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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. A representative sample to test the concentration characteristics was taken
from the Central Takyr section of the Tuzbak formation pebbles of the Eocene and gravel-
sand formations. The gold content in — 80 + 2 mm pebbles was 0.37 g/t, in — 2+0 mm sands,
1.41 g/t. A process chart for processing a representative sample and a chain of devices for its
implementation were developed. The selected sample of gold-bearing sands was examined
with regard to its concentration characteristics using the method of “passive” and “active”
gravity in a SV-500 screw separator and a vibrating centrifugal bowl-type unit developed at
KazNRTU after K.I. Satpayev (Peregudov et al., 2021). Based on the study of the mineral
composition of gold-bearing pebbles and the forms of occurrence of the useful component in
them, their concentration characteristics were examined. A process chart for concentration and
an aggregate technological installation for processing mineral samples were developed. The
content of finely dispersed gold in gold-containing products was checked on the basis of thermal
activation in a developed thermal activator (Peregudov et al., 2015). Gravity concentration of
various fractions of natural sand samples pre-processed in an autogenous mill was done using
a developed chain of devices consisting of a vibrating screw separator and centrifugal devices.
The research was conducted with regard to gold recovery from gravity concentration tailings
based on environmentally safe thiosulfate leaching. The effect of using a complex leaching
solution ( 5) was most pronounced when leaching the gravity concentration tailings. According
to the results of analyzes of productive solutions and residual solid sediments (cakes), gold
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recovery during the leaching amounted to 92.75-93.75 %. The research results can be used
to test samples of gold-bearing minerals with regard to their concentration characteristics
using the gravity concentration method as well the hydrometallurgical method of processing
concentrates.

Keywords: gold, placer, pebbles, sands, size class, autogenous mill, gravity
enrichment, vibrating screw separator, centrifugal bowl-type unit, concentrate, tailings
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AnHoTtamus. balieiTyra OKUIMIK  ChIHAMaHBI  ipikTey J0IeHHIH  Ty30aK
(OopMaLMACHIHBIH KUBIPIIBIK TacTapbl MEH KHUBIPLIBIK-KYM TY3UTIMICPIHIH OpTajlbIK —
TaxpIp yyacKkeciHeH *y3ere achIpblbl. [piniri -80+2MM KIacThl ManTaTaCTaFbl aIThIHHBIH
meomepi 0,37 r/t, ipi kiactel kymaapaa — 2+0 MM 1,41 /T Kypajsl, OKiJIIiK ChIHAMAHBI
OHJICY/IIH TEXHOJIOTHSUIBIK CYJIOACHI )KOHE OHBI )KY3€re achlpy YIIiH ammapartap Ti30eriHig
anmaparypanblk cyjoacel skacanabl. KypamblHaa anTeiHbl Oap KyMAApIBIH IpiKTEIreH
ceiHamackl CB — 500 Oypanmanst cenapatopsiaa sxoHe K. M. Corbaes ateiaarst Kas¥ T3V -na
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O3ipJIEHTEH NPl OpTajJaH TEMKill TabaKIIaibl anmapaThIHIa «ChUTOBIPY XKOHE «OeIICeH/Ti»
TpaBUTAIMSUIBIK oficiMeH Oaitpity 3eprrenai ([leperymos, 2021). KypambpiHma anTbHBI
0ap KUBIPLIBIK TACTAPAbIH MUHEpAJIbl KYpaMblH JKQHE OJIapAarbl MaiIaibl KOMIOHEHTTIH
TYpiHE Kapail 3epTTey HETi3iHJe OJap/blH OalbITBUIYbIHA 3ePTTEY KYPTi3iiai. balbTynbiH
TEXHOJIOTHSJIBIK ~ CYI0achl JKOHE MHHEPAIABIK-TEXHOJOTHSAIBIK ChIHAMAJapAbl OHJICY
OOHBIHINA IPITEHAIPIITEH TEXHOJOTHUSIBIK KOHABIPFBI 93ipaeni. KypampiHaa anTeiHBI Oap
eHIMEp/Ier XKYKa AUCIEPCT] ATBIHHBIH KypaMbIH OaKpliay, )KacajJblHFaH TEPMOAKTHBATOP1A
— TepMoaKTHBaNus HeriziHae xysere aceipbuiasl (Ileperymos, 2015). ipinai Oypanmaisr
cernaparop/aH >KoHe OpTaJaH TEIKIill arnapaTTapJad TYpPaThlH annapaTTapAblH Ti30erinaerti,
KYMJIBl ©3irHEH YHTaKTay AWIpMEHIH/AE aNJbIH aja OHJeITreH TaOWFh ChIHaMasapibl
(paKkUMSUIBIK TPAaBUTALMSUIBIK OalbITy XKYPri3iini. DKOJOTUSIBIK Kayilci3, THOCYIb(haTThI
CUNTiNEy Heri3iHAe TPaBUTAIVSUIBIK OaWlbITy KalAbIKTApbIHAH ANTHIHIBI OeIinm  aiy
OoMBIHIIA 3epTTeyep Kyprizingi. KoMIiekcTi cinTiney epiTiHAiciH KolmaHy acepi, Keneci
kepcetkimTep Herizinge — PH kepcerkimti 8,3-9,5 Gonranaa, rpaBUTAIUSIIBIK OABITY/BIH
KaJIZIBIKTapbIH CINTINIEY HETi31H e alKbIH KOPiH/l. OHIM/IIK epiTiH/IiIep MEeH KaJIIbIKThI KaTThI
TyHOa (KeK) TajiaylapbIHBIH HOTIDKEIEpiHEe COMKeC, CUITLIey Ke3iHJE alThIHbI albIPhII
aiy 92,75-93,75 % kypaapl. 3epTTey HOTHXKEIEepl KypaMblHAA ANTBIHBI Oap MUHEpaabl
IIUKi3aT ChIHAMaJIapbIH TPaBUTAIVSIIBIK OAlbITY 9/1iCIMEH OHJIEY Ke3iH/Ie, COH/aii-aK 0albITy
OHIMJIEPIH THAPOMETAJLUTYPIHSUIBIK SiCi HETi3iHIe eH/eyAl KOJIIaHBUIYbl MYMKIH €KeHJIr1
AHBIKTAJIBIH/BI.

