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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets
it apart from other research databases. The inclusion of News of NAS RK. Series of
geology and technical sciences in the Emerging Sources Citation Index demonstrates our
dedication to providing the most relevant and influential content of geology and engineering
sciences to our community.

Kaszaxcman Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

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

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

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

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

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

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

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

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

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX 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, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

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

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

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Cob6ctBennuk: Pecrybnukanckoe obmiecTBeHHOE 00bennHenne «HaronansHas akaxeMust Hayk
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BeIganHoe 29.07.2020 .
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http://www.geolog-technical.kz/index.php/en/

© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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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

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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R.A. Abdulvaliyev, M.N. Kvyatkovskaya, L.M. Imangalieva*,
A.l. Manapova

Satbayev University, JSC Institute of Metallurgy and Ore Benefication,
Almaty, Kazakhstan.
E-mail: leila.imangalieva@mail.ru

KAOLINITE RAW MATERIALS OF KAZAKHSTAN
AND THE METHOD OF THEIR BENEFICIATION

Abstract. The only enterprise in the Republic of Kazakhstan that produces
alumina is the Pavlodar aluminum plant, where low-quality bauxites of the
Krasnogorsky mine of the Krasnooktyabrsky deposit serve as raw materials.
Bauxites have a low flint modulus and high concentrations of iron and
carbonates impurities, which complicates the processing technology.

Kaolinite clays can serve as an additional source of alumina in Kazakhstan,
both as an additive to improve the sintering process of red sludge by reducing
the iron content, and for self-processing into alumina. The most promising
are kaolinite clays of the Alekseevsky deposit, however, when using standard
techniques, satisfactory enrichment results were not achieved.

Kaolinite clays are subjected to gravity enrichment before processing
into alumina, to increase the efficiency of which preliminary hydrothermal
treatment is used.

This study presents the results of gravitational beneficiation of kaolinite
clays of Alekseevskoe deposit, which includes hydrothermal pre-treatment in a
solution of sodium hydrogen carbonate. It is determined that after hydrothermal
treatment the yield of kaolinite fraction increases with increasing temperature,
duration and concentration of sodium hydrogen carbonate solution and does
not depend on L:S ratio.

After hydrothermal pre-treatment of clay the yield of kaolinite fraction
increased from 41.4 % to 59.3 % and dispersion of material.

The maximum yield of kaolinite fraction was obtained at temperature 150
°C, ratio L:S=10.0, duration of 300 minutes and concentration of sodium
hydrogen carbonate solution 120 g/dm?®.
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Key words: kaolinite, quartzite, fraction, silica module, hydrothermal
treatment, product yield.

P.A. Aonyasaaues, M.H. KaTkoBckasi, .M. UmanraiueBa*,
A.A. MananoBa

Satbayev University, MeTamtyprus )xoHe KeH 0ailbITy HHCTUTYTHI AK,
Anmatsl, Kazaxcran.
E-mail: leila.imangalieva@mail.ru

KA3AKCTAHHbBIH KAOJIMHUT IIUKI3ATbI
’KOHE OHbI BAUBITY 9JICI

Annoramusi. Kaszakcran PecnyOnukacelHIa T[IHHO3EM — OHJIPETIH
JKaJIFBI3 KocinmopsiH [laBionap amoMUHUI 3aybIThI, MYH/JA IIUKI3aT PETiHIE
KpacHookTs16ps keH opHbl KpacHOTOp KEHINIIHIH TOMEH camnajibl OOKCUTTEPI.
BokcutrepaiHn KypamMbl TOMEH KpPEeMHUM MOJYJI JKOHE TeMip MEH KapOoHar
KOCTaJaphl ;KOFapbl OOIFaHIBIKTaH OYJI OHACY TeXHOJIOTUACHIH KUbIHIATaIbl.

