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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 ¥immuix eviivim akademusicol « KP ¥F'A Xabapnapuwi. 'eonozus scane
MEXHUKATILIK RbLILIMOAP Cepusichbly &bliblMu dHcypHanvinvly Web of Science-miy orcanananzan
nycxacvl Emerging Sources Citation Index-me unoexcmenyee KabObli0aH2anblH Xabapiatiowl.
Byn unoexcmeny 6apvicvinoa Clarivate Analytics komnanuscol sHcypHanowvl ooau api the Science
Citation Index Expanded, the Social Sciences Citation Index owcone the Arts & Humanities
Citation Index-xe Kabwi10ay macenecin Kapacmwipyoa. Webof Science 3epmmeywinep,
aemopnap, 6acnawsliap Men mekemenepee KOHmeHm mepeHoici MeHn canacvld ycviHaovl. KP
¥I'A Xabapnapul. I'eonoeus sxcane mexHukaivlk ulavimoap cepuscel Emerging Sources Citation
Index-ke enyi 06i30iy K02aMOACMbIK YWLiH eH 63eKmi JcaHe Dedenoi 2e0102Usl HCIHe MEXHUKANbIK
EbLILIMOAP OOUBIHUA KOHMEHMKE A0AN0bIEbIMbI30bL DI10Ipeo.

HAH PK coobwaem, umo nayunwiii scypran « Mzeecmusi HAH PK. Cepusi ceonoeuu u mexHu4eckux
Hayk» Obi1 npuHsam 015 unoexcuposarus 6 Emerging Sources Citation Index, o6noénennoti epcuu
Web of Science. CoOepacanue 8 5mom uHOEKCUPOBAHUU HAXOOUMCS 8 CIAOUU PACCMOMPEHUS
komnanueu Clarivate Analytics ona danvuetwezo npunamus xcypuana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem kavecmgo u 2nyouny KoHmewma O ucciedogamenel, asmopos,
uzoameneu u yupescoenuu. Bxnouenue Mzeecmus HAH PK. Cepus ceonocuu u mexHuueckux
Hayk 6 Emerging Sources Citation Index demoncmpupyem nauty npusepiceHHocms K Haubonee
AKmMyanbHOMY U GIUAMENbHOMY KOHMEHmMY N0 2€0102Ul U MEeXHUYeCKUM HAyKam OJisl Hauie2o
coobuecmaa.



Bbac pexakrop
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(JIonnon, Aurnus) H =37
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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 IMHILEBHY, TEOJOTHA-MUHEPAJOTHA FHUIBIMIAPBIHBIH JIOKTOPHI,
npopeccop, PFA akagemuri, A.A. Tpodumyka aTbIHIaFbl MYHal-Ta3 TEOJIOTHSICHI KoHE Teopu3nKa
nHctuTyThl (HoBOoCcHOUpck, Peceit) H = 19

