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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.

Kazaxcman Pecnyonuxacol ¥nmmoix eoiivim akademusicol « KP ¥£A Xabapnapwi. 'eonoeusi scane
MEXHUKATLIK bLIBIMOAD CepUsiCbly bliblMU JcypHaabinbiy Web of Science-miy oicananranzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvlH xabapiaiiovl.
byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol JcypHandvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index oicone the Arts & Humanities
Citation Index-xe xabwvL10ay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawbliap MeH meKkemenepee KOHmMeHm mepenoici MeH canacvih Ycovlnaowvl. KP
¥F'A Xabapnapwi. I'eonocus scane mexnuxanvlk eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yulik ey 63eKkmi Jicane 6e0eN0l 2e0N102Usl HCIHE MEXHUKATBIK
2LILIMOAp OOUbIHULA KOHMEHMKE A0ai0bleblMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunoiii sicypran « zeecmuss HAH PK. Cepusi eeonocuu u mexnuueckux
HayK» 6vL1 npunam 0ns undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpOBaHUuU HAXOOUMCS 8 CMAOUl paccMOmMpeHUs
rxomnanueu Clarivate Analytics ons danvheiiueeo npunsmus scypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npeonacaem xauecmeo u enyouHy Kommenma 0/ ucciedogamenell, dgmopoes,
uzoamenei u yupexcoenuil. Brxnouenue Uzeecmus HAH PK. Cepus eeonocuu u mexnuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



KAWMBIFBIMABIABIK, KOFBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KaueCTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J1aH YacTHbIH bnarorBoputenbHblid GoHa «Xaibky». 3a robl CBOSH IesITeIbHOCTH
Ha peajHu3aluio OJaroTBOPUTENILHBIX MPOEKTOB B 00JacTAX oOpa3oBaHMS M HAyKH,
COLMAJILHOM 3aIlUThI, KYJIbTYPBI, 31paBooxpaHeHus u cnopra, Ponp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue biarorBopuTenbHbIH GOHT «XaJIbIK» yienseT 00pa3oBaTeIbHbIM
IporpaMmam, CUuTas 3TO HaIlPaBJIE€HUE OJHUM M3 KIIIOYEBBIX B CBOEH JIEATENBHOCTH.
Oxa3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHuto, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJI B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem caMbiM ciocoOCTBY S
pOCTy uncIa JItoneH, ClIoCOOHBIX MEHSTh XKU3Hb B CTPaHe K JIy4IlleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEJIUKUX YMOB». OmHOH U3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpas3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — mepBblii B cTpane OuzHec-uHKYOaTop ISl yUaluxcs
9-11 xmaccoB, KOTOPBIH MOMOTraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MUpE
MpeANPUHUMATENILCKUE HaBbIKK. Tak, Ha comeliCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
66110 BhIIeneHo Oosee 200 rpanToB. J{iist mo/iep KKy TadaHTIIMBBIX 1 MOTHBHPOBAHHBIX
nereit @OoHI HEOAHOKPATHO BBLACISUT TPaHThI HAa 00yueHue B MexTyHapOJHOH IIKojIe
«Mupac» u B Astana IT University, a Taxke MOMOI Ka3aXCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tomimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY Y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT IO MIPEAMETY
«OCHOBBI TIpeANpUHUMATENBCTBA U Ou3Heca», mpenogaBaemoro B 10-11 xmaccax
Ka3aXCTAaHCKMX ILKOJ U KOJUIEIKEH.

[TomuMo mnomoIIM MIKOJIBHMKAM, ydallMMcs KoJulepked u cryaeHTtaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWN IIE€AaroroB,
COBEpIIEHCTBOBAHNE HUX 3HAHUH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHMKAMH 3HAHUM OydyHIMX MOKOJIeHHH KazaxcTanueB. [Ipu mognepxke donna
«XanplK» B IOKHOH cTONMIEe ObUI OpPraHW30BaH €XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealu3yeMblii MPOEKT 1O OOy4YEeHHIO OCHOBAM
(UHAHCOBOM TPaMOTHOCTH MpernojaBareield n3 BockMH obmacteil Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE Ha BOCIIUTaHUE (PMHAHCOBOW IPAMOTHOCTH H
MPEeINPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHHSI IPaX</1aH CTPAHBI.

Heo6xomumyto nomorip @oHpa «Xajablk» OKa3blBaeT U TEM, KTO 0COOEHHO OCTPO
B Hell Hyxnaercs. B paMkax counaibHOM 3alllUThl HACEJIEHHsS aKTHUBHO NPOBOAUTCS
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paboTa 1o TOAJEPKKE JIETeH, OCTABIIMXCS 03 pOJAUTENCH, JeTedl W B3POCIBIX U3
COLMAJIbHO YA3BUMBIX CJIOEB HACEJICHMUS, JIFOJEH C OTPAaHUYEHHBIMHA BO3MOKHOCTSIMHU, a
TaKKe 00eCIEUESHUIO HYKIAFOIIUXCS COIUABHBIM KUIbEM, CTPOUTEIBCTBY COLIUATBHO
BaXKHBIX OOBEKTOB, TAKUX KaK JCTCKHE CaJbl, ACTCKHE TUIOIIAIAKU U (PU3KYIBTYpPHO-
03JI0POBUTEJIbHBIE KOMIIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXKHO JOOABUTh OKa3aHUE MTOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOJICPKKA B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamiel crpaHe. JKMU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTblky»
OKa3aJl HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHell nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHOH nHpeknuerd Dounx Beiaenui cBbime 11
MUJUTMAPJIOB TEHI'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIMIIMHCKON
TIOMOUIHU U CPECTB 3aLIUThL, aAPECHYIO MAaTEPUAIbHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHUS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMU TPOEKTaMH, HAlCJICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxkaaH DOHJ peniwi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SBJISIETCS YacThlO0 OOIIECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHD Pa3BUTHUS FOCYIapCTBA.

