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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, KOFPBI

HALYK

CHARITY FOUNDATION

YD «XAJBIK

B 2016 romy ans pa3BUTUS W YAyYIIEHHS KauecTBa >KU3HU Ka3axCTaHLEB ObLI
CO3J]aH YacTHbIH bnarorBoputenbHblid GoHa «Xanbky». 3a robl CBOSH IesITeIbHOCTH
Ha peajM3aluio OJaroTBOPUTENIFHBIX MPOEKTOB B 00JacTsAX oOpa3oBaHMS M HAyKH,
COLMANILHOM 3aIlUTHI, KYJIBTYPBI, 31paBooXpaneHus u cnopra, Gonp Beyaenua Oosee
45 MunnuapaoB TEHre.

Oco6oe BanManue brarorBoputenbHbIH GoHT «XabIK» yrenseT 00pa3oBaTeIbHbIM
IporpaMmam, CUMTas 3TO HAIlPaBJIEHUE OJHUM M3 KIIIOYEBBIX B CBOEH NEATENBHOCTH.
Oxas3biBasi MOAJIEPKKY OTEUECTBEHHOMY 00pa30oBaHu0, GOHI BHOCHT CBOI OCHIIbHBIN
BKJIaJ1 B Pa3BUTHE KauecTBEHHOTo oOpa3oBanus B Kazaxcrane. Tem camMbiM ciocoOCTBY S
POCTY UncIIa JIIoNeH, ClIOCOOHBIX MEHSTh XKU3Hb B CTPaHE K JIy4IllleMy —Ipo(ecCHOHAIOB
B pa3iMyHbIX cdepax, MOTCHUUAIBHBIX JIMACPOB M «BEIUKUX YMOB». OmHOH u3
3HAUUMBIX HMHUIMATHB (oHJa «Xanblk» B oOpa3oBaresibHOW cdepe cTajm MpoeKT
Ozgeris powered by Halyk Fund — nepBblii B cTpane OuzHec-uHKYOaTop ISl y4aluxcs
9-11 xmaccoB, KOTOPBIH MOMOraeT pa3BUBAaTh HEOOXOOMMBIE B COBPEMEHHOM MHUPE
MPeANPUHUMATENILCKUE HaBBIKK. Tak, Ha coOmelCTBHE MajoMy OHM3HECY IMIKOJIbHHUKOB
06110 BeIzIeneHo Oosee 200 rpanToB. [y moiep KKy TadaHTIMBBIX 1 MOTUBHPOBAaHHBIX
nereii @OoHII HEOAHOKPATHO BBLACISUT TPAHThI HAa 00yueHHe B MexXTyHapOJHOH IIKOIe
«Mupac» un B Astana IT University, a Taxke MOMOI Ka3axCTaHCKUM LIKOJbHHKAM
npuHATH yyactue B npectxHoM KoHKypce «USTEM Robotics» B CILIA. ABropckue
pabotel B pamkax npoekra «Tamimrep», koropomy DoHI OKa3an HOAICPIKKY, JICIIIU B
OCHOBY y4€OHOH MPOrpaMMbl, Y4€OHHKOB U Y4€OHO-METOANYECKUX KHHUT 10 IPEAMETY
«OcHOBBI TIpeANpUHUMATENbCTBA U Ou3Heca», mpenogaBaemoro B 10-11 kmaccax
Ka3aXCTAHCKMX ILIKOJ U KOJUIEIKEH.

[TomuMo mnomomM MIKOJIBHMKAM, ydallMMcs KoJulepked M cryaeHTaM DoHp
CUMTAET BAXXHBIM BHECTH CBOW BKJIAJ B IMOBBILICHHE KBAIM(QHUKALWU IEAaroroB,
COBEpIIIEHCTBOBAHNE HMX 3HAHWH U HABBIKOB, IOCKOJIBKY HMEHHO OHHU SIBJISIOTCS
MIPOBOAHUKAMH 3HAaHUM OyIyIIMX MOKOJCHHH KazaxcTaHueB. [lpu moanepxkke donna
«XanpIKk» B IOKHOH cTONMIe ObUI OpPraHW30BaH E€XKEroJHbIM TOPOACKOW KOHKYpC
nenaroroB «Almaty Digital Ustaz.

BaxHoll MHMLIMATUBOW CTayl pealn3yeMblii MPOEKT MO0 OOy4YEeHHIO OCHOBaM
(UHAHCOBOM TPaMOTHOCTH Mpernoaasareield n3 BockMH obOnacteidl Kazaxcrana, urto
JIOJDKHO OKa3aTh CYIIECTBEHHOE BIIMSIHUE HA BOCIIMTaHUE (UHAHCOBOW IPAMOTHOCTH H
MPEeIIPUHUMATEIBCKOTO MBIIIJIEHHS Y HOBOTO TIOKOJIEHUSI TPaX1aH CTPaHBI.

HeobOxonumyto momois @oHx «Xanblk» OKa3blBaeT U TeM, KTO 0COOCHHO OCTPO
B Hell Hyxnaercs. B paMkax couuanabHOM 3alllUThl HACEJIEHHUsS 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 KOMIJIEKCHI.

B xommnky no0peix gen @onnma «Xanablk» MOXHO JOOABUTh OKa3aHUE ITOMOIIH
JIETCKOMY CIIOPTY, Ky/ia OTHOCHTCS TIOZJICPKKa B PA3BUTUU JIETCKOTO (PyTOOJIA M Kapare
B Hamel crpaHe. JKU3HEHHO Ba)KHYIO TIOMOIIL braroTBopuTeNnbHbIN QOHI «XaTbIky»
OKa3all HalllUM COOTeUECTBEHHUKAM BO BpeMsi HeaasHel nangemun COVID-19. Torga,
B pasrap TsDKenod 0ophObl ¢ KopoHaBUpYCHON nHpeknuerd Donn Beiaenui cBbime 11
MUJUTMAPJIOB TEHT'e Ha MPHOOpPETeHHE HEOOXOAMMOI0 MEIUIIMHCKOTO 00O0pYIOBaHUS
U JIOPOTOCTOSIIUX MEAMIMHCKUX IPEraparoB, aBTOMOOWIICH CKOPOM MEIHMIIMHCKON
TIOMOUIHU U CPENCTB 3aLIUThL, aAPECHYIO MaTEPUAIBHYIO IOMOLIb COLIMAIBHO YSI3BUMBIM
CJIOSIM HACEJICHHS U JICHE)KHBIC BBITUIATHI MEUIIMHCKUM PaOOTHUKAM.

B 2023 romy Hapsamy c OpYyrUMH TPOEKTaMH, HAlCICHHBIMM Ha IMOBBIIICHUE
0JIaroCOCTOSIHUST Ka3aXCTaHCKUX TpaxaaH DOHJ penimi yneinuTb 0C000€ BHUMAaHHUE
HayKe, MOCKOJIbKY OHa SIBJISIETCS YacThlO OOIINECTBEHHOW KYJIBTYPhI, & YPOBCHb €€
pa3BUTHS ONPEIETAET YPOBEHb Pa3BUTHUS FOCYIapCTBA.