KazakcTanga rmuHO3eMHIH KOCBHIMIIA KO31 PeTiHAe KAaOIHMHHUTTI ca3aap
TEeMIpAiH KYpaMblH TOMEHJIETY apKbUIbI KbI3bLI UTAM/IbI )KEHTEKTEY MPOIECIH
KakcapTy YIIiH, COHJai-aK TIIMHO3eMjae 63 OeTiHIIe eHJIeYy YIIIH Kocra
peTiHae Konmpanyra 0onaapl. AJEKCeeB KEH OPHBIHBIH KAOJWHUTTI Ca3aapbl
€H TIePCIIEKTUBAIBI OOJIBITT TaObIIaAbI, OipaK CTAaHIAPTTHI SAICTEPIl KOJIAaHy
Ke3iH/e OalBITYIBIH KaHaFaTTaHAPJIBIK HOTHKEIEPIHE KOJ KETKI3UITeH JKOK.

KaonuHuTTi GanmblkTap TIHHO3EMIe OHJICYAEeH OYpbIH TpaBUTALMSIIBIK
OaifbITyFa YIIbIpAalIbl, OHBIH THIMIUIITIH apTThIPY YILIIH ajjblH-ana THIpO-
TEPMUSIIBIK OHICY S/IiCi KOJAaHbUIa bl byl skymMbIcTa HATpUil ruApoKapOOHAT
epITIHIICIHAE alJbIH-aa THAPOTEPMHSUIBIK OHJCYAlI KaMTUTBIH KaOJIWHUT
Ca3llapblHbIH I'paBUTALMSIIBIK OalbITYy HOTHOKENEpl KepceTuireH. ['maporep-
MUSJTBIK OHJICY/ICH KEeHiH KAOJUHT (PPAKIUSCHIHBIH IIBIFYBI TEMITepaTypaHbIH,
YaKbITTBIH JKOHE KOHIIEHTPALMSICHIHBIH KOFApbLIAybIMEH KOFaPbLIANH/IbI )KOHE
C:K apakarpiHacbhiHa OalIaHBICTBI OOIMAN/IBI.

BanmbIKThl anaelH ana THAPOTEPMUSIIBIK OHJACYIASH KeHiH, KaOJHUHT
dbpakumsiceiHbiH, WBIFYysl 41,4% -man 59,3% -ra ecTi, MaTepualIblH JHC-
nepcusicbl apTThl. KaonmwHT (QpaknusSChIHBIH MaKCUMAalIbl MmbIFybl 150 °C
temneparypana, C:K = 10,0 kareinacbina, yakpiTel 300 MUHYT %oHE HaTpUi
TUIPOKapOOHATHI EPITIHAICIHIH KOHIIeHTpanuschl 120 T/ 1M® ajabIHbI

Tyiiin ce3nep: KaONMHUT, KBapuUT, (ppakuus, KpeMHUH MOIYJi, THIPO-
TEPMAaJIJIBI OHJICY, OHIM LIBIFapY.
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P.A. AopyaBaaueB, M.H. KBsaTtkoBckas, JI.M. UmanraiueBa*,
A.A. MananoBa

Satbayev University, AO MHCTUTYT METaJTypruu ¥ 00OTaIieHus,
Anwmartel, Kazaxcran.
E-mail: leila.imangalieva@mail.ru

KAOJIMHUTOBOE CBIPBE KA3AXCTAHA
N CITOCOB EI'O OBOTAINEHUA

Annoranusi. EnunctBennbiM npennpusitueM B PecnyOnuke Kazaxcran,
KOTOPO€ NPOU3BOAMT INIMHO3€EM siBIsieTCs [[aBnogapckuii alnrtoMuHUEBBIN 3aBOJ,
IJie B KAUeCTBE CHIPhS CIyXKaT HU3KOKaueCTBEHHbIe OOKCUTHI KpacHoropckoro
pyaHuka KpacHOOKTSIOpbCKOro MECTOpPOXKJEHUS. BOKCUTBI MMEIT HU3KHUI
KpPEMHEBBIM MOAY/Ib M TIOBBIIIEHHBIE COJAEpXKAHUS IpUMEceil keneza U
KapOOHATOB, YTO YCIOKHSIET TEXHOJIOTHUIO TTepEePadOTKH.