[Honnepxkka @oHAOM BbIMyCcKa >KypHajgoB HamuonanbHOM AkageMun Hayk
PecriyOnuku KazaxcraH, KOTOpbIe BXOAST B MEXIyHapoiHble (OHABI Scopus u
Wos ¥ B KOTOPBIX NYOJNUKYHOTCS CTaTbd OTEUECTBEHHBIX YYCHBIX, JIOKTOPAHTOB W
MarvCTPaHTOB, a TaK)KE HAYYHBIX COTPYJAHHMKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISECTCS HE MEHEE 3HAYMMBIM
BKutajjoM DOH/Ia B pa3BUTHE Ka3aXCTAHCKOTO OOIIIEeCTBA.

C yBakeHunem,
BbaarorBopurebHblii ®ona «XaabIky»!



Bac penakrop

7KYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FBUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akanemuri,
«Kazakcran Pecryonukacel ¥ITThIK FhUTBIM akanemusicby PKB-win npesunenti, AK «/1.B. Cokonbckuit
aTBIHJIAFBl OTHIH, KaTalll3 jKOHE IEKTPOXUMHUS MHCTUTYTBIHBIH» Oac aupekTops! (Anmarsl, Kazakcram)
H=4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FRUIBIMIApPBIHEIH JOKTOpHI, mpodeccop, KP ¥FA

JKayanThl XaTbICkl, A.B. BekTypoB aTbIHAaFBI XUMUS FRUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnaknusaabplK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), TI'€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemuri, «Y.M. Axmencadunua aThIHAAFEI
THIIPOTCOJIOTHUS KOHE TCOIKOIOTHI MHCTUTYTHIHBIHY» TUPEKTOphI (AnmMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcAphI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH TOKTOPBI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€ONOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektops! (Anmarsl, Kazakcran) H=2

CHOY [Iaumen, Ph.D, kaybiMaacTeipsutran npogeccop, Hebpacka yauusepcutetiniy Cy FbUIBIMIAPbI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminae
TIeTPOJIOTHS XKOHE Taiiiaibl Ka30anap KeH OpBIHIApPBI CalachIHIAFEl 3epTTeyIepais kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®WJIOB Muxaua BopucoBud, TeXHHKa FRUIBIMIAPBIHBIH JOKTOPEI, HaHncn yHHBepcHUTETIHIH
npodeccopsl (Hancu, @pannms) H=15

IIEH IMun, Ph.D, KpITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMepHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToiFbiHbIH Mymieci (ITexun, Kpitait) H = 25

DOUIIEP Axkceab, Ph.D, /Ipe3neH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMIACTBIPBLIFAH TIpodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, TE€OJOTUS-MHHEPAIOTUs FHUIBIMIAPEIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpopumyka arblHIarbl MyHaii-ra3 TeoJIOrHsChl KHE reo(U3HKa
nHctuTyThl (HOoBOCHOHpCK, Peceit) H = 19

ATABEKOB Baagumup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH JT0KTOpEI, benapycs ¥FA akaxemuri,
JKana Matepunanaap XUMHUSICBI HHCTUTYTBIHBIH KYpMeTTi qupekTops! (Munck, berapycs) H = 13

KATAJIUH Credan, Ph.D, [[pe3neH TexHUKaIBIK yHUBEPCUTETIHIH KAy bIMaCTBIPBUIFaH IIPodeccopbt
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoiorns-MHHEPANOTHsS FHUIBIMIAPBIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.M. Carraes arsiaaarbl [ €010THs FRUTBIMIAPEI HHCTUTY THI
3epTXaHachlHbIH MeHrepymrici (Anmarsl, Kazakcran) H=11

CAYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcuteti (Hyp-
Cyurran, Kazakcran) H =11

DPATTUHMU IMaosno, Ph.D, bukokk Munan yHHBEpCUTETI KaybIMAACTHIPBIIFAH Mpodeccopsl (MmuiaH,
Uranus) H =28