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

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

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

CAFBIHTAEB Kanaii, Ph.D, kaysimaacteipsuiran npodeccop, Hazapoaes ynusepcureri (Hyp-
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I'naBHBIM pexakTop
KYPUHOB Mypar KypuHoBu4, T0OKTOp XUMHUECKUX 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 T'€OJOTOMHUHE pa
JO-TUYECKUX Hayk, mpogeccop, akaaemuk HAH PK, npupekrop HWHCTUTYTa THAPOre€ONOTHH H
reodkosioruu uM. Y.M. Axmencaduna (Anmartel, Kazaxcran) H =2
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YecKHX Hayk, mpodeccop, mupektop MuctuTyTa Teonormdeckux Hayk uMm. K.M. CarmaeBa (AmmaTsl,
Kazaxcran) H=2
CHOY [Ipumen, Ph.D, acconumpoBanHblii mpodeccop, aupekrop Jlaboparopuu BOAHBIX HayK
yauBep-cutera Hebpacku (mrat HeOpacka, CLLIA) H = 32
3EJIBTMAH Peiimap, Ph.D, pykoBoauTenb ucciaeoBaHU B 00JacTH METPOIOTUH U MECTOPOXKICHUN
TMOJIE3HBIX MCKomaeMbix B Otaene Hayk o 3emiie Myses ecrectBeHHor ucropuu (Jlonmon, Anrnus) H =
37
IMAH®NJIOB Muxani BopucoBuy, 10KTOp TEXHUIECKUX HAYK, Ipodeccop YauBepcurera Hancu
(Hancu, ®pannnsg) H=15
IIEH [un, Ph.D, 3amectutens paumpekropa Komwmrtera mo ropHoit reonmorum Kwuraiickoro
r€0JIOTHYECKOTr0 00ILECTBa, YeH AMEPHKaHCKOHN acconuanny 3koHomuueckux reosioroB (Ileknn, Kurait)
H=25
OUIIEP Axcean, acconmupoBaHHbi Tpodeccop, Ph.D, TexHmuecknii ynmBepcuteT JlpesmeH
(Upe3nen, bepana) H=6
KOHTOPOBHUY Ausekceii DMHIbeBHY, JIOKTOP I'€OJIOr0O-MHHEPAIOTHYECKUX HayK, mpodeccop,
akagemMuk PAH, Muctutyt HedterazoBoil reonorun 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, accommmnpoBanusiii mpodeccop, Texundeckuit yauepcuteT (IpesneH,
bepnun) H =20
CEHUTMYPATOBA Daeonopa FOcynoBHa, 10KTOp reo0ro-MHHEpaIornieckux HaykK, Ipodeccop,
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 (Hypceynras,
Kazaxcran) H= 11
®PATTUHMU IMaouo, Ph.D, accormnpoBanuslii mpodeccop, Munanckuii yauBepcureT BUKOKk
(Munan, Utanus) H = 28
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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;
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MAIN CHARACTERISTICS OF FLY ASH FROM EKIBASTUZ SRPP-2

Nurpeisova Varzyan Baisanovna — Doctor of Technical Sciences, professor Satbayev University

Yestemesov Zatkali Airanbaevich — Doctor of Technical Sciences, Professor, Headmaster of
“Central Laboratory of Tests and Certification Construction Materials”, Almaty

Bek Aiman Askarkyzy — Lecturer, Department of Building Materials, Satbayev University

Kim Vyacheslav Sergeevich — senior researcher, deputy director of plant No. 1 for the production
of reinforced concrete products, Almaty, Kazakhstan

Syndarbekova Gulim Kasymbekkyzy — senior researcher, engineer of plant No. 1 for the
production of reinforced concrete products, Almaty, Kazakhstan

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

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
1I/A-3, CEM 1I/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 m? /kg, true density — 21 g/cm?, bulk density — ~780
kg/m 3, specific effective activity of radionuclides — 72 Bg/kg. Chemical composition is represented mainly
by SiO2 (56.7 %) and Al,Os (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

© ML.B. Hypneiiicoa', 3.A. Ecremecon?, A.A. bek!, B.C. Kum®, I' K. Coinnap6exona’, 2023

'K.W. CorGaeB atbiniarsl Kazak yITTBIK 3epTTey TeXHUKaNBIK yauBepcuteti (Kas¥T3V), Anmarel,
Kazakcras;
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2KypbUIbIC MaTepUAIIAPhIH CEPTU(GUKALIUSIAN ChIHAYIBIH OpTanblK 3eprxanacsl (I{enCUM) Anmarsl,
Kazakcran;
3Temip-0eToH OyibIMIapsIH mibiFapaThid Nel 3aysiT — «Keric» Asnmarel, Kasakcran.