JIOTIOTHUTENBHBIM UCTOYHUKOM TJIMHO3eMa B KazaxcTaHe MOTYT CIY>KUThb
KaOJMHUTOBBIE TJIMHBI KaKk B BHJE AO00aBKM NJisl YIy4YIIEHHS Mpolecca
CIIEKaHMs KPACHOT'O LIIamMa IIyTEM CHUXEHUS COAEPKAHUS JKele3a, Tak U AJid
CaMOCTOSITEIPHONW TepepadOTKu Ha ruHO3eM. Hambosee mepcrneKTUBHBIMU
SIBIISIIOTCS ~ KAOJMHUTOBBIE  IIMHBI  AJIEKCEEBCKOIO  MECTOPOXKACHUS,
OJTHAKO MpPHU MCIOJIB30BAHUM CTAaHJAPTHBIX NMPUEMOB HE ObUIO JOCTUTHYTO
YIOBJIETBOPUTEIBHBIX PE3YJIbTATOB 00OTAIIICHUSI.

KaonuauTtoBble mIMHBI Neped NepepadOTKOW Ha TIIMHO3EM IOABEPraroT
I'PaBUTALIMOHHOMY OOOTaIllEHUIO JJIsi MOBBIEHUS YPPEKTUBHOCTH KOTOPOM
MPUMEHSIOT NPEABAPUTEIBHYIO THIPOTEPMAIIbHYIO 00paboTKY.

B Hacrosimieir paboTe mpencTaBleHBl PE3yNbTaThl TPABHTAIMOHHOTO
oOoraieHusi KaoJWHUTOBBIX ITIMH AJIEKCEEBCKOIO MECTOPOXKACHHS, BKIIIO-
YaIoLIero MpeaBapUTEIbHYI0 THUIPOTEPMaIbHYI0 00pabOTKy B pacTBOpe
rupokapOoHaTa HaTpus. YCTAHOBJIEHO, YTO TIOCJIE TUIPOTEPMATIbHOU
00pabOTKM BBIXOJ KAaOJIMHHUTOBOW (hpakiuu BO3paAcCTaeT C YBEJIUYEHUEM
TEMIIEpaTyphl, NPOJOJIKUTEIPHOCTH W KOHIEHTpAlMM pacTBopa T'HAPO-
KapOoHaTa HaTpus U He 3aBUCHUT OT oTHomeHus JK:T.

[Tocne npenBapuTeIbHON TUAPOTEPMATIBHON 00PAOOTKH TIIMHBI YBEITUUHIICS
BBIXO0J1 KaOJIMHUTOBOM (ppakuuu ¢ 41,4% 1o 59,3% u qucneprauus Matepuania.

MakcuManbHBI ~ BBIXOJ] KAOJIMHUTOBOW  (pakiuu  TOJy4YeH TP
temneparype 150°C, ornomenuu XK:T=10,0, nponomxkurensuocta 300 MUHYT
Y KOHIICHTPAIIMU pacTBopa rujipokapoonara Harpus 120 r/om’.

