 1978: 295), this ash is
acidic, and not highly basic, which greatly limits its use unchanged as active mineral additive to Portland cements,
since it initially does not have any noticeable hydraulic activity. In addition it contains a certain amount of
unburned carbon (coal, semi-coke), content of which for concrete is severely limited by requirements of GOSTs.

Therefore, search for other ways to use Ekibastuz ash, apart from its use as active mineral additive to
cements, is a rather urgent task in national economy. We see one of these ways - attempt to obtain from Ekibastuz
ash a light artificial aggregate for lightweight concrete — agloporite (Potapov et al., 2016: 14).

Materials and methods

1. Initial tasks of this work were:

1) determination of caking capacity of Ekibastuz ash without additives at a temperature of 1310°C
(maximum temperature created by the SNOL 6,7-1300 muffle furnace);

2) determination of phase mineral composition of initial ash using X-ray phase analysis using X-ray
diffractometer DRON-3;

3) determination of amount of unburned carbon (coal) in the Ekibastuz ash from CRPP-3 through p.p.p.
(weight loss on ignition), determined according to clause 5.21 of GOST 21216-2014. According to this GOST, 1
gram weight of ash was kept in muffle for 1 hour at a temperature of 1000°C.

2. Main goal of this work was to obtain by baking of Ekibastuz ash from CRPP-3 with various additives
— aggloporite gravel with average density below 1,0 g/cm?. That is, such a density that agloporite granules float
in water, and also that they fully meet requirements of following regulatory documents: GOST 11991-83
«Agloporite crushed stone and sand. Specifications» and GOST 9757-90 «Porous artificial gravel, crushed stone
and sand. Specificationsy.

For firing, muffle furnace SNOL 6,7—1300 with a maximum temperature of 1310°C was used.

In this work, to reduce caking and melting temperatures of Ekibastuz ash, we were guided by formulas of
charge of ordinary window glass, which is known to be made on the basis of quartz sand (Kuldeev et al., 2022: 9;
Bek etal., 2022: 9).

For this, two formulations of glass mixtures were chosen as analogues:

1) two-component, in which soda with a small amount of Na,S0, is added to quartz sand;

2) three-component, in which, in addition to soda and Na,S0,, calcium component was also added -
calcite CaCO3 (Na-Ca silicate glass).

Thus, two formulations of aluminosilicate glasses were manufactured and tested: Na-aluminosilicate and
Na-Ca-aluminosilicate glass. These glasses are aluminosilicate, and not silicate, as is case for ordinary building
glass, in our opinion, these glasses should be called based on quantitative composition of Ekibastuz ash, in which
aluminosilicates quantitatively prevail: sillimanite and mullite, and quartz has a subordinate value. Formulations
of tested aluminosilicate glasses are presented below:

1) Na-glass: 2) Na-Ca-glass:

1. ash — 93,89 %; 1. ash— 85,58 %;
2.soda— 5,63 %; 2.soda— 11,02 %;

3. Na,50,-0,5%. 3. Na,S0,—0,55%;

4. Ca,C053—2,77 %.

Recipes were first tested in the form of bulk charge in crucibles at various temperatures from 1200 to
1310°C and various exposures. As a result, exposure for half an hour at a temperature of 1280°C was recognized
as the most optimal, which was later used to prepare granules of both types of glass. Temperature rise in the muffle
was 10 degrees per minute (Bek et al., 2022: 7)

Main characteristics of glasses were determined according to GOST 9758-2012 «Porous inorganic fillers
for construction works. Test methods», and evaluated them according to requirements of GOST 11991-83
«Agloporite crushed stone and sand. Specifications», GOST 9757-90 «Artificial porous gravel, crushed stone and
sand. Specificationsy.

In conclusion, X-ray diffraction patterns of two types of obtained aluminosilicate glasses with aim of
studying phase composition on a DRON-3 X-ray diffractometer were obtained

Results and discussions

As a result of initial research, following was found:

1. Amount of unburned carbon in the ash of CRPP according to results of p.p.p determining by of GOST
21216-2014 was 16,16 %. From which it follows that average amount of unburned coal in Ekibastuz ash of CRPP-
3 can be about 15-17%.