EKIBACTY3bIH 2-T'POC-HEH AJIBIHFAH ¥YIIIY KYJITHIH HET'I3I'I CUITATTAMACHBHI

AHHoTanus. by )XyMbICTBIH Makcambl — KazakcTaHIarbl €H KyaTThl )KBUTY SJIEKTP CTaHIIUACHI
0ol TadbutaThiH ExiGacty3 'POC-2 kymiHIH Ty3UI1yi MEH *KHHAKTaIybl OOHBIHINA (PU3HUKA-XHAMUSIIBIK
cunartamanapsiH 3eprrey. byn [IEM 1I/A-3, [IEM II/B-3, IEM V/A xone LIEM V/B any ke3iHjie OHbI
YTBIM/IBI J)KOHE THIM/II Al aaHyra MyMKIHIIK Oepei. Odicmeme. X UMUSIIBIK KoHE (ha3aiiblK KYpaMmIap bl
aHpIkTay yiriH PDA sxone POCA, an ¢u3uMKanbK KacHEeTTepAi aHBIKTAYy YIIIH CTaHZAPTTHI JIICTEP
KOJIaHBUIABL. Homuoicenep. 3epTTenreH yiry Ky OelceHi MaTepHual eMec,0ipak OHbI MOPTIAHIEMEHT
KOCTaJIaphbl PETiH/Ie KOJJIaHy YIIIiH, 0acka OeJICeH/ Il eMec MaTepuaiiap bl ajbIll TACTall, OHBIH THIMIITITiH
apTTBIpBIT  OeniceHmipy ycuHBUIambl. Ekibactys [POC-2  xymi  keneci  (PU3HKAIBIK-XHUMISUIBIK
cumnaTTaMajapra ue: MeHIIKTI 0eTi — 290 M2/Kr, HaKThI THIFBI3ABIFSI — 2,1 T/CM3, YHiH/I1 THIFBI3ABIFHI - ~780
KI/M3, paguoHyKIHATEPAIH MEHIIIKTI THIMA1 OesceHainiri — 72 Bk/kr. XuMHsIIbIK KypaMbl Heri3iHeH Si02
(56,7 %) xone AI203 (28,6 %), dazansik Kypamsl — MymutuT (38 %), kBapit (32 %), cumummmanut (12 %),
rematut (5 %), memEbl (azacer (10 %) xone sxanOaraH kemipteri (3 %); Herisri momyms 0,02, an
oencenpinik Moxym 0,5 Typansl. JKorapeiga adTeuFangapaa Oyl Ky €Te KIIIKBUT OONBIN TaObIIaIbl,
OHBIH Kypampac OemnikTepiHiH imriHge Tek mbiHbI (azacer (10 %) OemceHniniri >korapbUiaybl MYMKIH,
KpEeMHHH TUOKCHIIHIH TaFbl Oip 6emiri (26 %) peakTUBTITIKKE He.

Benmekrepain Memnmiepi OolbIHIIA Tapally HOTHXKEIEPl MbIHAHBI KOPCETTI:

—KaHOaraH KeMipTeK Heri3iHeH ipi ppakuusaaapAbH KypaMbIH/Ia HIOFbIPIaHFaH, all IIBIHBI (a3ackl
HETI31HEeH ycaK OeJIeKTepaiH KaTapblHa JKaTalbl;

—MYJITUT, CAIDTUMAHUT JKOHE KBapIl OeIeKTepi ¢ppakiusiapra maMaMer Oipaei Oerminemi

Byn moceneHiH e3eKkTiiiri MeH MaHbI3ABUIBEFB JKOO-HBIH TEXHOTEH/IK KAIIBIKTAPhl KETKLTIKTI
TYpAe OHIEIMENTIHIH, KYJAIH aFbIMIarbl KaJABIKTaphl JKUHAJBI, OpacaH 30p ayMakKTapIbl ajIbIIl
JKATKaHbIH MOWBIHIAY (akTiciMeH Kylueie Tyceni, Oy oiapjabl kep MaijanaHyjqaH mbiFapansl. Kyn
YHIHIUIEpiH Kozere jkapaTy KOpILaFaH opTara TEXHOTeHIIK JKYKTeMEHl a3aiiTyra >koHe KaiTaigama
HIMKI3aTThl YTHIMABI Maliianany bl KAMTaMachl3 €Tyre MyYMKIHAIK Oepeni. £ ouibimu orcayansik. AnFam per
Exibacty3 'POC-2 ymy kyniHiH a3 OelceHALIiriHig cebenTtepi KOpCeTili, THIMIUIIKTI apTThIpy YIIiH
KOCIlayap peTiHIe OHBI IIEMEHTIIEH Oipre YHTaKTay KEpeKTiri JXKoHe Ji¢ IMEeMEHTTI KYJI-KOKBICIICH
yHTaKTamMac OYpBIH, OJ JWiPMEH-BIABIPATKBIIITA KY3€Te AachIpbUIafbl. [IpaKmuxanelk Manbl3bl.
TexHOTeHAIK MaTepuangapAbl Kaiita eHJCYAiH KaJIbIKChI3 TEXHOJOTHSCHl KYPBUIyAa, HNEMEHTTEpIiH
OCJICEHILIIT] apTaIbl.