[lonnepxkka @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 COTPYJAHHUKOB BBICHIMX Y4YEOHBIX 3aBEJCHHUN W
HAy4HO-UCCIIEA0BATENbCKUX MHCTUTYTOB HALLIEN CTPAHBI SIBJISETCS HE MEHEE 3HAYMMBIM
BKu1ajjoM DOH/IA B pa3BUTHE Ka3aXCTAHCKOTO OOIIEeCTBA.

C yBakeHunem,
baarorBopuresbHblii ®oHa «XaabIK»!



Bac penakrop

ZKYPBIHOB Mypar 7KypbIHYJIbI, XUMHA FRUIBIMIAPBIHBIH TOKTOPHL, Ipodeccop, KP ¥FA akagemuri,
«Kazakcran Pecryonukacel ¥ ITThIK FhUTIM akajemusicby PKb-win npesuaenti, AK «JI.B. Cokonbckuit
aTBIH/AFI OTBIH, KaTaln3 jKOHE HIEKTPOXUMHS MHCTHTYTHIHBIH» Oac mupextopsl (AmMarel, Ka3akcTan)
H=4

FruibivMu xaTuibl

ABCAJIBIKOB BaxbiT Hapukdaiiyabl, TeXHHKa FBUIBIMIApBIHBIH JOKTOPHI, podeccop, KP ¥FA

JKayanThl XaTIbIchl, A.b. BekTypoB aTbIHIaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakuusaablK ajdka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopAblH OpbIHOAcaphl), T'€OJOTHSI-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, Tpodeccop, KP ¥YFA akamemwuri, «Y.M. AxwmencaduHa aTbIHIArbl
THIIPOTEOIOTHS KOHE TCOIKOIOTH MHCTUTYTHIHBIHY» TUPEKTOpHI (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpbIHOAcapbl), TIeOJOTrUs-MHHEPAIOTHs
FBUTBIMJIAPBIHBIH TOKTOPEI, mpodeccop, K.M. CarmnaeB ThIHIAFBI T€OJNIOTHS FHUIBIMAAPH HHCTUTYTHIHBIH
nmupektopsl (Anmarel, Kazakcran) H=2

CHOY /[Iaunen, Ph.D, kaysiMaacteipbutran npogeccop, Hebpacka yansepcuretinia Cy FBUIBIMAAPHI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJIBTMAH Peiimap, Ph.D, TaOuru Tapux MmypaxalblHbIH JKep Typajisl FeUIBIMIAp OeriMiHze
TIETPOJIOTHS XKSHE Taiiiasibl Ka30aiap KeH OpBIH/APBI CaachIHAAFEl 3epTTeyinepain kerekmrici (JIonmon,
Anrnus) H =37

MMAH®HWJIOB Muxauna BopucoBud, TeXHHKa FHUIBIMIAPBIHBIH JOKTOPBI, HaHch yHHBEpCHTETIHIH
npodeccops! (Hancu, @panmms) H=15

HIEH IMun, Ph.D, KpITaii reoorusuibIK KOFaMbIHBIH Tay T€0JIOTHSICHl KOMUTET] TUPEKTOPBIHBIH OPbIH-
Oacapbl, AMEpUKaH/IBIK YKOHOMHUKAJIBIK T€OIOTTap KaybIMAacTeIFbIHBIH Mymeci (Ilexun, Kpirait) H = 25

OUIIEP Axcean, Ph.D, [Ipe3neH TeXHUKAIBIK YHHBEPCUTETIHIH KaybIMIACTBIPBUIFAaH POpeCcCcophl
(dpesnen, bepmun) H=6

KOHTOPOBHUY Aujexceii IOMHIbeBUY, T'COJOIHS-MUHEPATIOIUs FbUIBIMIAPBIHBIH JIOKTOPBL,
mpodeccop, PFA akagemuri, A.A. Tpodumyka aTbIHOaFrsl MyHai-ra3 TeolOTHACH XoHE Teodusnka
nucrutyThl (HoBocubupcek, Peceit) H = 19

ATABEKOB Baagumup EHoxoBUY, XMMUS FRUIBIMIAPBIHBIH JOKTOPEI, benapycs ¥FA akagemuri,
JKana MaTepunaniap XMMHUSICBI HHCTUTYTBIHBIH KYpMeTTi JupekTopsl (Munck, Bernapycs) H = 13

KATAJIUH Credan, Ph.D, JIpe3nes TexHUKaIbIK YHIBEPCUTETIHIH KaybIMAACTBIPBUIFAH PO eCCOphI
([pesnen, bepimmu) H =20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOT s FHUTBIMAAPBIHBIE JIOKTOPBI,
npodeccop, KP ¥FA koppecnonnent-myteci, K.M. Carnaes atbiaaarbl [ €00rus FoUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyici (Anmarsl, Kasakcran) H=11

CAFBIHTAEB Kanaii, Ph.D, xaysimaacteipsurran npogeccop, Hazapbaes ynusepcureri (Hyp-
Cyurran, Kazakcran) H = 11

®OPATTUHMU Maomo, Ph.D, bukokk MunaH yHUBEpCHTETI KaybIMIACTHIpbUIFaH podeccops! (MuaH,
Wranus) 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€0102Us, MYHAL HCIHE 2a30bl OHOEYOTH XUMUAILIK 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'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuenT POO «HaunonansHol akagemun Hayk Pecriyonukn Kasaxcran», renepanbubiii aupexrop AO
«MHCTUTYT TOTUMBA, Kataiu3a U anekTpoxumun uM. J1.B. Coxonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBII cekpeTrapb

ABCAJIBIKOB BaxbiT Hapuk6aeBu4, TOKTOp TEXHHYECKHX HAyK, Mpogeccop, OTBETCTBECHHBIN

cexperaps HAH PK, UuctuTyT Xumnueckux Hayk uM. A.B. Bexryposa (Anmarel, Kazaxcran) H=15
PenakxnuunonHas KoJgJerus:

ABCAMETOB Manuc KyapicoBud, (3aMeCTUTENb TNIABHOTO PEAAKTOPA), JOKTOP FEOIOrOMUHEPAIIO-
THYECKHUX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTAa THAPOTEOIOTUU U TEOIKOTOTUH MIM.
VY.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB T'epoii ’KoaraeBu4, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEPAO-
IMYeCKuX Hayk, npodeccop, mupekrop MHcruryra reonmorndeckux Hayk nm. K.M. CarmaeBa (Anmarsl,
Kazaxcran) H=2

CHOY JIpuued, Ph.D, acconmupoBanublii npodeccop, nupextop Jlaboparopun BOIHBIX HAYK YHUBEP-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJIbTMAH Peiimap, Ph.D, pykoBoauTens ucciaeJ0BaHUN B 007aCTH METPOJIOTHU U MECTOPOKICHHUN
MOJIe3HBIX HCKomaeMbIx B OTaene Hayk o 3emie Myses ecrectBernHo uctopuu (Jlonnon, Aurmus) H = 37