Tyiiin ce3aep: anThbiH, MWAMIBIPAH/IBI KEH, KUBIPLIBIK TacTap, KyMIap, ipilik KJacchl,
©3iH-631 YHTaKTay IUipMEHi, TPaBUTAISUIBIK OabITy, Hipiami OypaHAaibl cemaparop,
OpTaJaH TeIKIlI anmnapaT, KOHLEHTPAT, KaJIJbIK
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AnHoTauus. OTOOp mpeacTaBUTEIbHON MpoOBl HA 000raTUMOCTb OCYLIECTBIISIICS
n3 LlenTpanpHO-TaKbIPCKOTO y4yacTKa rajieyHUKOB Ty30aKCKON CBHTHI S0IIEHA M TPAaBUHHO-
necyanblx oOpaszoBanuid. CozaepikaHHE 30JI0Ta B TajJeyHHMKE Kiacca KpynHoctn — 80 +
2 mm cocrasmiio 0,37 r/t, B meckax kimacca kpynHoctd — 2+0 mm 1,41 r/t. Pazpaborana
TEXHOJIOTHYecKass cxema oOpadOTKM MpPEACTaBUTEIbHOM NpoOBl M ammapaTypHas cxema
LENH anmnapaToB Ui ee ocyuecTBieHua. OToOpaHHas Mpoda 30J0TOCOAEPIKAIINX TECKOB
uccienoBajach Ha 00OraTUMOCTb METOAOM «IIACCHBHOM» M «aKTUBHOW» TpaBUTALMU
B BuHTOBOM cenapatope CB — 500 u BuOpOLEHTPOOEKHOM 4YaIIeBOM armapare,
paspabotanHoM B KasHUTY um. K.U. Catnaesa (Ileperynos, 2021). Ha ocHoBe n3yueHus
MHUHEPaIBLHOI'0 COCTaBa 30JI0TOCOIEPKALMX TATCYHUKOB U (popMax HaXOXkKACHU MOJIC3HOTO
KOMIIOHGHTa B HHUX IHPOBEICHBI HCCIICOBAaHME HAa HUX o0oratuMocTb. Pazpaborana
TEXHOJIOTHYECKass cXeMa OOOTallleHUs] W YKPYNHEHHAas TEXHOJOTMYEeCKas YCTaHOBKa IO
00paboTKe MUHEPAJIOro-TeXHOJorndeckux mpod. KoHTponb conepkanns TOHKOAUCIEPCHOTO
30JI0Ta B 30JIOTOCOACPIKAIINX MHPOJIYKTaX OCYIISCTBIUICS HAa OCHOBE TEPMOAKTHUBALMU
B pazpaboranHoM TepMmoakTuBarope (Ileperymos, 2015). IlpoBeneHo modpakiroHHOES
IpaBUTALMOHHOE OOOTaleHNEe MPUPOAHBIX, MPEABAPUTEIHLHO 00PaOOTaHHBIX B MEJIBHHIIEC
CaMOM3MEJIbUCHHS TECKOB MPOObI Ha pa3padOTaHHOW ILIENM anmapaToB, COCTOSLICH W3
BUOPOBHMHTOBOTO cemapaTropa M LEeHTPOOeKHbIX amnmaparos. [IpoBeneHs! ucciae0BaHus O
W3BJICYCHUIO 30JI0Ta U3 XBOCTOB I'PABUTAIIMOHHOTO OOOTAIICHUS Ha OCHOBE 3KOJIOTMYECKU
0€301acHOr0 THOCYJIb(ATHOrO BhILICTAUYUBaHUA. D(PPEKT NPUMEHEHHS KOMIUICKCHOTO
BBIIIEJIAYMBAIOILIETO PACTBOpPA COCTaBa — mpu pH 8,3 — 9,5, naubonee BbIpakeH] 0
MPOSIBUJICSL TIPH  BBIICIAYMBAHUM XBOCTOB T'paBUTalMOHHOrO oOoramenus. CoriacHo
pe3yibTaTaM aHalu30B IPOAYKTHBHBIX PACTBOPOB M OCTATOYHBIX TBEPHABIX OCAIKOB
(kKeKOB), U3BIICUCHUE 30JI0TA TIPU BHIIIETaYUBaHUK cOcTaBUIO 92,75-93.75 %. Pe3ynbrarst
HCCIIeIOBAHUS MOTYT IPUMEHSATHCS TPH 00pabOTKE MPOO 30JI0TOCOAEPIKAILET0 MUHEPAIEHOT'O
CBIPbS Ha 00OTraTUMOCTb T'PaBUTALMOHHBIM METOJOM OOOTalICHHUs, a TaKKe Ha OCHOBE
TUAPOMETAILTYPIrHYECKOr0 MeTo1a 00padOTKU MPOAYKTOB 00OTallCHHS.