Tyiiin ce3mep: YIy-KyJi; XUMUSIIBIK XoHE (Da3alblK Kypamaap, MYJUIUT, CHILTUMAaHHT, KBapil,
LIBIHBI (a3ackl, )kaHOaraH KeMipTeK, OeeKkTep MeH (pakuusiap, GU3NKa-XUMHUSIIBIK KacHeTTepi
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Crinpapoexosa I'yiium KacbiMOeKKBI3bI — c.H.C., HEKeHep 3B01a Nel 110 TIPOM3BOJCTBY *KeNe300€TOHHBIX U3EIHI,
Anmatel, Kazaxcran
https://orcid.org/0000-0001-5290-4296. E-mail: tselsim@mail.ru.

AuHoTtauus. [lenvio paHHOW pabOTBI  ABISETCS  HMCCIIENOBaHWE  (U3UKO-XUMHUYECKUX
XapaKTepUCTUK 30Jbl-yHOca Okubacty3ckoir [POC-2, sBusromieiics Hambonee MOIIHONW —TeIUIO-
sHepreTuyeckoi cranuueil B Kazaxcrane, mo ee o0pa3oBaHMIO U HAKOIUIEHHIO. DTO JAcT BO3MOXKHOCTh
Oonee parroHabHO M 3((EKTUBHO MCII0JIb30BaTh e¢ npu nonydenuu [IEM II/A-3, IIEM 1I/B-3, IIEM
V/An UEM V/B. Memoouxa. J1ns nneHTHHUKAIH XUMAYECKOTO 1 ()a30BOTO COCTABOB MpUMEHEeHBI POA
u POCA, a g onpenienenns: GU3MUECKUX CBOWCTB UCIIOIBL30BAHBI CTAHAAPTHBIE METOIBL. Pesyibmamsi.
HccnenoBanHas 3071a-yHOC MallOaKTUBHBIN MaTepual, 9YTo0bl MOBBICUTD €€ YPPEKTHBHOCTH KaK T00aBKU
JUTSI IOPTJIAHIICMEHTOB PEKOMEHIYETCSl €€ aKTUBU3UPOBaTh. 30/1a-yHOoC Dkubactysckoit [[POC-2 umeer
caenyromue (GpU3MKO-XUMUYECKHE XapaKTEPUCTUKM: YIENbHas IMOBEPXHOCTH — 290 M?/KT, UCTUHHAS
wiotHOCTh — 2,1 T/cM®, HaceimHas MIOTHOCT — ~780 Kr/mM°, yaenbHas 5(pQGeKTHBHAsS aKTHBHOCTH
panuoHyKIuA0B — 72 Br/kr. XuMudeckuii cocTaB IpecTarieH B ocHOBHOM Si0: (56,7 %) u ALO; (28,6
%), ¢a3oBslii coctaB — mymumToM (38 %), kBapuom (32 %), crmmumanutoM (12 %), rematurom (5 %),
crexsiodasoii (10 %) u nHecropesmum yraepoaoM (3 %); moayns ocHoBHOCTH coctasisieT 0,02, a Moxynb
akTuBHOCTH — 0,5. M3 cka3aHHOTO ClI€ZyeT, YTO 3Ta 30JI1a-yHOC CBEpPX KHCIas, CPEIU €€ COCTABIAIOIINX
TOJIbKO cTekiiodaza (10 %) MOXKeT UMETh MOBBIICHHYI0 aKTUBHOCTh, €Ie 4acTh KpemHe3ema (26 %)
o0agaer peakMOHHOH CIOCOOHOCTBIO.