MMAH®HUJIOB Muxaua BopucoBud, J0KTOp TEXHHYECKUX HayK, mpodeccop YHuBepcutera Hancu
(Hancu, ®panmms) H=15

HIEH ITun, Ph.D, 3amecturens nupexropa Komutera o ropHoii reosiornn Kuraifckoro reooruueckoro
oOmiecTBa, 4WieH AMEpPUKaHCKON acconuanuu skoHomuueckux reonoros (Ilexkun, Kurait) H = 25

OUIIEP Axcenn, accoumupoBanHblii npodeccop, Ph.D, texumueckuil yHuBepcurer Jlpesnen
(dpesnen, bepmun) H=6

KOHTOPOBHUY Auekceii DMUIbeBUY, JTOKTOP I'C€OJIOrO-MHHEPATIOTHYECKUX Hayk, mpodeccop,
akanemuk PAH, MuctuTyT HedrerasoBoit reomoruun u reodusukn um. A.A. Tpopumyka CO PAH
(Hosocubupck, Poccus) H=19

ATABEKOB Baaaumup EHokoBHY, TOKTOp XMMHYECKUX HayK, akaneMuk HAH benapycu, moueTHsii
nupekTop MHctutyta Xumun HOBBIX MarepuaiioB (Munck, benapycs) H = 13

KATAJIUH Credan, Ph.D, accounuposanusiii nmpodeccop, Texuuueckuit yausepcuret (pesnes,
Bepmun) H =20

CEMTMYPATOBA Diieonopa KOcynoBHa, J0KTOp re0I0ro-MHHEPATOrHUECKHX HayK, podeccop,
unen-koppectionienT HAH PK, 3aBenyromas naboparopun MuctutyTa reonorndeckux Hayk nm. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CATUHTAEB Kanaii, Ph.D, accorunpoannslii npodeccop, Hazapbaes ynusepcurer (Hypcynran,
Kazaxcran) H =11

®PATTUHU Iaoao, Ph.D, accoumupoBanHbIi npodeccop, MuigaHCKHil yHUBEpPCUTET BHKOKK
(Mumnan, Utamus) 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 HaykK
Pecny6onmkn Kazaxcram» (r. AMarsr).
CBUJIIETENILCTBO O MOCTAHOBKE HA YYET NMEPHOJMYECKOro medaTHoro minanus B Komurere mHpOpManuu
MunncrepcTBa HHGOpMAIHK 1 001ecTBeHHOr0 pa3Butns Pecrryoimku Kazaxcran Ne KZ39VPY 00025420,
BblianHoe 29.07.2020 I
Temarudeckass HaIpaBICHHOCTb: 2e0n02Us, XUMUYeCKue MexXHON02Ul nepepabomKu Hemu u easa,
Heghmexumus, MmexHoN02UU U361eYeHUs MEMANN08 U UX COeOeHeHU].
IlepuoauyHocTs: 6 pa3 B rof.
Tupax: 300 sK3eMILIAPOB.
Anpec penakiuu: 050010, . Anmars, yi. [lleBuenko, 28, od. 219, ren.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© POO «HanmonanbHas 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

ZHOLTAEV 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

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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Abstract. The methods of separate processing of fine kaolinite fractions of gibbsite-
kaolinite bauxites have been studied, including: preliminary thermochemical transformation,
combined processing by Bayer hydrochemistry and hydrochemical processing with preliminary
chemical activation. The preliminary thermal transformation was carried out by pre-firing.
When using recycled aluminate solutions of the Bayer branch for leaching, solutions suitable
for the extraction of AI(OH), by decomposition were obtained. The extraction of Al,O, into the
leaching solution was 70 %. For the hydrochemical processing of leaching sludge in the Bayer
branch, a method for obtaining the active form of a calcium additive has been developed.
The extraction of AI(OH), in the Bayer branch was obtained by 38.0 % and by 87.2 % in the
branch of hydrochemical sludge processing. The total recovery was 92.06 %. As a result of
preliminary chemical activation in a solution of sodium bicarbonate, a complete transformation
of the phase composition occurred: the phases of gibbsite, kaolinite, quartz disappeared and
the phases of sodalite, dawsonite and boehmite were formed. After hydrochemical leaching in
a high-modulus solution with the addition of an active calcium additive, a dump sludge and
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a medium-modulus solution were obtained, while the extraction of Al O, into the solution
was 89.5 %. According to the research results, the choice of technology for processing fine
fractions by various hydrochemical methods depends on the specific production conditions —
the availability of existing equipment and the amount of modernization.

Keywords: gibbsite —kaolinite bauxite, kaolinite, fraction, processing, thermochemical
transformation, hydrochemistry, chemical activation, leaching, decomposition, sludge,
calcium additive, dawsonite
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AnHoTtamus. ['MOOCHT-KAONMMHUT OOKCUTTEpiHIH YCaK JUCHEPCTI KaOJWHUT
(bpakiusapblH JKeKe OHAEY oficTepi: alfblH ala TEePMOXHMUSIIBIK TpaHc(opmaius,
Baiiep — ruapoxumust OOHBIHIIIA apallac OHJCY KOHE aNJIBIH ala XUMHSIIBIK aKTHBAIUSIMEH
THIPOXVMHSUTBIK ~ OHACY JKYMBICTapblHA 3epTTeyiep I Kyprizimmi. TepMOXUMUSIIBIK
TpaHc(hOpMAaNUSHBI aJ/IBIH ajla KYWipy apKbUIbI JKy3ere achlpsiiibl. llaliManay yiriH kaiita
OHJICJITEH ATFOMHHHN epITIHAUIEpiH TNaiinananraH ke3ue baiiep TapmakrTapblHIA BIABIPAY
snicimen Al(OH), amyra sxapamabl epitinainep ansinansl. [lakimanay epitinaicine Al O, amy
70 % xypansl. baiiep TapmarbIHAAFbI CUITUICY HITAMBIH THIPOXUMUSUIBIK OHCY YIIIH KalbLni
KOCTIaChIHBIH O€JICeHII TYPIiH ajy ojIici »acaJbl. Al(OH)3 Baitep Tapmarbinaa 38,0 % - ra
JKOHE IIaM/[Ibl TUAPOXUMUSUIBIK ©HJey TapMarbiHiaa 87,2 % - ra anbiabl. JKannsl any 92,06
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% Kypaapl. AIJBIH alla XUMUSIIBIK OCIICEHIIPY HOTIIKECIHAEe HATPUN THAPOKApOOHATHIHBIH
epiTiHiciHAe (a3anblK KYPaMHBIH TOJBIK TpaHC(HOpPMAIUACH OOJIbI: THOOCHT, KAOJIHHUT,
KBapI[ (azaymapbl KOFAIBIN, COMANUT, JAyCOHUT XoHe OeMuT (azamapbl maiimga OOJIbL
bencenni kampIwii KOCHAChIH KOCHIM, JKOFApbl MOJYJB/AL EPITIHIIAE THAPOXUMHSIIBIK
IIaiiMarnayJad KeWiH IJJaM MeH OpTalia MOJIYJbIl epiTiHII albIH/bI, all epiTiHaire A1203
aiy 89,5 % Kypaabl. Op TYpi THIPOXUMUSIIBIK 9IICTEPMEH YCaK (paKkLUUsSHBI KaliTa OHIeY
TEXHOJOTHSCHIH TaHJAAyAblH 3epTTey HOTHXKEJepl OHMIPICTIH HAKThl KarjaiiapblHa —
KOJIJIAHBICTAFbI J)KA0IBIKTHIH OOJTyBIHA JKOHE MOJICpPHU3AINS KoJleMiHe OalTaHbICThI.