KamoueBble ciioBa: 30JI0TO, POCCBHINb, TAJICYHUKH, ICCKHU, KJIACC KPYIHOCTH,
MCJIbHULIA CAMOU3MCIIbUCHUS, I'PABUTAIITUOHHOC 060rameHHe, BI/I6p0BPIHTOB0ﬁ cemnaparop,
I.IeHTpO66)I(HBIfI ‘IaH.IeBBIﬁ arrmapar, KOHUCHTPAT, XBOCThLL

Introduction

Currently, the main object for developing gold-containing minerals is primary gold
ore deposits, while placers are practically not mined.

At the same time, over the history of mankind, at least 23,583 tons of gold have been
extracted from placers (Polevanov et al., 1990; Tretyakov et al., 2009). According to N.T.
Patyk-Kara and others, during the period of placer development (since the 1930s), about 5,450
tons have been mined in the gold-bearing regions of North-East Asia, in the Amur region —
700-800 tons, in the Urals — about 900 tons (Patyk-Kara et al., 1997). The analysis of the
distribution of world gold production by type of deposits for 1998 shows that about 10 % (259
tons) was mined from placers (Yerofeev et al., 1969). In Russia, according to B.I. Benevalsky
and others, up to 70 % of gold is mined from placers, while in Kazakhstan it is less than 1.4
% (Begalinov et al., 2005).