KuiroueBble ciioBa: KaolWHUT, KBapUUT, (Qpakiusl, KpeMHUEBBII MOAYIb,
TUApOTEepMalibHasi 00paboTKa, BEIXOI MPOAYKTOB.
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Introduction. The analysis of global alumina production shows that the
rate of development of alumina production capacity is lagging behind that
of primary aluminium production (http://www.aluminalimited.com/uploads/
ASX-announcement-2017-27-Half-Year-Results-presentation. pdf). The lack
of capacity has become one of the major factors behind the rising price of
alumina and the main reason for increasing raw material shortages at aluminium
smelters. One of the reasons holding back the development of alumina
production capacity is the deterioration of raw material quality and lack of
effective technologies for processing alternative raw material sources, among
which kaolinite clays occupy one of the leading places (https://minerals.usgs.
gov/minerals/pubs/commodity/bauxite/; Zhang et all., 2018; Abdulvaliyev et
all, 2019; https://www.marketing-magazin.ru/ imgs/goods/826/ru_kaolin.pdf;
https://docplayer.ru/116077422-Rossiyskiy-i-mirovoy-rynokgliny-i-kaolina-
syrevaya-baza-v-2018-godu-russian-andworld-market-of-clay-and-kaolin-
raw-materials-base-in-2018).

The world reserves of kaolinite are estimated at 16 billion tonnes. The
modern mining and processing of kaolinite raw materials has an established
infrastructure, is provided with raw material resources and can be adapted to
the production of alumina and by-products in the future. Currently, kaolin is
mined in the USA, UK, China, Ukraine, Russia, Kazakhstan, Arab Republic
of Egypt, etc. (Abdulvaliyev et all, 2018; Youssef et all, 1994; Brichkin et
all, 2019; Bazhin et all, 2017; Arsentiev et all, 2017). The use of standard
techniques of gravity concentration of kaolinite raw materials has not achieved
satisfactory results (Kovzalenko et all, 2018).

In order to increase beneficiation efficiency, hydrothermal treatment of
kaolinite materials at elevated temperature (350°C) in water was studied (Sysa,
2008). Hydrothermal treatment does not change their crystal structure but leads
to formation of less strong coagulation structures with increased plasticity,
consisting of particles with average grain size increased by 10 — 20%. As a
result, the intensity of interaction between particles is reduced, which increases
the efficiency of beneficiation and hydrochemical processing. Kaolinite was
found to be the most resistant mineral to hydrothermal treatment.

In the studies carried out, a solution of sodium hydrogen carbonate was used
to provide more severe conditions in the hydrothermal treatment of kaolinite
clay. The choice of sodium hydrogen carbonate is due to the fact that this reagent
has proven itself for the selective separation of components of raw materials
(Patent RK 335383, 2019; Patent RK 32333, 2017). The kaolinite concentrate
obtained as a result of clay beneficiation is intended for alumina production
and therefore part of the unwashed sodium bicarbonate after treatment will not
interfere in the further alkaline technology.

9
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As an alternative source of raw materials for alumina production in the
Republic of Kazakhstan the most promising is Alexeyevskoe kaolinite deposit
located 22 km north-west of Kokshetau city and processed by “AraiPro” LLP.
Balance reserves of kaolin of the deposit by category B - 13,665 min. tons, by
category C, - 67,228 mln. tons, category C,— 174,261mln. tons. The average
stripping ratio is not more than 1 m*/t.

Currently, “AraiPro” produces about 300 thousand tonnes of raw kaolin,
which is exported to the Russian Federation.

Statement of the problem. The aim of the study was to increase the
beneficiation efficiency of kaolinite clays through hydrothermal pretreatment
in a solution of sodium hydrogen carbonate.

Methods and methodology of the study. X-ray fluorescence, chemical,
X-ray phase and thermal analyses were used in the studies.

X-ray fluorescent analysis was carried out on Venus 200 spectrometer with
wave dispersion (PA Nalyical B.V., Holland).

Chemical analysis of samples was performed on optical emission spectro-
meter with inductively coupled plasma Optima 2000 DV (USA, PerkinElmer).

Semi-quantitative X-ray phase analysis was carried out on D8 Advance
diffractometer (BRUKER) on copper Cu-Ka radiation at accelerating voltage
36 kV, current 25 mA.