Tyiiin ce3mep: ruOOCUT-KAOIMHUT OOKCUTTEPl, KAOJIMHUT, (PpaKius, KaTta eHeY,
TEPMOXUMMSIIIBIK TpaHchopMalys, THAPOXUMUS, XUMUSUIBIK OeJICeHAIpY, CLITiNeY, BIABIpaY,
1uIaM, Kb KOCTIAChl, TayCOHUT
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AnHoTauusi. IlpoBeneHbl wHccnegoBaHMS CIOCOOOB OTAEIBHONW HepepaboTKu
MEJIKOJIUCIICPCHOM ~ KAaOMMHMTOBOH  (pakumii  ruOOCHT-KAOJIMHUTOBBIX  OOKCHTOB,
BKJTIOUAIOIIMX: TIPEIBAPUTENBHYIO TEPMOXHUMUYECKYIO TPaHC(HOPMALINIO, KOMOMHHUPOBAHHYIO
nepepadoTKy 1o baiiep — rHApOXUMHUN U THAPOXUMHUYECKYIO IEpepaboTKy ¢ IPEABAPUTEILHON
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XMMHUYeCKol akTuBanuel. [IpenBapuTenbHy0 TepMUYECKYIO TpaHc(OpMauuoo MpOBOAMIN
MyTeM HpeaBapuTesbHOro ookura. Ilpy ncrmonb30BaHUMU A BhILIETAaYMBAHUS 00OPOTHBIX
QIIFOMUHATHBIX PacTBOPOB BETBU baiiepa mosryueHsl pacTBOPBI, MPUTOJHbIEC JJISI U3BICUCHUS
Al(OH)3 METOJIOM JICKOMIIO3UIIMH. I/I3BnequI/IeA1203 BPAacTBOP BhILIEIAYMBAHMSI cCOCTABUIIO 70
%. g ruagpoxumMuyeckoii mepepaOoTKH MIjlaMa BhlleIauuBaHus B BeTBH baiiepa paspaboran
CIocO0 1OJTy4€HHs aKTUBHOM (OPMBI KasblneBoi 1o0aBku. [Tomyueno nspneuenne A(OH), B
BeTBH baiiepa Ha 38,0 % u Ha 87,2 % B BeTBU THAPOXUMUYECKOH mepepaboTku nutama. Odmiee
n3BiedeHne coctaBmwio 92,06 %. B pe3ynbrare npeaBapUTENIbHON XUMUUECKOH aKTHBALMU
B pacTBope TuapokapOOHaTa HATpus MNpOHM30LUIa IMosHas TpaHchopmanus (Ha3oBoro
cocraBa: mcue3nn (a3pl THOOCHUTA, KAONMHUTA, KBapla W OOpazoBaiucCh (pa3bl COMAIHTA,
naycoHuta u Oemuta. [lociie THIPOXUMHYECKOTO BBIIIECTAYMBAHHUS B BBICOKOMOAYJIEHOM
pacTtBope ¢ A00aBJICHHWEM AKTUBHOM KaJbLMEBOM NOOABKH IMOJYYHMIIM OTBAJbHBIM IIJIaM
U CPEHEMOJYIIbHBIA pacTBOp, npu 3>ToM u3Biedenue Al O, B pactBop cocrasuio 89,5
%. Ilo pesynabpraTaM HCCIEIOBAHHH BBIOOP TEXHOJOTHM NEpepabOTKH MENIKOAMCIEPCHON
($pakuuy pazIMYHBIME THAPOXUMUYECKUMH CIIOCOOAMHU 3aBUCUT OT KOHKPETHBIX YCIIOBUI
MIPOM3BO/ICTBA — HAJIMUMS CYILIECTBYIOIIET0 000py10BaHUS U 00beMa MOICPHU3ALIH.

KaroueBbie cjioBa: THOOCHT — KAOJWHHUTOBBIE OOKCHTHI, KAONUHHT, (Dpaxius,
nepepaboTka, TePMOXUMHUECKash TpaHcHOpMaIlHs, THAPOXUMHUS, XUMUYCCKas aKTHBAIWS,
BBIINIEIAUNBAHKE, ICKOMITO3HIINS, [IU1aM, KaJbIUeBas 100aBKa, 1ayCOHHUT

Introduction

The most simple and cost-effective method of processing bauxites is the Bayer
process grounding in leaching the bauxite based on binding silicon dioxide SiO, into sodium
hydroalumosilicate (SHAS), which constitutes the major portion of the insoluble residue
known as red mud, which is then disposed in a mud field (Medvedev, Akhmedov, 2014;
Ibragimov, Budon, 2010). However, this method requires bauxites with a high silica modulus
(determined by the ratio of aluminum oxide to silicon dioxide) >7. During the processing of
low-grade, high-silica bauxites with a silica modulus 3—4, alkali and alumina oxide losses
become significant. Therefore, they are initially subjected to mechanical and chemical
enrichment through several stages to elevate them to a category suitable for Bayer process
treatment. Alternatively, sintering methods or alkali processes combined with sintering are
applied (Ibragimov, Budon, 2010; Dubovikov, Yaskelyainen, 2016; Danczuk, Belousova,
2019; Dubovikov, 2012).

Preliminary chemical enrichment of bauxites with separation of excess silica
(desiliconization) is carried out by leaching in a low-concentrated alkaline solution containing
Na,O - 100-150 g/dm? (Ibragimov, Budon, 2010; Dubovikov, Yaskelyainen, 2016).