The reason for that is the geological exploration work being focused on the research
and development of alluvial types of placers in modern valleys, the prospects of which are not
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great. Most of them have already been worked out. The further development of gold mining
should be linked to the involvement of deep placers and the creation of new technologies for
their extraction and processing (Meretukov et al., 2005).

Materials and methods

The mineralogical and technological studies included the following procedures: study
of the granulometric and mineral composition of clastic material; gravity concentration of
various fractions of natural sands pre-processed in the autogenous grinding mill; study of
free native and bound gold in concentrates and their quantitative assessment, agitation tests to
determine the values of thiosulfate leaching of gold from gravity concentration tailings using
hydrometallurgical methods.

The work employed methods of chemical, mineralogical and granulometric analysis.
Experimental studies of the concentration characteristics of a selected representative sample
of gold-bearing sands of the Takyr-Kaldzhir site based on gravity concentration were done
in the conditions of Limited Liability Company “Kazakhstan-Russian Research Center of
Scientific and Technical Complexes” in Stepnogorsk, Akmola Region.

Concentration of various fractions of a representative sample was done on a developed
aggregate technological installation for processing mineral samples. The mineralogical and
technological studies included the following procedures: study of the granulometric and
mineral composition of clastic material; gravity concentration of various fractions of natural
sands pre-processed in the autogenous grinding mill; study of free native and bound gold in
concentrates and their quantitative assessment.

Results and discussion

The studies were performed on a selected sample of gold-bearing sands of the Takyr-
Kaldzhir pebble area. The sample mass was 215 kg, the gold content in the sample according
to the nameplate was 352 mg/m?>.

The original sample was divided into two parts. One was studied using a material of
natural size (granulometric, chemical, mineral composition) with concentration of various
fractions of selected size classes. A standard set of technological parameters was obtained that
made it possible to estimate the amount of free and bound native gold.

The other one was pre-treated in the autogenous mill with subsequent enrichment of
the sand (-2+0 mm) fraction using the gravity process chart on the vibrating screw separator
and the centrifugal bowl-type unit with the purpose of quantitative determination of free and
bound native gold.

The granulometric composition was determined by means of manual wet screening
and rubbing of fine-grained material on a screen. The screening was done on a round and
square (5 mm and smaller) sizing screen. The liquid phase was preserved and — 0.044+0 mm
solid particles were settled during 24 hours.

The sample material was screened into 11 size classes (mm): -40+20; -20+10; -10+5;
-5+2; -2+1; -1+0.5; -0.5+0.25; -0.25+0.1; -0,1+0.074; -0.074+0.044 and -0.044+0.

Gravel and pebble classes (yield ranging from 10.5 to 17.61 %) were distributed
quite evenly, while a significantly lower yield was in sandy classes with more or less even
distribution (3—4 %).

The detrital material is semi-rounded and angular. As the grain size decreases, the
degree of roundness also decreases. Coarse-grained material, pebbles and sand were screened
on the 80mm, 40mm and 20mm screens and on the 5x5mm and 2x2mm sieves.

Coarse-grained (-80+2mm) class amounts to 47 %, about 20 % of 0.37 g/t gold is
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associated with it (Tables 1, 2). Fine detrital (-2+0 mm) class prevails, its yield is about 50
% (53.06 %) and it is associated with 81.13 % of all 1.41 g/t gold in the sample. The detrital
material is rounded. Thus, the gross gold content in the studied sample is 0.92 g/t.

Table 1 — Distribution of pebbles and gravel-sand deposits in the studied sample

Yield
Name Size class, mm . v Au content, g/t Au distribution, %
g (1]
Pebble -80+2 38,39 47,27 0,37 19,02
Sands -2+0 42,82 52,73 1,41 80,98
Original sample 81,21 100 0,92 100

* gold content in the pebble ground in a mill

Laboratory tests of concentration properties were conducted in line with a two-stage
concentration process chart. At the first stage, natural material was subjected to concentration
(by fractions). In the second, all materials were pre-treated in the autogenous grinding mill,
followed by concentration of attrited sands (-2+0 mm).