Pesynbratel pacnpeaeneHus 4acTUIL IO pa3MepaM MoKa3all, 4To:

-HECTOPEBIINHI yTIIepo] B OCHOBHOM COCPE/IOTOUEH B COCTaBE KPYITHBIX (Qpakiuii, a ctekiodasa,
MPEUMYIIECTBEHHO, HAXOJUTCS CPen MeIbUaiIInX YacTHIL;

- YaCTHUIbI MyJUINTA, CWUIMMAHUTA U KBaplla HPUMEPHO OJMHAKOBO PacIpeiesIeHb 10 (PpaKIusIM.

AKTyanbHOCTh M 3HAYUMOCTH JAaHHOW MpOOJEeMbl YCHIMBAIOTCS C (aKTOM MpPHU3HAHHS, YTO
TexHOTeHHbIe 0TX0Abl TOLl HerocTaTOYHO MepepadaThiBatOTCsl, TEKYIIME OTXO/bI 306l HAKATLTHBAIOTCS U
3aHUMAIOT OTPOMHBIE IUIOIIAAM, YTO BBIBOAWUT MX W3 3€MIICIIONB30BAHUS. YTHUJIM3aLUs 30JI00TBAJIOB
MO3BOJIIET CHHU3WTh TEXHOTGHHYIO HArpy3Ky Ha OKPYKAIOLIYI0 Cpelqy M O0OecleduTh palroHAIBLHOE
WCIIOJIb30BaHNE BTOPUYHOTO ChIpbs. Hayunasa noseusna. BriepBble moka3aHbl MPUYUHBI MaJTOAKTUBHOCTH
30J1bI-yHOCa DKnbacty3ckoit 'POC-2 nis noBeimeHus 23 GeKTUBHOCTH Kak TOOABKH, €€ Hal0 COBMECTHO
pasMaibiBaTh C LIEMEHTOM U A0 H3MEJIbYEHHs LIEMEHTa C J00aBKOM 30JbI-yHOCA OCYIIECTBIISETCS Ha
Je3UHTErpaTopHol  MenbHULE. [Ipaxkmuueckoe 3Hayenue. Co3naercs 0€30TXOJHAS TEXHOJIOTHS
nepepaboTKU TEXHOTCHHBIX MAaTepHaIOB, IOBBICUTCS AKTUBHOCTh LIEMEHTOB.

KiroueBble cjioBa: 3071a-yHOC; XUMHUYECKUI U ()a30BbIi COCTAaBbI, MYJIJIUT, CHJJIMMAHUT, KBapIl,
cTekiiodasa, HeCropeBILINK YIIepol, YacTUIBl U (hPpakunu, PU3NKO-XMMHUIECKUE CBOCTBA

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°C, kaolinite (Al2032S10,°2H,0 transforms into chemically active
anhydrous metakaolinite (Al,O3°2S10,);

* at temperatures above 900°C, mullite (3A1,05°2Si0,) is formed;

- processes associated with decomposition of carbonates:

» iron carbonate (FeCOj3) decomposes at 400...500°C;

* at 600...1000°C, dicarbonization of calcite (CaCOs3), magnesite (MgCOs3) and dolomite
(CaCO3'MgCO:s) occurs;

- processes at 540...573°C associated with phase transformations of quartz (SiO);

—at 400...700°C pyrite (FeS,) is oxidized with formation of iron oxides (Fe,O3) and sulfur (SO3);

— at high temperatures (1200°C), eutectic mixtures appear, which are a glass phase, including a
microsphere.

And:

170



NE WS of the National Academy of Sciences of the Republic of Kazakhstan

» 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. 1.
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

Buildings and Reducing conditions of archophytomeliorative measures

structures Reducing degree of biopositivity of buildings and structures

Biocenosis Decreased strength characteristics and durability of buildings and structures
[Flora (F2), Oppression and deterioration of human condition, flora and fauna

fauna (Fn), . .

man (Hy)] Occurrence of various diseases

Depression of a vast territory and violation of natural landscape

Depression of soil biota (earthworms, wood lice, earth mites, nematodes) and
L — Lithosphere flora (fungi, bacteria, algae, etc.)