Gravity enrichment of bauxites is achieved by separating the kaolinite fraction through
water washing simultaneously with grinding, dividing the resulting slurry on hydrocyclones
in multiple stages, leaching the sands after separation in the Bayer branches, extracting sands
from the overflow, and subsequently sending the sands for sintering (Synkova et al., 2004).
In this process, the slurry separation is carried out in at least three stages, directing the sands
from the last stage to sintering, and subjecting the sands from all previous stages to leaching.
The overflow from the last stage is removed from the process. The slurry separation at all
stages is carried out in battery hydrocyclones, with a decreasing diameter at each successive
stage. The number of stages is determined by the total content of kaolinite and goethite in the
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overflow of the last stage, which is no less than 40 %. The method allows for the enrichment of
bauxite by removing the most finely dispersed fraction, primarily kaolinite and goethite, from
the process. This leads to a reduction in losses of aluminum hydroxide and alkali, as well as a
decrease in flocculant consumption and loading of sintering furnaces. The isolated sands are
leached into the Bayer branches. However, the method does not involve the processing of the
fine-dispersed clay kaolinite fraction.

The sintering process involves sintering of bauxite with limestone and soda in rotating
furnaces at the temperature of 1100—1200 °C, during which silicon dioxide binds into insoluble
calcium orthosilicate 2Ca0-SiO,. This process requires significant fuel and electrical energy
expenditures, it is carried out with substantial labor and operational costs, and accompanied by
a notable environmental impact on the air basin. The sintered material is subjected to leaching
by a combination of water with the mother or circulating soda-alkaline solution. The solid
residue is environmentally harmful and unsuitable for disposal (Dubovikov et al., 2018).

According to the combined Bayer and sintering process, the bauxite raw material is
initially entirely fed into the Bayer branch for leaching. The resulting red mud is separated
from the aluminate solution and then sintered with limestone and soda at the temperature of
900-1100 °C (Ibragimov, Budon, 2010). The sintered material undergoes leaching, resulting in
the extraction of aluminate solution and the generation of waste mud unsuitable for disposal.
This method is ineffective, time-consuming and environmentally harmful.

During the processing of kaolinite ores using the alkaline method, a preliminary
operation is conducted to enhance the reactivity of kaolinite. This involves transforming
the phase composition through heat treatment, resulting in the conversion of kaolin into
metakaolin. Metakaolin can then be easily leached to extract alumina oxide (ElDeeb, 2019).
The disadvantage of the thermal transformation of kaolinite ores is also the high energy
intensity of the process.

There is a hydrochemical process known as the Ponomarev-Sazhin process
(Ibragimov, Budon, 2010), in which the sintering process of red mud is replaced by the
hydrochemical leaching of the mud in autoclaves at temperatures of 280-300 “C. This method
utilizes a concentrated high-modulus aluminate solution (Na,0O_ >450 g/dm’, o 30) with
the addition of lime to produce calcium monosilicate CaO-SiO,-2H,0. The method was not
implemented due to the lack of corrosion-resistant high-pressure equipment and high thermal
energy consumption.

Unlike the Ponomarev-Sazhin process, for hydrochemical-hydrogarnet technology,
high-modulus aluminate solutions of medium concentration are used for the processing of high-
iron bauxite for the leaching of red mud - not higher than 200 g/dm* Na O _ with the addition
of lime to form hydrogarnets (3 CaO-Al,0,-6H,0 u 3 CaO-Fe,0,-6H,0) at temperatures of
230-235°C. The successful implementation of the process requires the presence of a sufficient
amount of calcium hydroxide in the reaction medium, the presence of a solution with an
adequate mass of free silicon ions, and an active iron-containing phase (Bekturganov et al.,
2015).

The basis for the conducted research was the absence of high-quality bauxites in
Kazakhstan, making the Pavlodar Aluminum Plant (PAP) of JSC «Aluminium of Kazakhstan»
to use gibbsite-kaolinite bauxites from the Krasnogorsk deposit in the production for the
sequential Bayer and sintering process. These bauxites are characterized by a low silicon
modulus. Bauxites are processed using the combined alkali Bayer and sintering process
without prior enrichment, involving the separation of the fine-dispersed clay kaolinite fraction
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refractory in the Bayer branch. This makes the production marginally profitable. The paper
explores potential methods and ways to improve the technologies for the separate processing
of the fine-dispersed kaolinite fraction (FDKF) of bauxite after its preliminary separation,
allowing for a significant reduction in the amount of material sent to sintering.

Materials and reserch methods

Materials and reserch methods

X-ray fluorescence analysis was performed on Venus 200 PANalyical B.V. spectrometer
with wave dispersion (PANalyical B.V., the Netherlands).

The chemical analysis of samples was performed on Optima 2000 DV ICP optical
emission spectrometer (USA, PerkinElmer).

X-ray experimental data were obtained on BRUKERD8 ADVANCE using copper
radiation at an accelerating voltage of 36 kW, current of 25 mA.

The IRS-analysis was obtained using the Avatar 370 IR-Fourier spectrometer.

The micrographs were taken on a scanning low-vacuum electron microscope with a
thermionic cathode (LaB6) JSM-6610LV manufactured by JEOL.

The thermal transformation of FDKF was carried out by calcination at the temperature
0f 900-1000 °C for 2 hours in a tubular rotary furnace.

The chemical enrichment of FDKF was carried out in a reactor, while stirring in the
solution with 100 g/dm3 Na2Oca at the temperature of 100 °C, L:S =6:1 and duration of 2
hours.

The leaching of FDKF in the Bayer branch was carried out in an autoclave at the
temperature of 105-110 °C, duration of 4 hours, and L:S ratio = 4:1 in the circulating alkaline-
aluminate solution of the PAP with the following composition, g/dm*: A1,0,118,3; Na,O,
256,7;Na,O_, 30,7, Na,O_ 226,0; a  =3,14 units.

To desilicate the liquid phase, the leaching slurry in the Bayer branch was diluted with
distilled water to Na,O_  of 120 g/dm® and subjected to agitated holding at the temperature
of 105 °C for two hours.

Hydrochemical leaching of the mud in the Bayer branch and the FDKF after
thermochemical transformation was carried out with the addition of the active form of calcium
oxide in the high-modulus solution (HMS) of the composition, g/dm’: Na,O_  245.0;Na,O_
11.4; AL,O, 13.43; SO, 4.23; Si0, 0.024; a_ = 30.0. At the temperature of 240 °C, duration
of 4 hours and L:S ratio = 4:1 and CaO/SiO, ratio = 1.5.

The active form of calcium oxide was obtained in the solution containing 20 g/dm?
Na SO, at the temperature of 200 °C and duration of 2 hours.

The particle size analysis of slaked lime was carried out using Laser Particle Size
Analyzer Winner 2000 of Photocor series. The measurement principle of this analyzer is based
on the method of static and dynamic light scattering.

The decomposition of tricalcium hydroaluminate (TCHA) was conducted according
to the technology (Gladyshev et al., 2012) with the concentration of Na,O_ , ranging from 140
to 160 g/dm’, temperature of 180 °C, leaching duration of 90 minutes in an autoclave, and L:S
ratio =4:1.

The calculation of the extraction of ALO, and SiO, into solution was carried out
according to the formula:

Accepted designations:
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Pf'Cf °

ey

o s a caustic module;
U 1s a silicon module;
1s a caustic alkali;

«, — Carbonate alkali;

. 1s the total alkali.