The concentration was done at the aggregate technological installation shown in
Figure 1.

Figure 1 — The aggregate technological installation for processing mineral samples.
1 — autogenous mill; 2 — screw separator; 3 — vibrating centrifugal bowl-type units.

In the developed autogenous grinding mill, natural pebbles (detrital material from the
original sample of the studied material) are used as a grinding medium.
The novelty of the proposed technology for processing sample materials is the
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quantitative assessment of gold in all sample materials, from sand to boulder-pebble deposits.

The results of gravity concentration of natural material of gravel-sand class size are
given in Table 2.

Table 2 shows that during the concentration of fractions, almost all finely dispersed
gold is concentrated in the final tailings. Its total content in sands is 1.41 g/t, according to
thermal activation data — 1.74 g/t, which is higher than the original values by approximately
23.40 %.

The developed process chart for processing samples is shown in Figure 2. The gravity
concentration of sands rubbed from pebbles in the autogenous wet-grinding mill resulted in
obtainment of gold-bearing sand and the following products: rubbed pebbles (+2 mm) — 79.60
kg; sands (-2+0 mm) — 126.40 kg; bulk gravity concentrate — 6.315 kg; final tailings —120.085
kg; the original sample weight was 199.68 kg.

Table 2 — The results of gravity concentration of natural material of gravel and sand sizes

Yield Au
. . Sample Au
Class size Preparation products content, o
Kg % number g/t content, %
1 2 3 4 5 6 7
Concentrate  from the screw 0.19 2.43 3 0.88 3.77
5 separator
-5+
> Tailings 7,65 97,57 2 0,52 96,23
Original material 7,84 100 1 0,53 100
Concentrate after re-cleaning on 0.077 0.37 3 235 174
the screw separator
Recleaning tailings after the screw 0.715 9.09 7 1.63 435
separator
-2+1 .
Co.ncentrate after the centrifugal 0,08 1.02 6 122 174
unit
Tailings 6,994 | 88,92 5 1,08 92,17
Original material -2+1 mm 7,866 100 4 1,15 100
Concentrate after re-cleaning on 0,045 0.40 13 0.30 0,09
the screw separator
Recleaning tailings after the screw 1,107 9.98 12 333 27.64
separator
01705 e trate after th trifugal
oncentrate after the centrifuga 0.063 0.57 1 1,56 2,45
unit
Tailings 9,87 89,05 10 0,89 69,92
Original material -1+0,5 mm 11,085 100 9 1,13 100
Concentrate after re-cleaning on 0,080 277 13 1,43 5.19
the screw separator
Recleaning tailings after the screw 0.127 4,40 17 1.47 7.79
separator
-0,5+0,25 ancentrate after the centrifugal 0.088 3.03 16 137 5.19
unit
Tailings 2,590 | 89,30 15 0,70 81,83
Original material
2,885 100 14 0,77 100
-0.5+0.25 mm
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Concentrate after re-cleaning on

0,085 1,62 24 1,21 4,0
the screw separator
Recleaning tailings after the screw 0.063 1.80 73 1.30 3.0
separator
-0,25+0,1 Sli)ilscentrate after the centrifugal 0,094 1,79 ” 134 4.80
Tailings 5,010 | 95,39 21 0,46 88,20
Original material
5,252 100 19 0,50 100
-0.25+0.1 mm
Concentrate after re-cleaning on 0.103 124 29 2,68 2.16
the screw separator
Recleaning tailings after the screw 0.503 6.06 28 2.18 8.62
separator
-0,1 +0,074 c frer th fucal
oncentrate after the centrifuga 0.95 1,14 27 1,40 1,04
unit
Tailings 7,60 91,56 26 1,48 93,18
Original material
8,301 100 25 1,53 100
-0.1 +0.074 mm
Concentrate after re-cleaning on 0,060 2.87 34 1.36 2.95
the screw separator
Recleaning tailings after the screw 0.072 345 13 272 565
separator
-0,074+0,044 i
ancentrate after the centrifugal 0.006 0.29 3 1,49 0.35
unit
Tailings 1,95 93,39 31 1,29 81,05
Original material
2,088 100 30 1,33 100
-0.074+0.044 mm
Concentrate after re-cleaning on 0.037 0.70 38 1.04 0.20
the screw separator
Concentrate after the centrifugal
-0,044+0 | ynit 0,0013 | 0,24 37 1,05 0,11
Tailings 5,26 99,26 36 3,47 99,69
Original material -0.074+0.044 5.36 100 35 345 )
mm
Original material -5+0 mm 50,66 100 - 1,30 -
Class size -2+0 mm 42,88 100 - 1,41 -
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Figure 2 — The process chart for processing samples from the Takyr-Kaldzhir site.
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The amount of finely dispersed gold was determined by thermal activation in the
designed thermal activator. Thermal activation was done by means of red heating of a sample
receptacle from the outside by burning coal (temperature 400—750-800°C). The sample material
was heated (450-1,000 degrees) inside the thermal activator in a hot gas medium without air
access and disruption of continuity of the studied material. The organic mineral “crusts” of
gold particles were destroyed, melted and enlarged. Volatile fractions were also captured in
a thermal activator using a specially developed carbon-containing sorbent (Zakharov et al.,
2004; Peregudov et al., 2022).