«KP YFA» PKb Xaoapaapsbl. ['eosiorust xoHe TeXHHKAIBIK FHLIBIMAAP CEPUSICHD).
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymri: «Kazakcran PecryOnukachiHBIH ¥JITTHIK FRUTBIM akageMusicky PKB (Anmarst k.).
Kazakcran PecmyOnukachiHBIH AKIapar »KoHE KOFaMIBIK JlaMy MUHHCTPJIITiHIH AKHapar KOMUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 0acbUIBIM TipKeyiHEe KOWBLTY Typalibl KydJIiK.
TaKbIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAIBIK MEXHOL02UAIAPbI, MYHAL
XUMUACHL, MEMAn0apObl ALy HCIHE ONAPObIH KOCLIHObLIAPHIHbIY MEXHOIOSUACDL.
Mep3iMAiTiri: )KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusiaeig MekeH-kaiibl: 050010, Anmarsr k., [lleBuenko kerr., 28, 219 6eur., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© «Kazakcran PecnyOnukachiHBIH ¥IJITTHIK FRUTBIM akagemusicky PKB, 2024
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I'naBHBbIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOP XMMHUYECKUX HayK, mpodeccop, axagemuk HAH PK,
npesunenT POO «HanmonansHol akagemun Hayk Pecryonmku Kasaxcran», renepanbHbiii aupexrop AO
«MHCTUTYT TOTUMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBEHHBIN

cekperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHas KodJgerus:

ABCAMETOB Maauc KyabicoBud, (3aMeCcTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOTOMHUHEPAIIO-
THYECKUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTa THAPOTE€OIOTUU U T€OIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAo-
IHYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmorndeckux Hayk nm. K.M. CartmaeBa (Amnmarsl,
Kazaxcran) H=2

CHOY Jpunen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOIHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIen0BaHIN B 00JIACTH IIETPOJIOTHU U MECTOPOXKIACHHUN
M0JIe3HBIX HCKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKHX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®pannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEpUKaHCKOW acconmanuy skonomudeckux reojoros (ITexun, Kurait) H = 25

OUIIEP Axcens, acconmmpoBaHHBIH Tpodeccop, Ph.D, Texumueckmii yHuBepcurer Jlpesnen
(Hpesnen, bepnun) H=6

KOHTOPOBUY Aunekceii DMuIbeBHY, JOKTOP TI'€0OJIOTO-MHHEPAIOTHYECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H =19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akajeMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XMMHUU HOBBIX Marepuaiios (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuupoBanusiii mpodeccop, Texuuueckuit yauepcutet (JpesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecionneHT HAH PK, 3aBenyromas naboparopun MHcTHTyTa Teonormdecknx Hayk um. K.
Carnaesa (Anmarsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H =11

D®PATTUHU IMaoso, Ph.D, acconmmpoBanHbBIil mpodeccop, MuIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«H3Bectuss POO «<HAH PK». Cepusi reo10ruy 1 TEXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
CobcrBennuk: Pecnybnmikanckoe obmmecTBeHHOe 00beinHenne « HarmonanbpHas akaeMust Hayk
Pecny6onmkn Kazaxcram» (T. AMarsr).
CBUIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncTepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BbliaHHOe 29.07.2020 1.
Temaruyeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYECKUe MeXHON02UU NnepepadomKu Hemu u easa,
Heghmexumus, MmexHoNI02UU U361eUeHUs MEMANN08 U UX COeOeHEHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sx3eMILIAPOB.
Anpec penakiuu: 050010, . Anmarsr, yii. [lleuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanwsHas akanemus Hayk PecryOnuku Kazaxcrany, 2024
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Editorial chief

ZHURINOYV 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

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H =5
Editorial board:

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

PANFILOV 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

AGABEKOV 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
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Abstract. Study purpose is to establish influence of technological factors of
production on density and strength of ash-gas concrete. Study object is ash-gas concrete
with density of 700, 800 and 900 kg/m?® based on Portland cement CEM 1 42.5 DO
and fly ash from Ekibastuz GRES-2. Research methodology. Composition of ash-gas
concretes with average density of 700, 800 and 900 kg/m?* was developed in accordance
with technical requirements of SN 277-80. Instructions for manufacture of products
from cellular concrete. Dry mixtures with specific surface area of about 450 m*kg are
obtained by joint grinding of ash and cement (with addition of 3...5 % gypsum). Grinding
was carried out in a NOAH NQM-0.4 PLANETARY BALL MILL manufactured by
YANGZHOU NUOYA MACHINERY CD., LTD.

Solution mixture was prepared as follows:

* in working capacity of mixer with a speed of 410 rpm was poured up to 95 % of
required amount of water, then mixer impeller was turned on, after which ash, cement
and bassanite (semi-aqueous gypsum) were sequentially fed;

* mixture was stirred for 3—4 minutes, and then, without stopping, required amount
of aqueous suspension of aluminum powder was introduced, after which mixture was
additionally stirred for 1-2 minutes.
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In the work, influence of such technological factors as grinding, composition,
water temperature and water-solid ratio on density and strength of gas-ash cement was
studied. Influence of technological factors on density and strength of ash-gas concrete
was studied on the base composition. It has been established that technological factors
of production, such as dispersion and composition of mixture, water-to-solid ratio
and mixing water temperatures, have a significant impact on density and strength of
ash-gas concrete, therefore, optimization of these factors makes it possible to obtain
ash-gas concrete with a given density and strength. Novelty lies in establishment of
regular features of influence, depending on type of technological factors, on density
and strength of ash-gas concrete with average density. Practical significance lies in
production of ash-gas concretes with given density and strength by adjusting parameters
of technological factors.