The caustic modulus was determined from the ratio of 1,645 - Na,O/Al O,

The silicon modulus (p ) of samples was determined from the ratio of A1,O,/SiO,.

Discussion of the results

Gibbsite-kaolinite bauxites of the Krasnogorsk deposit of the Republic of Kazakhstan
served as the raw material for the research.

Chemical composition of bauxite, % wt: Al O, 42,0; SiO, 11,5; Fe,O, 19,5; CaO 1,08;
Na, 0 0,22; MgO 0,18; K,0 0,03; TiO, 2,05; SO, 0,24; C1 -~ 0,04; g, 3,65.

The phase composition of bauxite is represented by, %: gibbsite 54.95; kaolinite 15.19;
siderite 60.9; quartz 5.1; calcite 5.07; hematite 4.89; titanium oxide 4.88 and dolomite 3.82.

The separation of the finely dispersed kaolinite fraction (FDKF) was carried out using
the gravity enrichment method through water elutriation, separating the light clay fraction
from the heavy sandy fraction. As a result of water elutriation, a coarse-crystalline sandy
fraction and the fine-dispersed kaolinite fraction (FDKF) were obtained, with yield of 62%.

The chemical composition of the sand fraction, % wt: Al O, 42,0; SiO, 9,65; Fe,O,
19,9; CaO 1,1; Na,0 1,06; MgO 0,19; K,0 0,02; TiO, 2,3; other products (0.p.) 23,38; uSi
4,35.

The chemical composition of the FDKF, % wt: Al O, 38,8; SiO, 19,6; Fe,O, 16,96,
CaO 1,45; Na,0 0,187; MgO 0,26; K,0 0,06; TiO, 3,2; pp 19,24; uSi 1,98.

The X-ray phase composition of the sand and FDKF bauxite is presented in the Table

caust

1.

Table 1. X-ray phase composition of bauxite fractions

Content, %
Name Formula Sand fraction FDKF

Gibbsite Al(OH), 47.5 39.5

Kaolinite-1A AlSi,0,(OH), 6.2 28.6
Siderite FeCO, 7.7

Quartz Sio, 5.1 6.0

Hematite Fe O, 10.6 18.2

Titanium Oxide TiO, 7.5 7.7
Dolomite CaCO;°MgCOs 10.2
Calcite CaCO:s 52

Microphotographs and electron microscopic analysis of the gravity enrichment

fractions of the original bauxite are shown in Figure 1.
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Figure 1. Micrographs and electron microscopic analyses of bauxite fractions

The separated sandy fraction of bauxite obtained through gravity enrichment, after
undergoing the chemical enrichment to increase the silicon modulus, is processed in the Bayer

branch (Dyussenova et al., 2022).
For choosing a technology of processing the FDKF, research was conducted on the

feasibility and improvement of alternative methods, including:

- preliminary thermochemical transformation, chemical enrichment, leaching in the
circulating solution in the Bayer branch, desilication, and decomposition;

- combined processing under the Bayer process - hydrochemistry;

- hydrochemical processing with preliminary chemical activation.

The processing of the FDKF according to the method involving preliminary
thermochemical transformation and chemical enrichment was carried out following the

technological scheme presented in Figure 2.
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Figure 2. Technological scheme of processing the FDKF with preliminary thermochemical transformation and
chemical enrichment.
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This technology includes the thermal transformation of FDKF by pre-calcination at
temperatures of 900—1000 °C. The aim of which was to obtain a chemically stable aluminum-
containing corundum phase, preventing the transition of Al O, into the alkaline solution and
ensuring the maximum dissolution of amorphous SiO,.

Reactions of thermal transformation of aluminum hydroxide:

200° 300-400°  Boehmite and 500°

b b _
Al(OH); amorphous
Non-transparent

. alumina oxide
aggregation

600-900"  y-AkOzand residues  1000-1100° Start of transit into
_—

amorphousalumina
—n>
of amorphous a-Al03

oxide and y-Al203
oxidate

The X-ray phase composition of the FDKF, depending on the calcination temperature, is shown in Table 2.

Table 2. Phase composition of the FDKF depending on the calcination temperature

Name t. | 900 | 950 1000
Content, %

Gibbsite AI(OH), 29.5 - - -
Hematite Fe,O, 13.1 48.3 34.6 34.4
Siderite FeCo, 3.3 - - -
Dolomite CaMg(CO,), 8.6 - - -
Titanium Oxide TiO, 7.7 10.2 10.4 7.7
Kaolinite-1A AL, Si,0 [ 28.6 - - -
(OH),
Calcite CaCO, 3.2 - - -
Quartz SiO, 6.0 8.9 11.8 12.7
Corundum - 17.9 243 26.6

The results of the phase analysis showed that after calcination, the corundum phase
appeared, and the phases of gibbsite, kaolinite, siderite, calcite and dolomite disappeared.
There was a disruption in the crystalline structure of the samples. The content of the X-ray
amorphous part in the FDKF at calcination temperatures was as follows: 900 °C —34.3 %; 950
°C —40.0 %; and 1000 °C —45.5 %.

The results of chemical enrichment of the FDKF after thermal transformation are
presented in Table 3.
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Table 3. Results of chemical enrichment of the FDKF after thermal transformation

FDKF after | Solid phase content, % M, Extraction into

calcination at the solution, %

temperature, °C - INa 0 [ALO,  [Si0, [Fe0, [op. Si0, | ALO,
900 4.54 50.98 14.71 2246 |7.31 3.47 51.0 0.28
950 3.657 52.95 13.03 23.16 7.2 4.06 58.8 0.24
1000 3.41 53.32 12.84 23.16 | 7.27 4.15 58.5 0.24

The preliminary thermal transformation of the FDKF allowed for an extraction of
silica in the solution of over 50.0 % during the chemical enrichment. The alkaline silicate
solution can be used to produce silicate products (Pyagai et al., 2023).

After the chemical enrichment, the FDKF was leached in the Bayer branch in the
circulating aluminate solution. The compositions of the solid and liquid phases of the leaching
slurry are shown in Tables 4 and 5.

Table 4. Composition of the solid phase of the FDKF leaching slurry in the circulating solution

FDKF after Solid phase content, % Extr. ALO,

calcination at the :

temperature, °C Na,0 | ALO, 510, Fe,0, op: into solution, %
900 16.95 21.403 21.869 30.986 8.7 67.6
950 15.82 27.731 21.483 25.778 9.2 77,4
1000 12.44 33.053 17.486 27.875 9.1 61.15

Table 5. Composition of the liquid phase of the FDKF leaching slurry in the circulating solution

FDKEF after Content, g/dm? o e

calcination at the - units
temperature, OC AIZO3 NaZOl NaZOcal’b NaZOcausl SIOZ

900 176.9 201.76 20.26 181.5 1.200 1.69

950 177.3 203.27 23.27 180.0 1.190 1.67

1000 177.07 203.27 24.77 178.5 1.200 1.66

After dilution and agitative holding of the leaching slurry, aluminate solutions and the solid phase, the red mud (as
indicated in Tables 6 and 7), were obtained.