Moreover, the maximum content of nano-gold, to which we think its volatile fractions
(i.e. sorbed) belong, is in clayey-sludge ~70 % (68.87 %) and fine-grained material (-0.1+0.074
mm) ~55 % (54. 61 %). In the rest materials it is within the range of 15-25 %.

Thus, using the thermal activation analysis it was possible to confirm not only the
presence of finely dispersed gold, but also its content (1.74 g/t) in sands.

The yield of free gravitating native gold in preparation products is the following:

- Concentrate from the vibrating screw separator - 9.409 mg
- Concentrate from the vibrocentrifugal unit - 0.54 mg
Total in the sample -9.949 mg

In terms of 1m? of sands - 99.65 mg/m?

The results of gravity concentration of bound finely dispersed gold are presented in
Table 3.

Table 3 — The results of gravity concentration of sands, a bulk sample ground in a mill

: Yield %ofthe | Gold _ Gold
Preparation product distribution,
Kg % sample | content, g/t o
+2 (attrited pebble) 79,60 - - 0,37 -
-2 mm 126,40 - - -
Concentrate after re-cleaning on the screw 0,04 0.03 46 274 0.06
separator
Recleaning tailings after the screw separator 6,18 4,89 45 2,74 8,82
Concentrate after the centrifugal unit 0,09 0,08 44 8,76 0,46
Final tailings 120,09 95,0 43 1,45 90,66
Original sand 126,40 100 - 1,52 100

Finely dispersed gold is practically not gravitated (total recovery into the gravity
concentrate was 8.84 %). The content of finely dispersed gold in the sample is 1.52 g/t. The
amount of nano-gold (volatile fraction) is ~9 %. The gold content in the gravity concentrate
is low and low-grade.

The research included a mineralogical description of free native gold in preparation
products of all size classes, selection of -2+0.044 mm classes, weighing, and composition
analysis.

During concentration of fractions, almost all finely dispersed gold was concentrated
in the final tailings.

Finely dispersed gold is practically not gravitated (not concentrated). The total
recovery into gravity concentrate was 8.84 %. The content of finely dispersed gold in the
sample is 1.52 g/t. After thermal activation it increased to 1.90 g/t (by 25 %), the amount of
nano-gold (volatile fraction) is ~ 9 %.
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To capture finely dispersed gold from gravity concentration tailing it is proposed to
use the hydrometallurgical method.

The content of free native gold in the entire sample is 327 mg/m?, i.e. by an order less
than finely dispersed gold content, but it is high-tech and is recovered by simple, cheapest
gravity methods, therefore it is of practical interest.

Assessing of the feasibility of gold recovery from gravity tailings using
hydrometallurgical methods (Plaksin et al., 1964).

To research the cyanide and thiosulfate leaching, three samples were presented:
autogenous mills (sample No. 1), thermal activation (sample No. 2), thermal activation of the
volatile fraction on a carbon-containing sorbent (sample No. 3).