Keywords: fly ash concrete, strength, density, dispersion composition, water-to-
solid ratio, temperature
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AHHOTamusA. 3epmmeydiy Mmakcamvl — OHJIIPICTIH TEXHOJOTHSUIBIK (haKTop-
JIApBIHBIH 30JI0Ta300€TOHHBIH THIFBI3IBIFEI MEH OCPIKTITIHE 9CEepiH aHBIKTAY. Jepmmey
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uoicanvl — THIFBI3ALIFBI 700, 800 xone 900 kr/m3 3onorazoberon, IIEM 1 42,5 10
HNOPTIAHAUEMEHTI xone Exibactys 'POC-2 kymi. 3epmmey adicmemeci. Oprama
TeIFbI3bIFEL 700, 800 >xone 900 kr/m3 3osorazoberoHmapiasiH Kypambl CH 277-80
TEXHUKAJBIK TajanTapblHa CoHKec o3ipneHni. ¥Ysiubpl OeToHHaH OyibIMIap jkacay
xeHiHjeri Hyckaynbik. MeHnmnikTi 6eti mamamen 450 M2 / KT KYpFak Kocraiap KyJl MeH
LEMEHTTI Oipre YHTaKTay apKbUIbl ajdbiHa bl (3 run 5 % rumc KocrnacsiMeH). Y HTaKTay
Noah nqm-0,4 planetary BALL MILL nanerapnsik nuipmeninge, Yangzhou Nuoya
MACHINERY CD engipicinze xy3ere acsipsuigsl., LTD. Epitinai Kocracsl kenecigei
JadbIHIAT b

— aitHaneiM caHbl 410 aliH/MuH MuUKcepliH KYMBIC CBHIHBIMJIBUIBIFBIHA JICHIH
KYHBUIIBI, KaXKETTI ¢y Memmepinia 95 %, cogan KeliH apanacThIPFBIIITHIH AOHIeNeT
KipJi, coaH KeHiH KyJ1, HEMEHT JKoHe OaccaHuT (3kapTbutail Cyiibl TUIIC)I9HEKTI TypAe
JKETKI31IIL,

— KocmaHbl 3—4 MHHYT apajacThIpAbl, COJaH KEHiH TOKTaTmal, aJtoMHHUI
YVHTaFbIHBIH CYCIICH3USCHIHBIH KaKETTI MOJIIIePIH eHTi3/i, COJaH KCHiH KOCHaHbI
KOCBIMIIIa 1—2 MHHYT apanacThIpAbL.

KyMmbicTa OCHIHAAW TEXHOJNOTHSUIBIK (DaKTOpIapAbIH ocepi 3epTTeNai, MBICAIIBL:
YHTaKTay, KypaMbl, CyAbIH TEMIIEpaTypachl >KOHE CYAbIH KaTThl KaTbIHACHI Ta3-TY3
LIEMEHTIHIH TBIFBI3JBIFBI MEH OCpIKTiriHe. 30JI0Ta300€TOHHBIH THIFBI3BIFBI MCH
OCpIKTIriHE TEXHOJOTUSUIBIK (DaKTOpIapIblH ocepi Heri3ri Kypamaa 3epTTEireH.
OHIIpIiCTIH TEXHONOTHSJIBIK  (DakTopiapel, MbICAJbl: KOCHAHBIH JUCIIEPCHUSICHI
MEH KYpaMbl, CYIbIH KaTThl KAaTBhIHACHI JKOHE KAaKMalbl CyABIH TEMIIepaTypachl
30510Ta300€TOHHBIH,  THIFBI3ABIFEI  MEH OCpIKTIriHEe aTapibIKTail ocep eTeTiHi
AHBIKTAJIJBI, COHJABIKTaH OCHl (hakTOpiapAbl OHTAMIaHIBIPY OEPUITeH THIFBI3IBIFBI
MeH OepikTiri Oap 30;mora3o0eToH amyFa MYMKIHZIK Oependi. JKaHanbiFbl-oprama
THIFBI3IBIKTAFbl  3010Ia300€TOHHBIH THIFBI3ABIFEI MEH OCpIKTITiHE TEXHOJOTHSUIBIK
(axTopiapaslH TYpiHE OalIaHBICTBI 9cep €TyAiH TaOWUFW epeKIICTIKTEepiH Oemnriiey.
[IpakTuKaIbIK MaHBI3ABLIBIFBI-TEXHOJIOTHSIIBIK (haKTOpJIAPbIH apaMeTpiiepiH peTTey
ApKBUIBI OEPUITeH THIFBI3ABIFEI MEH OCPIiKTIri Oap 30J0THSIIBIK OCTOHAAPIBI ally.