Violation of the functional properties of soils (turf, forest cover, meadow
felt, humus horizon)

Ambient temperature rise and climate change

Formation of technogenic systems in the form of acid rain, greenhouse

A — Atmosphere 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

\Ash dump

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 CuKa radiation with software was used. X-ray patterns of sample were obtained in the range of
26(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, A, are recorded:

» mullite (3A1,03-2Si0,) — 5.4246; 3.41; 2,2009 and others;

* quartz (SiO,) — 4.2678; 3.41; 2.2852 and others;

» sillimanite (2A1,05°Si0,) — 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.
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Fig.1 - Radiograph of fly ash
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Chemical composition, %: SiO, — 57,7; Al,03_-29,6; (Fe.O3+ FeO) — 6,4; CaO — 1,1; MgO —0,35;
SOs - 1,3; K»0 - 0,03; Na,O — 0,52; mrm — 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 (3A103°2S10y), quartz (SiOy),
sillimanite (Al>O3), hematite (Fe,Os) 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 um to 50 pum;

« 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.
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SnekTpoHHoe naobpaxedue 1
Fig. 2 - Micrograph of ash fractions in a scanning electron microscope

E0MEM

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 a-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. Color 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 (3A1,03°2Si0,), quartz (SiO2), sillimanite (Al:O3'Si0O,) 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 | Particle Content of the | mullite o- quartz sillimanite carbon glass phase
number sizes, pm fraction on (occupied by
sieve, % halo
square, sm?)

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 um stands apart, which is represented by mullite (28
%), a-quartz (54 %), carbon (18%) and small amount of glass phase (occupying a halo area on the X-ray
pattern reaches 6 cm %; 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;
o 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 cm?, its intensity is 105 pulses/sec, and the size of 40 microns is 23 cm?, 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;
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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

o in particles of fly ash with a size of less than 450 microns, mullite content varies within 41...51 %,
a-quartz — 14...25 % and sillimanite — 24...35 %. 1 ... 4, respectively, fraction 500, 100, 80 and 40 microns;
5— glass phase content 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/cm?; 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);

. o -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 HO, HCI and H,SO4sH2SO4, soluble in
HF, slightly soluble in alkalis.

Moreover, it should be noted that 26 % of a-quartz is reactive towards lime.

° Hematite — density 5.26 g/cm’, hardness 5...6, uniaxial, negative; Ng>2.95, Ne=2.74. Insoluble in
water, organic acids, soluble in concentrated HCI solution (Bek et al., 2022: 7; Aitkazinova et al., 2020:
11);
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o 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;
o 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

Ne | Name of indicator ND Norm ND according | Actual value
on tests to GOST fly ash
31108-2020
Content of alkali oxides (R20)
in terms of NaxO, no more, % I'OCT 5382-2019, p.12 2,0 0,54
Content MgO, no more, % I'OCT 53822019, n.7.3 5,0 0,35
Weight looss on ignition (ppp), FOCT 5382-2019, p4 5.0 3.0
no more, %
Uniformity of volume change (expansion of TOCT 30744-2001, p.7 10 9.0

cement with the addition of fly ash, no more, mm

Copepxkxanue peaxkuunonHocnocobnoro SiO2, at | TOCT 5382-2019, p.6;

least, % RFSA = 26
i\é[;sctcg/};aﬂ noJist peakiuoHHococoornoro Ca0, at FOCT 5382-2019, p.7 10 0.5
, /0
yass fraction of free calcium oxide CaO, no more, TOCT 5382-2019, p.13 | absent
0
Specific effective activity of natural radionuclides, TOCT 30108-94 Jo 370 7
bk/kg
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 ? /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 SiO (57,7 %), ALOs (29,6 %), Fe,Os+FeO (6,4 %), CaO
(1,1 %), MgO (0,35), SO3 (1,3 %), K20 (0,03 %), Na,O (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 (3A1,03°2Si0;)
— 38 %; quartz (Si0,) — 32 %; sillimanite (Al,O3°Si02) — 12 %; hematite (Fe.O3) — 5 %; glass phase — 10
%; unburned carbon — 3% among them, onlyglass phase has pozzolanic and hydraulic activity, and
reactivity — 26 % SiOs.
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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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