The pre-thermal treatment of kaolinite clays was carried out in a solution
containing 40 — 120 g/dm’ NaHCO,with L:S=2 — 10,0, at 90 - 230°C and for
30 — 300 minutes using a thermostatically controlled plant with 6 autoclaves
rotating through the head and having a working volume of 250 cm?® (Figure
1). The maximum sodium hydrogen carbonate content of 120 g/dm?® in the
solution was taken to its solubility limit.

Figure 1 — Thermostatically controlled unit with autoclaves
10
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The kaolinite fraction of the clay was separated by washing with running
water at room temperature.

The silica modulus, p, was calculated from Al O,+SiO, ratio.

Study results. The initial product for the study was a representative sample
of kaolinite clay Alexeyevskiy deposit, provided by “Araipro” LLP, corres-
ponding to the standard of the organization ST LLP 101240014515-01-2019.

The appearance of kaolinite clay sample is loose sand of whitish colour, den-
sity of 2.06 g/cm3, bulk density of 1.36 kg/cm3, the average grain size of 2 mm.

Chemical composition of kaolinite clay sample from Alexeyevskiy deposit
wt.%: ALO,—26.9; SiO, - 56.6; Fe,O,- 0.537; Na,0O - 0.07; SO,— 0.028; K,O
—1.31; p.p.s. 14.555, u, — 0.47.

The dispersion and chemical composition of fractions and distribution of
elements by size classes of kaolinite clay sample from Alexeyevskiy deposit
are presented in Table 1.

Table 1 - Dispersion and chemical composition of fractions in a
representative sample of kaolinite clay from the Alexeyevskiy deposit

Granularity | Yield, % |Contents, % [ Distribution, %
class, mm ALO, [SiO, |Fe,0, |P-P- ALO, |[SiO, |Fe0,
+0.05 58.6 14.18 [60.85 |0.69 |24.28 [0.233 |30.9 58.46 |55.48

-0.05+0.02  |38.06 30.89 [49.8 [0.597 |18.71 |0.62 |65.08 |38.53 |41.27
20+ 10 um |[3.05 32.07 [48.09 [0.631 [19.209 |0.67 |3.6 2.7 2.9
-10 um 0.29 30.35 [46.59 [0.689 [22.37 |0.651 |0.42 031 |0.35
Total 100 100 100 100

From the results it follows that kaolinite fraction of clay is mainly included
in the composition of size classes equal to — 0.05.

Chemical composition of kaolinite fraction of clay, wt.%: ALO, - 31.2; SiO,
—51.6; Fe,0,—0.53; CaO 0.43; Na,O — 0.095; MgO 0.2; SO, 0.02; K,0 - 1.5;
TiO, 1.05; C1'0.02; p.p. 13.355; p, — 0.6.

Chemical composition of quartzite fraction, wt.%: Al,O,, 7.65; SiO,, 65.5;
Fe,0,,0.68; Ca0 0.29; Na,0, 0.031; MgO 0.08; SO, 0.05; K, 0, 0.39; TiO, 0.9;
CI1-0.016; p.p. 24.413; psi — 0.12.

X-ray patterns of kaolinite and quartzite fractions of clay from Alexeyevskiy
deposit are shown in Figures 2, 3.
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Figure 2 - X-ray diagram of the kaolinite clay fraction
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Figure 3 - X-ray diagram of the quartzite fraction
of the Alexeyevskiy clay deposit

The yield of the kaolinite fraction in clay beneficiation was investigated
as a function of temperature, duration, L:S ratio and concentration of sodium
hydrogen carbonate solution during hydrothermal pre-treatment (Table 2).