Tyiiin ce3nep: 30102a306emon, OEPIKTIT, THIFBI3IBIFBI, TUCTIEPCUS KYPaMBbl, CyIbIH
KaTTbI KaThIHACKI, TEMIIEpaTypa
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AnHorauus. [lenv ucciedoganusi — YCTaHOBJICHWE BIMSHUS TEXHOJIOTHUYECKUAX
(hakTOpPOB TPOM3BOIACTBA Ha IUIOTHOCTH W TPOYHOCTH 30s0ra3oberoHa. Obwvexm
uccnedosanus — 3onorazoderod ¢ miotHocteio 700, 800 u 900 kr/m® Ha ocHOBe
noptnananementa [IEM 1 42,5 J10 u 30mb1-yHOCa DKnbacty3ckoit [ POC-2. Memoouxa
uccnedosanusi. CoctaB 30710ra300€TOHOB co cpenaHer miotHocThIo 700, 800 u 900 kr/
M3 pa3paboraH coracHo TexHmdeckuM TpeOoBanusM CH 277-80. UucTpykius mo
W3TOTOBJICHHIO M3/IEJIHIA U3 staeucToro OeToHa. Cyxue cMecH ¢ yIeIbHOH TOBEPXHOCTHIO
OKOJI0 450 M?/KT TIOJTy4EHBI ITyTEM COBMECTHOTO TIOMOJIa 30J1bI M [IeMeHTa (C 100aBKOM
3...5 % runca). [lomon ocymectisiiin B TuranetapHoit mensHuIle NOAH NQM-0.4
PLANETARY BALL MILL, mpomsBoactBo YANGZHOU NUOYA MACHINERY
CD., LTD.

PacTBOpHYIO CMeCh TOTOBWIIH CIIEIYIOIIUM 00pa3oM:

B pabo4Yyr0 eMKOCTh MUKCEpa € YUCIOM 000poToB 410 06/MHH HaNMHUBAIH 10

95 % ot TpeOyeMOoro KOIW4YecTBa BOJBI, 3aT€M BKIIFOYAIN KPBUIRYATKy MHKCEpa,
TOCJIE Yero MOCIIeI0BaTeIhHO ITOIaBaIH 3011y, IIEMEHT U 0ACCaHMT (ITOTyBOIHBIHN THIIC);

CMECh TIepEeMEeIMBAIN B TeueHWe 3-4 MUH, a 3aTeM, HE OCTaHaBIUBasi, BBOIMIN
TpeOyeMoe KOJTMYEeCTBO BOAHOHN CYCIIEH3HMH aJIOMHUHHEBOH IYIpHI, TOCIE Yer0 CMECh
JIOTIOJHUTENIBHO NepeMEIaiu B TeueHUue 1—2 MUH.

B pabote wmcciemoBaHO BIMSHWE TAaKUX TEXHOJIOTHYECKHX (DAKTOPOB, KaK-TO:
M3MeJIBIeHHE, COCTaB, TeMIepaTypa BOIBI M BOJOTBEPJOE OTHOIICHHWE Ha TUIOTHOCTh
Y TIPOYHOCTH Ta3030JI0IIeMEHTa. BIusHIe TEXHOIOTHIECKUX (aKTOPOB Ha TUIOTHOCTh
Y TPOYHOCTH 30JI0Ta300€TOHA HCCIENOBAHO Ha 0Aa30BOM COCTaBe. YCTAaHOBIEHO, YTO
TEXHOJIOTHYECKHe (PaKTOpPbI MPOU3BOACTBA, TAKHE KAK: TUCIEPCHOCTh U COCTaB CMECH,
BOZIOTBEP/IOE OTHOIIIEHUE U TEMIIEPATyPhI BOIBI 3aTBOPEHUS OKA3bIBAIOT CYIIECTBEHHOE
BIUSHUE Ha TUIOTHOCTh W MPOYHOCTH 30JI0Ta300€TOHA, MOITOMY ONTHMH3AIUS
9THX (PAKTOPOB TO3BOJISAET TONYYUTH 30J0Ta300€TOH C 33/JlaHHBIMU TUIOTHOCTBIO U
MIPOYHOCTHIO. Ho8uU3Ha 3aKITIOYaeTCs B YCTAHOBJICHHH 3aKOHOMEPHBIX 0COOEHHOCTEeH
BIUSHHSI B 3aBHCHMOCTH OT BHJAa TEXHOJOTHYECKHX (DaKTOPOB HA IUIOTHOCTh W
MIPOYHOCTH 30JIOTa300€TOHA CO CpenHel IUIOTHOCTHIO. [Ipakmuueckas 3HAYUUMOCHb
3aKITI0YAeTCs B TIOJYYSHHH 30J10Ta300€TOHOB C 33aHHOU TUIOTHOCTBIO U IMTPOYHOCTHIO
ITyTeM PETYIIMPOBaHUS TTAPaMETPOB TEXHOIOTHYECKUX (PAKTOPOB.

Kntroueswle cnosa: 3on102a3006emon, npouHoCHb, RIOMHOCMb, COCMAB OUCNEPCHOCHI,
8000meepOoe OMHouleHUe, MmeMnepamypa
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Introduction

At present, small-piece block products from gas and foam concrete with average
density of 700, 800 and 900 kg/m? are developing at a good pace in Kazakhstan. Their
undeniable advantages are:

— simplicity of production technology, which predetermines possibility (with help
of small and medium-sized businesses, including private entrepreneurship) to organize
their production in a short time, which contributes to rapid return of capital invested in
them and to satisfy population's need for these products in a timely manner;

— wide base of raw materials, including technogenic materials, including fly ash;
moreover, production of cellular products based on the latter individuals can be
considered the most promising; this contributes to rational distribution of mineral
resources, creation of waste-free technology and solution of ecological problem of
environment.