Table 6. Composition of aluminate solutions after agitation holding of the leaching slurry of the FDKF

FDKF after Content, g/dm? o,
calcination at the B units
Al N N N
temperature, OC 203 aZOl aZOcarb aZOcaust SIOZ
900 113.2 138.52 21.52 117.0 0.70 1.70
950 113.1 129.49 13.99 115.5 0.76 1.68
1000 117.64 130.99 10.99 118.0 0.700 1.65
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Table 7. Composition of the red mud

FDKF after
calcination at the
temperature, °C

Content, %

Na,O

2

ALO

273

SiO

2

Fe O

273

0.p.

Extr. ALO,

into solution, %

900

16.28

22.057

22.44

30.31

8.9

63.8

950

15.35

22.947

21.19

31.50

9.01

70.0

1000

13.48

30.286

18.70

29.19

8.34

52.7

The X-ray phase analysis of the red mud is shown in Figure 3.
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Figure 3. X-ray diagram of the red mud of the diluted slurry of the FDKF after the agitation holding

The analysis of the results of processing the FDKF using a technology that includes
thermal transformation, chemical enrichment and autoclave leaching in a circulating alumina-
alkali solution showed that the optimal processing conditions involve pre-calcination at
the temperature of 950 °C. Under these conditions, the extraction of ALO, in the leaching
solution reached 70 %, and aluminate solutions with o = 1.65-1.7 were obtained, suitable
for extracting AI(OH), through the decomposition method (Savchenko, Savchenko, 1999).
The low extraction of AL,O, in the solution during leaching can be explained by the presence
of the chemically stable corundum phase obtained during calcination.

At the next stage, the possibility of applying a combined Bayer and hydrochemistry
process for processing the FDKF was investigated (Figure 4). The novelty of the technology
lies in the use of an active calcium additive for the hydrochemical processing of the Bayer
branch’s mud, which has enabled the reduction in a required concentration of the high-modulus
alkaline leaching solution to 240 g/dm® Na,O.
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Figure 4. Processing of the FDKF using the combined Bayer and hydrochemistry process with an active
calcium additive

As a result of leaching the FDKF in the Bayer branch and desilication, an aluminate
solution suitable for extracting AI(OH), through the decomposition method was obtained with
the following composition, % wt: AL,O, 105,09; Na,O, 130,5; Na,0_ 15,0; Na,O_ 115,0;
o .= 1,8 units. The extraction of AL,O, reached 38.0%.

The chemical composition of the red mud of the Bayer branch leaching is presented
by, % wt: AL,O, 22,3; SiO, 23,5; Fe,0, 30,4; Na,O 16,1; 0.p. 7,7.

The red mud of the Bayer branch was processed by hydrochemical autoclave leaching
in the high-modulus aluminate solution with addition of the active form of calcium oxide. In
contrast to the known hydrochemical method for processing high-iron bauxites, where the
required amount of calcium oxide is determined based on CaO/Fe O, ratio (Ibragimov, Budon,
2010), in the conducted studies for processing the high-silica FDKF, a fine-dispersed active
form of calcium oxide in the form of slaked lime powder was used in quantity necessary to
achieve CaO/SiO, ratio =1.5 in the slurry.

The activity of slaked lime powder depends on its surface area, the extent of which
determines its dispersity. The production of fine-dispersed active calcium additive was carried
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out by slaking CaO under elevated pressure at the temperature of 200 °C for duration of 2
hours. When slaking CaO in water, the number of powder particles less than 1 um was about
80 %. As a result of slaking CaO in the solution containing 20 % Na,SO,, the proportion of
lime powder particles with size of less than 1 um reached 94.7 % (see Table 8 and Figure 5).
Increasing the slaking temperature above 200 °C did not result in increase in the number of
particles of lime powder less than 1 um. When slaking CaO at the temperature of 20 °C, the
particle size of slaked lime powder finer than 1 pm amounted to only 40-50 %.

Table 8. Structure of the slaked lime powder obtained at the temperature of 200 °C, in 20 % Na SO, solution

Temperature, °C Duration, hour Particle sizes, nm % > particles
less than 1000
nm
0.506 0.4
94.7
4.82 5.1
200 2
153.6 89.2
2.6*%10° 53
Data and Fitted Curve Solution
1
AT i
0,184 =6
0163 0-8
0.1 =75
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0.1 B85
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0.04— 0.2+
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Figure 5. Structure of the slaked lime powder obtained at the temperature of 200 ° C, in 20 % Na,SO,

solution
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The achievement of a more fine-dispersed structure of slaked lime powder when using
Na SO, solution can be explained by the presence of CaSO,, which hinders the agglomeration
of calcium hydroxide powder.

Under normal conditions and atmospheric pressure, calcium oxide does not interact
with sodium sulfate. However, under the specified conditions and increased pressure, the
presence of calcium sulfate in the slaked lime was detected through X-ray phase analysis and
infrared spectroscopy, amounting to 3.5 % (see Figure 6).
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Figure 6. X-ray diagram of lime milk with calcium sulfate content

The analysis of lime powder - the slaked lime by infrared spectroscopy (Figure 7)
showed the presence of the following phases:

Ca(OH),- 3643 cm™ (Ni, Khalyapina, 1978; Yurchenko et al., 1981).

Monohydrocalcite CaCO,.H,O — 3422, 1794, 1477, 1431, 1084, 875, 859, 714, 700
cm™' (Yurchenko et al., 1981).

Group [SO,]* - 1139 cm™ (Yurchenko et al., 1981; Pakhomov et al., 2017).

Gypsum CaSO, - 2 H O — 3500, 1139, 999, 670 cm™ (Yurchenko et al., 1981);

Calcoxite CaO — 542, 420 cm™ (Amayri et al., 2004).

Valence vibrations vCa—O - 319 cm™ (Little, 1969).

Valence vibrations vMg—O - 542, 388 cm™ (Little, 1969).
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Figure 7. Infrared spectrum of the active form of lime milk with calcium sulfate content

As a result of leaching, the medium-modulus aluminate solution (MAS) and the mud
were obtained with the following composition, % wt: Na O 2,9; AL, O, 13,67; SiO, 20,35; CaO
28,49; Fe,0, 24,37; TiO, 4,1; 0.p. 6,12.

The phase composition of the FDKF leaching mud is shown in Figure 8.
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Figure 8. X-ray diagram of the leaching mud

The chemical composition of the medium-modulus solution (MMS), g/dm?:
Na O _ 248,1;NaO_, 12,9;A10,-38.87;Si0O,0,1;a_ = 10,5.
Autoclave leaching of the FDKD in the high-modulus solution (HMS) using a fine-
dispersed active calcium additive made it possible to extract Al,O, into the solution of 87.2 %.
The regeneration of the MMS solution was carried out by the synthesis of tricalcium
hydroaluminate (TCHA) using Ca(OH), according to the reaction:
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Na O-ALO,+3 Ca(OH),+ 4H,0= 3Ca0-ALO,-6H,0 + 2NaOH (1

The synthesis of TCHA was carried out at the temperature of 100 “C for 4 hours,
with the addition of CaO from the stoichiometric amount of 100-120 %. The extraction of
ALO, in TCHA was 70.5 %. At the same time, a., of the resulting solution was 29.5 %. After
evaporation, the resulting HMS can be used as the circulating solution for leaching a new
portion of mud (Figure 4).