Table 2 — Dependence of the kaolinite yield of the beneficiation fraction
on the hydrothermal pretreatment conditions

Treatment conditions Beneficiation results, %
Temperature, °C | L:S Time Concentration Yield of Yield of ALO, to
duration, min| NaHCO kaolinite fraction | kaolinite fraction
Without processing 41.4 72.6
Processing in water, | 10 180 - 47.5 76.8
230°C
90 10 60 120 41.6 74.6
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120 10 60 120 47.6 76.9
150 10 60 120 47.6 79.39
180 10 60 120 42.4 79.0
230 10 60 120 42.4 76.93
150 10 30 120 47.4 76.0
150 10 90 120 49.8 83.3
150 10 120 120 58.0 88.67
150 10 300 120 59.3 89.8
150 2 120 120 48.0 86.9
150 4 120 120 48.1 87.0
150 6 120 120 48.3 87.9
150 8 120 120 48.6 87.6
150 10 120 40 48.9 80.3
150 10 120 60 49.3 82.7
150 10 120 80 49.35 83.2
150 10 120 100 49.6 85.6

As aresult of studies it was found that the yield of kaolinite fraction increases
with increasing temperature, duration and concentration of sodium hydrogen
carbonate solution after hydrothermal pretreatment and practically does not

depend on the ratio L:S.

The maximum yield of kaolinite fraction of 59.3% was obtained after
hydrothermal pre-treatment of clay at 150°C, ratio L:S = 10.0, time of 300
minutes and concentration of sodium bicarbonate solution of 120 g/dm?. The

yield of AL O, in kaolinite fraction was 89.8%.

The phase composition of kaolinite fraction of clay, obtained in these
conditions is presented, %: kaolinite — 57.0; quartz 25.4; muscovite 8.9;
aluminosilicate sodium 4.9 and magnetite 3.7 (Figure 4).

i

Fo((Fe1 538Ti0.462/04) 3 %

.................................

....................

Figure 4 - X-ray of the kaolinite clay fraction after hydrothermal

pre-treatment
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The chemical composition of the kaolinite fractions after hydrothermal pre-
treatment is shown in Table 3.

Table 3 - Dispersion, chemical composition of kaolinite clay fractions
after hydrothermal pre-treatment

Granularity class, | Yield, Contents, % T Distribution, %
o . .
mm % | ALO, | SiO, | Fe,0,| PP ALO, | SiO, | Fe,0,
+0.05 40.7 5.83 77.7 | 0.98 | 1549 [0.075| 10.2 | 62.09 | 61.75

-0.05+0.02 54.89 | 30.03 |48.58 | 0.61 | 20.78 | 0.62 | 7537 | 29.3 | 29.01
-0.02+0.0lpym | 4.0 | 29.76 | 464 | 0.63 | 23.21 |0.642| 14.12 | 8.49 9.09
-0.01 + 0 um 0.41 | 29.73 |45.14] 0.69 | 24.44 [0.659| 0.31 0.13 0.15
Total 100.0 100 100 100

Analysis of obtained results of dispersion composition shows that after
hydrothermal treatment of clay in sodium hydrogen carbonate solution
in kaolinite fraction the content of — (0.05 + 0.02) mm class increased, i.e.
average particle size increased by 19.9 %. The obtained result corresponds to
the conclusions of theoretical investigations of the mechanism of behaviour of
kaolin during hydrothermal treatment (Kenzhaliyev et all, 2021).

According to the known method of hydrothermal pre-treatment in water,
the yield of kaolinite fraction was 47.5% with an Al,O, yield of 76.8%, i.e.
the use of sodium hydrogen carbonate solution increased the efficiency of
beneficiation.

Conclusions. The conditions of hydrothermal pre-treatment of kaolinite
clay from Alexeyevskiy deposit of the Republic of Kazakhstan in solution
of sodium bicarbonate for kaolinite fraction extraction at enrichment were
investigated. The yield of kaolinite fraction due to treatment increased from
41.4% to 59.3%. Extraction of Al O, in kaolinite fraction was 89.8%.

Asaresultofhydrothermal treatment, the average particle size ofthe kaolinite
fraction increased, which ensured better selectivity of the concentration
operation.

The work was carried out with the financial support of the National
Academy of Sciences of the Republic of Kazakhstan under grant funding No.
AP09259345.
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