Task of the study is to determine effect of dispersion and composition of ash-cement
mixture, water mixing temperature and water-solid ratio on strength of ash-gas concrete,
which are main technological factors.

Analysis. One of the promising direction for utilization of fly ash is production of
cellular concrete on their basis, which is due to following circumstances (Avvakumov et
al., 2009: 199; Yuai Yuan et al., 2014: 448; Hu Shuguang et al., 2016:304):

* high ash content (its content in composition of cellular concrete can reach 60...70
% by weight);

* it can be used in the composition of cellular concrete either as a silica component
or as a component in composition of binders;

* content admissibility of unburned carbon in its composition in a larger amount
(up to 15 %), which predetermines not to enrich it - the latest expensive technology in
itself (for light and heavy concrete it is considered better when the coal content in the
composition of fly ash is less than 3 % by weight);

* reducing cost of production of cellular concrete and promoting environmental
protection;

* production of cellular concrete with specified physical and mechanical properties
and durability, due to increased activity of fly ash compared to natural silica materials.
As for cellular concrete itself, now in Kazakhstan, as already mentioned, aerated

concrete with a density of 700, 800 and 900 kg / m® of non-autoclave hardening is
produced in large quantities - this is the most popular product, especially for civil
engineering, although products from cellular concrete produced under conditions of
autoclave hardening (Zbigniew, 2014: 189; Vladimirov et al., 2022: 10; Zhumadilova
etal., 2022: 7).

It follows from foregoing: availability of raw materials, low fuel and energy
consumption, simplicity and organization of production, low cost, relatively high
physical and mechanical properties provide ash-gas concretes with great prospects.

Materials and methods

Materials

Following materials were used as starting materials:
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— Portland cement CEM 142.5 DO (according to GOST 31108-2020), production

AlaCem LLP, with the following rounded phase composition, %: alite (3CaO-SiO,-

C,S) — 58.7; belite (2Ca0-SiO,-C,S) - 17.54; felite (3Ca0-Al O,-C,A) -3.11; celite
(4CaO-AL O, Fe O,-C,AF) -15.4; gypsum (CaSO,2H,0) - 5.3;

— fly ash from Ekibastuz GRES-2 with the following chemical-mineralogical,
granulometric and physical characteristics:

* chemical composition, %: Si0,-356,7, Al,O,-28,6; (Fe,O, + FeO) - 6,4; CaO —
1,1; MgO - 0,35; SO, - 1,3, K,O - 0,03; Na,O - 0,52; pricking loss — 3,0,

* phase composition (rounded), %: mullite (3A1203 - Si02) — 38; a-quartz (SiO2)-
32; sillimanite (A1203 SiO2) — 12; hematite (Fe203) - 5; glass phase—10; unburned
carbon-3;

» granulometric composition, %: particles up to 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; at the same time, unburned carbon is mainly
in the composition of large fractions, glass phases are in small fractions, minerals are
evenly present in all fractions;

* basicity modulus (CaO+MgO/SiO, Al,O,) — about 0.02, activity modulus (A1203/
Si02) is 0.5; from which it follows that this fly ash is superacid; therefore, has the least
activity;

» specific surface — 290 m2/kg; true density - 20 g/cm3, bulk density - 780 kg/m3;

* specific effective activity of radionuclides — 72 Bg/kg;

» this fly ash meets technical requirements of GOST 25818-2017;

— bassanite (CaSO,0,5H,0) — semi-aqueous gypsum grade not less than G-4
according to GOST 125-2018; its content in the composition of ash-gas concrete varied
within 3 ... 5 % by weight;

— aluminum powder according to GOST 5494-2022.

Composition of ash-gas concretes with average density of 700, 800 and 900 kg/
m?® was developed in accordance with the technical requirements of SN 277-80. -
Instructions for the manufacture of products from cellular concrete.

Solution preparation

Composition of ash-gas concretes with average density of 700, 800 and 900 kg/
m?® was developed in accordance with the technical requirements of SN 277-80. -
Instructions for the manufacture of products from cellular concrete. Dry mixtures with a
specific surface area of about 450 m?/kg are obtained by joint grinding of ash and cement
(with the addition of 3...5 % gypsum). Grinding was carried out in a NOAH NQM-0.4
PLANETARY BALL MILL manufactured by YANGZHOU NUOYA MACHINERY
CD., LTD.

Solution mixture was prepared as follows:

* in the working capacity of the mixer with a speed of 410 rpm was poured up to

95 % of the required amount of water, then the mixer impeller was turned on, after
which ash, cement and bassanite (semi-aqueous gypsum) were sequentially fed;

» mixture was stirred for 3—4 minutes, and then, without stopping, required amount
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of aqueous suspension of aluminum powder was introduced, after which mixture was
additionally stirred for 1-2 minutes.