2. On the X-ray diffractometer DRON-3, an X-ray diffraction pattern of the CRPP-3 ash was obtained,
which is shown in Figure 1.
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Fig.1.- Radiograph of ash from CRPP-3.

As a result of interpretation of this X-ray diffraction pattern, following minerals were identified in the
following amounts, in % of crystalline phase: hematite Fe,03; — 12,1 %, quartz Si0O, — 32,4 %, sillimanite
Al,Si05 - 25,9 %, mullite Al 95Si; o5 Og 52 — 29,6 %.

As can be seen from the above numerical values, secondary minerals formed in Ekibastuz ash during
combustion coal at CRPP are in good agreement quantitatively with source data (Petrographic, 2020), on the
amount of primary minerals-impurities in Ekibastuz coal.

So, lion's share (25,9 + 29,6 = 55.5 %) is formed by tminerals sillimanite and mullite,

3. CRPP-3 ash during keeping in muffle furnace at a temperature of 1310°C for 1 hour, showed very weak
caking, slight thermal shrinkage and complete absence of at least a slight local melting. In general, material turned
out to be rather fragile and loose, relatively easily destroyed under pressure (Aitkazinova et al., 2020: 8).

This result is in good agreement with earlier source data (Kudusov, 2019: 31), in which starting
temperature of caking for Ekibastuz ash was determined as 1300°C.

Consequently, we concluded that without addition of alkali or alkaline earth elements to this ash, which
reduce caking and melting temperatures, agloporite cannot be obtained at a maximum temperature of 1310°C.

Granules photographs obtained from Na-glass are shown in fig. 2, and from Na-Ca-glass - in Fig.3. As
can be seen from figures, Na-glass granules are light gray in color, while Na-Ca-glass granules are a dirty greenish
color.

Fig. 2- Granules of Na-glass agloporite. Fig. 3- Granules of agloporite from Na-Ca-glass.

Figure 4 shows that the vast majority of granules from both Na-glass (Fig. 4a) and Na-
Ca-glasses (Fig. 4b) have density lower than that of water and float on its surface.

In the photographs white grains of sand are visible on some granules of both soda and soda-lime glass.
These are grains of quartz sand with a fraction of less than 0,5 mm, which were sprinkled on the hearth substrate
in muffle furnace in order to limit the «sticking» (cooking) of glass granules to the hearth substrate (Estemesov
etal., 2020: 9; Bek et al, 2022: 7).
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Fig. 4 - Granules of agloporite from Na-glass (Fig. 4, a) and from Na-Ca-glass (Fig. 4, b) float on the surface of water.

Further, main physical and mechanical characteristics of obtained glasses of two types agloporite were
determined, which are given in the table.

Table - Main physical and mechanical characteristics of glasses of two types of agloporite.

Ne | Physical and mechanical characteristics, unit of measurement Na-glass Na-Ca-glass

1. | Average Gravel Density, g/sm’ 0,95 0,98

2. | Bulk density of gravel, kg/m? 505,47 514,92

3. Brand according to bulk density of gravel 600 600

4. Cylinder crushing strength, MPa 2,99 1,39

5. Strength brand of gravel (by GOST 9757-90) 11250 11100

6. Weight loss in determination of resistance against silicate decay, % 0 0,07

7. Porosity, % 62,0 60,8

8. True density g/sm? 2,5 2,5
Radiographic analysis

On a DRON-3 X-ray diffractometer, X-ray diffraction patterns of two obtained glasses were obtained,
shown in Figures 5a and 5b.
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When comparing the X-ray patterns of Na and Na-Ca glasses with each other (Fig. a and b), it is clear
that in Na-Ca-glass primary quartz has disappeared completely (only incompletely melted mullite remains), while
in Na-glass, although its amount has decreased significantly, all quartz has not completely passed into glass.

This factor that can explain high temperature viscosity of Na-glass compared to Na-Ca-glass.

Conclusion

1. From ash of Ekibastuz coal, specifically, ash of CRPP-3, aggloporite gravel of grade 600 in terms of
bulk density and grades P100 and P250 in terms of compressive strength in the cylinder can be obtained, which
meets requirements of GOST 9757-90.

2. Results of conducted studies showed possibility of using ash and slag waste as secondary raw material
to reduce anthropogenic load on the environment.

Studies were carried out within the framework of grant funding from Ministry of Science and 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 materialsy.
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