The chemical composition of TCHA, % wt: A1203 24.5; Ca0 50,3, o0.p. 25,2.

The phase composition of TCHA is shown in Figure 9.
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Figure 9. X-ray diagram of TCHA

To regenerate calcium oxide in form of CaCO, or Ca(OH),, as well as to extract A1, O,
into the aluminum-alkaline solution, TCHA was decomposed in soda solution. Decomposition
of TCHA in the system occurs according to the reaction:

3Ca0-Al0,'6H,0+6Na,CO,+H,0=3(CaCO,'NaCO,-2H,0)+Na,0-Al,O,+4NaOH+(n+2)
H,0 2)

As a result of the decomposition of TCHA, the extraction of AL,O, was 95.8 %.

The chemical composition of the decomposition solution of TCHA g/dm*: Na,O_ .
100,6, Na,O_ 39,1,A1,0,25,41,0_ =6,5.

The phase composition of the sediment from TCHA leaching is represented by, %:
calcite 88.5; hydrate 5.0 and hydrocarbonate 6.5.

The technology (figure for FDKF processing using the combined Bayer and
hydrochemistry process with the application of active calcium additive) involves extracting
Al(OH), from the solution through the decomposition of TCHA using the carbonization
method (Brichkin, Sizyakov, 2004).

Thus, the FDKF processing using the combined Bayer and hydrochemistry process
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with the application of active calcium additive made it possible to extract AI(OH), in the
Bayer branch by 38.0 % and in the branch of hydrochemical mud processing - by 87.2 %. The
total extraction was 92.06 %.

The possibility of applying the technology of hydrochemical processing of the FDKF
in the HMS, including preliminary chemical activation, has been investigated (Figure 10).
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Figure 10. Processing of the FDKF according to a method including the preliminary chemical
activation
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The novelty of the hydrochemical processing technology for the refractory
aluminosilicate material FDKF lies in the chemical activation and subsequent leaching in
HMS using an active calcium additive, allowing for a single-stage leaching.

The chemical activation of the FDKF was conducted according to the method (patent
for the ash 32333), involving thermochemical treatment in an autoclave, in NaHCO, solution,
at the temperature of 120 °C, for duration of 180 minutes. Under these conditions, there is
a complete transformation of the phase composition of the FDKF. Increasing the activation
temperature up to 200 °C resulted in the completion of phase transformation processes within
60 minutes. However, conducting the process under these conditions would require higher
energy consumption and the use of equipment operating at elevated temperature and pressure.

As a result of processing the FDKF, the phases of gibbsite, kaolinite and quartz
disappeared, and new phases such as sodalite, dawsonite, and boehmite were formed (Figure
11).
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Figure 11. X-ray diagram of the FDKF after chemical activation

After preliminary chemical activation, hydrochemical leaching of the FDKF was
carried out with the addition of the active form of calcium oxide to the HMS.
As a result of leaching, the waste mud and MMS were obtained. The extraction of
Al O, into the solution was 89.5 %.
The chemical composition of MMS, g/dm’: Na,0O_ 250,1; Na,0O_, 11,2; ALO, —
38,09; Sio, 0,15 o, = 10,8.
The chemical composition of the dump sludge, wt. %: Al,O, 5,74; SiO, 18,9; Fe, 0, 10,3; CaO
28,35, Na, O 1,1; TiO, 4,0 and 0.p. 31,61.
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The phase composition of the waste mud is shown in Figure 12.
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Figure 12. X-ray diagram of the waste mud

The MMS was processed using a similar method of synthesis and decomposition of
TCHA in soda solution and carbonation (Figure 10).

The results of studies on the possibility of using and improving alternative methods of
processing the FDKF bauxite are shown in Table 9.

Table 9. Characteristics of the FDKF processing methods

Name of the FDKF | Technological operations Extraction | Disadvantages | Advantages
processing method of ALO,

of i nt o
solution, %

Calcination | Chemical | Use

activation | an active
calcium
supplement
Preliminary + - - 70 Energy-|Obtaining
thermochemical consuming|a  silicate
transformation calcination, | product
low extraction
of ALO,
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Combined - + + 92.06 Two-stage | Possible use
processing  under leaching;|of existing
the Bayer process - necessary|equipment
hydrochemistry modernization | for the
of the existing | Bayer and
Bayer and | sintering
sintering|process;
production Reduction
of material
f 1 o w
directed to
autoclave

leaching

Hydrochemical - - + 89.5 Necessary | Single-stage
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Conclusions

The studies have been conducted on methods for separate processing of the FDKF
gibbsite-kaolinite bauxites, including: preliminary thermochemical transformation, combined
processing using the Bayer and hydrochemistry process, and hydrochemical processing with
the preliminary chemical activation.

The optimal conditions for the preliminary thermochemical transformation of
the FDKF is pre-calcination at the temperature of 950 °C. When using it for leaching the
circulating aluminate solutions of the Bayer branch, solutions with a_ = 1.65-1.7 were
obtained, suitable for extracting AI(OH), by the decomposition method. The extraction of
Al O, into the leaching solution was 70 %.

For the hydrochemical processing of the FDKF leaching mud in the Bayer branch, a
method has been developed for obtaining the active form of a calcium additive as a result of
slaking CaO in the solution containing 20 % Na SO,, the number of lime powder particles less
than 1 um was 94.7 %. The extraction of AI(OH), in the Bayer branch was obtained by 38.0
% and in the branch of hydrochemical mud processing by 87.2 %. The total extraction was
92.06 %.

Asaresultofthe preliminary chemical activation ofthe FDKF in sodium hydrocarbonate
solution at the temperature of 120 °C for 180 minutes, the complete transformation of the
phase composition occurred. Gibbsite, kaolinite, and quartz phases disappeared, while new
phases such as sodalite, dausonite and bemitite were formed. When the activation temperature
increases up to 200 °C, the phase transformation processes end within 60 minutes, however,
this leads to an increase in energy consumption and the need for appropriate equipment.

After the chemical activation of the FDKF, as a result of hydrochemical leaching in
the HMS with the addition of an active calcium additive, the waste mud and the MMS were
obtained, while the extraction of AL,O, into the solution was 89.5 %.

Thus, the possibilities of processing the FDKF through various hydrochemical
methods, including transformation techniques, chemical activation and use of active calcium
additives, have been investigated. The choice of technology depends on the specific production
conditions — the availability of existing equipment and the amount of modernization.
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