Sample preparation

At the end of mixing, cellular mixture was poured into molds 10x10x10 cm in size
for 30 seconds. Molds are filled with solution in one step. Filling height of mold with
mortar was 9.0...9.5 cm. Molds with cellular concrete mixture are kept at pouring
posts at room temperature (20...22°C) during swelling. After filling form with ash-gas-
concrete mixture and its swelling, resulting “hump” is cut after 2 hours. After 3 hours,
samples with mold are placed in the steam chamber and steamed according to the 3 + 8
+ 3 hour mode (raising temperature to 85 ° C + isothermal exposure to this temperature
+ descent)

Methods for studying physical and mechanical properties of samples

Determination of physical and mechanical properties of cellular concrete was carried
out in accordance with technical requirements of relevant standards. At the same time,
compressive strength is translated through coefficient to strength of a reference sample
with a size of 15x15x15 cm (GOST 10180-2012).

In the work, influence of such technological factors as grinding, composition, water
temperature and water-solid ratio on density and strength of gas-ash cement was studied.

Influence of technological factors on density and strength of ash-gas concrete was
studied on the base composition given in Table 1, from which it can be seen that strength
of samples with average density of 700 kg/m® reaches 3.5 MPa, and with average
density of 800 and 900 kg/m’ - 5.1 and 7.6 MPa, respectively. These indicators confirm:
samples obtained from mechanically activated ash-cement binder according to the
technical requirements of GOST 25485-2019 in appearance belong to structural and
heat-insulating cellular concrete, have the corresponding grade (class) - M 35 (B 2.5);
M 50 (B 3.5)and M 75 (B 5.0).

Table 1 - Designed and updated basic composition of ash-gas concrete

Specified Specific Composition, kg/m? Compressive strength,
average surface Ash | Cement | Gypsum | Water | Powder MPa
density m?/kg
700 450 273 363 32 368 0,318 35
800 430 337 450 32 456 0,360 5,1
900 420 351 467 4,1 474 0,4 7,6

Results and discussion.

Influence of grinding

Degree of physico-chemical processes occurring during hydration of ash-cement
mixture and hardening of ash-gas concrete with acquisition of certain density and
strength is significantly affected by the above factors. We will consider them separately.

. Ash used, as mentioned above, is super-acid, therefore, inactive. One way to
increase its activity is to grind it separately or as part of mixtures. At the same time,
specific surface of both ash and cement increases, which contributes to increase in their
activity (Kuldeyev et al., 2023: 8; Kuldeyev et al., 2023: 5; Bek et al., 2022: 5).
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Determination of dispersion influence of ash-cement mixture on strength of ash-gas
concrete was carried out as follows.

Ash-gas concrete with average density of 700, 800 and 900 kg/m* obtained:

* without grinding original ash-cement mixture with a specific surface area of about
280 m*kg;

* with grinding of this mixture to a specific surface of 420...450 m?/kg.

Results are shown in table. 2 and in Fig. 1, from which it can be seen:

* that samples strength from mechanically activated binder is higher by 1.5...3.4
MPa than from non-activated binder;

* that mechanical activation of gold-cement binder has a more favorable effect on
increasing strength of more dense cellular concrete than less dense - in the first case,
increase in samples strength reaches 1.5 MPa, and in the second - 3.4 MPa.

Table 2 - Influence of dispersion of the ash-cement mixture on the strength of the ash-gas concrete

Average Mixture Composition, kg/m? Compressive
density, kg/m? condition Ash | Cement Gypsum | Water | Powder strength, MPa

without grinding 2,0

2 2 18

700 With grinding 73 363 3, 368 0,3 35

without grinding 3,1

800 With grinding 337 450 32 456 0,360 51

. — 12

900 without grinding | y5; | 447 4,1 474 0.4 :
With grinding 7,6

Based on the results obtained, influence of fineness of ash-cement mixture on
strength of ash-gas concrete was obtained (Fig. 1).

m y
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E.‘ ¥
i :

o
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Average density, kg/m®

—&— Without grinding ~@— With grinding
Fig.1 - Dispersion influence of ash-cement mixture on strength of ash-gas concrete

It follows from the foregoing: mechanic activation is one of the best ways to improve
characteristics of ash-gas concrete, since this increases reactivity of mixture components
and it is closely related to the well-known patterns of mechanic chemical processes

of solids, since following physicochemical and technological factors are carried out
(Kenzhina et al., 2023: 8):
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* particles are dispersed, as a result of which chemical bonds in the crystalline level
are broken;

* particles surface is amorphized;

* contact between particles increases, which contributes to increase in the density of
their stacking;

* degree of particles with defects increases.

Mechanical activation of ash and cement particles in the hardened system interacts
with water, forming cementing substances in a larger amount, which is accompanied by
increase in strength of ash-gas concrete.

Influence of composition

Among main technological factors, composition of cellular concrete is decisive.
Since its density, strength and durability mainly depend on the composition.

Table 3 and in fig. 2 shows composition effect on strength of ash-gas concrete.
For each given density (700, 800 and 900 kg/m?), three compositions were selected.
Components content from base to lower side is reduced by 10 %, and to higher side is
increased by 20 %. This combination significantly affects not only samples strength it
also affects value of average density. We will show this on the example of samples with
average density of 700 kg/m?:

» when components are reduced by 10 % of their content in the base composition,
average density decreases from 710 kg/m’ to 690 kg/m’, and the compressive strength
from 3.5 MPa to 3.0 MPa;

» with an increase in components by 20 % of their content in base composition,
average density increases from 710 kg/m? to 830 kg/m’, and strength from 3.5 MPa to
4.2 MPa.

Table 3 - Composition influence of ash-gas concrete on its strength

Target average Composition, kg/m? Average dry Compressive
density kg/m® | Ash | Cement | Gypsum | Water | Powder | density, kg/m’ | strength, MPa

246 328 2,9 331 0,288 690 3,0

700 273 363 32 368 0,318 710 3,5

328 436 3,8 442 0,382 830 4,2

303 405 2,9 410 0,32 800 4,2

800 337 450 32 456 0,360 815 5,1

404 540 3,8 547 0,432 835 6,0

316 420 3,7 427 0,36 890 7,0

900 351 467 4.1 474 0,4 920 7.6

421 560 4,9 569 0,5 940 8,7
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Fig. 2 - Influence of composition of ash-gas concrete on its strength

Analysis of these data shows that components content in composition of ash-gas
concrete should be within no more than 10 % of specified value.

Thus, optimization regulation of composition of concrete products is one of the
main methods in concrete science. This technique is especially important for cellular
concrete, since it is not only necessary to monitor their strength, but also their density
(Nurlybayev, 2022: 3352; Nurpeissova, 2023: 8; Utegulov et al., 2011: 3).

Influence of water-solid ratio (W/T)

Value of water-solid ratio plays significant role in obtaining cellular concrete with a
given density and strength.

Effect of W/T on density and strength of ash-gas concrete was studied at its values
of 0.52; 0.58 and 0.60. At the same time, the following changes occur in mixtures and
ash-gas concretes (Table 4 and Fig. 3):

» with increase in the W/T value, as expected, mobility of mixture increases, and
average density and strength decrease;

» at W/T=0.52, samples with density of 920 kg/m?® become denser (980 kg/m?) than
samples with a density of 710 kg/m?® (750 kg/m?);

» at W/T=0.60, the decrease in density is greater for specimens with density 920 kg/
m? than with a density of 710 kg/m°.

Table 4 - Influence of water-solid ratio (W/T) on density and strength of ash-gas concrete

Target average water-solid Mass mobility Average dry density, | Dry strength,
density kg/m? ratio according to Suttardt, sm kg/m? MPa
0,52 15 750 3,9
700 0,58 17 710 3,5
0,60 20 690 3,0
0,52 14 870 5,9
800 0,58 16 815 5,1
0,60 17 785 4,7
0,52 13 980 8,3
900 0,58 15 920 7,6
0,60 16 881 7,0
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From table 4 follows Fig. 3 - Influence of water-solid ratio (W/T) on density and
strength of ash-gas concrete.
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Fig. 3 - Influence of water-solid ratio (W/T) on density and strength of ash-gas concrete

As you can see, water content mixture has very sensitive effect on density and
strength of ash-gas concrete:

* reducing it increases the strength of cellular concrete (of course, favorable), but at
the same time increases its density, which is highly undesirable;

* increasing it reduces both the strength and density of cellular concrete, value of
which does not meet technical requirements of GOST 25485-89.

Influence of water temperature.

Table 5 and fig. 4 shows effect of water temperature on mobility, average density and
strength of ash-gas concrete, which shows:

* with increase in water temperature from 20 to 50°C, mobility of mixture decreases,
and average density and strength of ash-gas concrete increases;

* with increase in the given average density of ash-gas concrete, effect of elevated
temperature has positive effect on increasing its strength, which is due to an increase in
the reactivity of water at elevated temperatures, which contributes to formation of more
cementing substances as a result of accelerating interaction between particles of cement
and ash (Patent No. 4834, 2023; Patent No. 4856, 2023).

Table 5 - Influence of mixing water temperature on mixture mobility, density and strength of ash-gas

concrete

Target average density | Water temperature, | mixture mobility, | Average dry density, | Compressive
kg/m? °C cm kg/m? strength, MPa

20 17 710 3,5

700 35 15 715 3.8

50 13 730 4,5

20 16 815 5,1

800 35 14 825 59

50 11 836 6,8
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Fig. 4: a - Effect of mixing water Temperature on density and strength of ash-gas concrete;
b - Influence of mixing water temperature on mixture mobility

Conclusions

Physico-technical properties of raw materials, concrete mixtures and cellular
concretes were studied using the ash of the Ekibastuz GRES-2 as a fine aggregate for
sands of Kazakhstan deposits.

It has been established that technological factors of production, such as dispersion
and mixture composition, water-to-solid ratio and mixing water temperatures, have
significant impact on density and strength of ash-gas concrete, therefore, optimization
of these factors makes it possible to obtain ash-gas concrete with a given density and
strength.
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