Research on agitation leaching tests was done in the chemical analytical laboratory and
the laboratory of physical methods of analysis of the Institute of Metallurgy and Beneficiation
JSC. The samples were crushed to a particle size of 0.071 mm in a bead mill.

For agitation tests, 100 g sub-samples were taken from each sample to determine gold
presence.

For chemical, X-ray fluorescence and X-ray phase analyzes, averaged and rubbed
samples were taken from mineral samples. To determine the gold content in them, the following
methods of analysis were used: atomic absorption and assay. Elemental composition was
determined using X-ray fluorescence analysis method.

To determine the elements in the samples, an Axios “PaNalyical” (the Netherlands)
combined X-ray fluorescence wavelength-dispersive spectrometer was used.

Qualitative and quantitative X-ray phase analysis was done using a DSADVANCE
diffractometer “Bruker Elemental Gmbh” (Germany).

Of industrial value is only gold the content of which, according to assay analysis, is
(g/t): in sample No. 1-1.0; No. 2-1.2; No. 3—-1.2.

According to the results of phase analysis, basically all samples are represented by
quartz formations (more than 94.9 %), with fragments of calcite (1.6-2.5 %), microcline (1.4—
1.5 %), albite (1.2 %). The results of the analysis of variance show that in the original sample
of crushed ore the largest part is made up of the following size classes: sample 1 and sample
2 — 15-20 microns and 60—70 microns, respectively; sample 3, less than 10 microns.

The experimental results showed that to leach gold in sample 1, the optimal solution
is to use a standard cyanide solution with a concentration of 1 g/l. Gold recovery during
cyanidation of sample 1 was 92-93 %, which is 5—6 % higher than that of thiosulfate leaching.
However, a repeated experiment on gold leaching from sample 1 showed that recovery was
at approximately the same level of 81-84 %, both using cyanidation and a combination of
sodium thiosulfate with ammonium sulfate. This factor demonstrates fairly high efficiency
of this combined leaching solution as an alternative method of cyanide-free leaching of gold.

The effect of using the combined leaching solution (Na,S,0, — 50 g/I, (NH,), SO,
— 25 g/l, Cu— 0.1 g/l at pH 8.3-9.5) was most pronounced when leaching samples 2 and
3. According to the results of analyzes of productive solutions and residual solid sediments
(cakes), gold recovery during leaching of sample 2 was 92.75-93.75 %, and sample 3—89.58—
91.67 %. These results also indicate the effectiveness of the previously described combination
of reagents in a slightly alkaline medium as a leaching solution for gold-containing raw
materials. They also prove that these experiments can be used for future development of
cyanide-free hydrometallurgical technologies for gold production.

Conducting agitation leaching tests
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Cyanidation tests were done using the agitator at a rotation speed of 40 rpm. The mass
of samples 1, 2 and 3 in each series of experiments is 100 g.
This section contains the results of hydrometallurgical studies of original size (-0.071
+ 0 mm) of samples No. 1, No. 2 and No. 3. Agitation leaching tests on each sample:
sample No. 1 agitation test with a 1.0 g/l NaCN concentration;
Na,S O, -50 g/l, (NH,),SO, - 25 g/l, Cu- 0,1 g/l, pH - 8,3-9,5;
Na,S O, - 30 g/, (NH,),SO, - 20 g/1, Cu- 0,1 g/l, pH - 8,3-9,6
sample No. 2 agitation test with a 1.0 g/l NaCN concentration;
Na,S 0, -50 g/l, (NH,),SO, - 25 g/l, Cu- 0,1 g/l, pH - 8,3-9,5;
Na,S O, - 30 g/, (NH,),SO, - 20 g/, Cu- 0,1 g/l, pH - 8,3-9,6
sample No. 3 agitation test with a 1.0 g/l NaCN concentration;
Na,S O, -50 g/l, (NH,),SO, - 25 g/l, Cu- 0,1 g/l, pH - 8,3-9,5;
Na,S O, - 30 g/, (NH,),SO, - 20 g/, Cu- 0,1 g/l, pH - 8,3-9,6
Repetition of experiments for internal/external check (agitation leaching):
Cyanide leaching tests of all 3 samples with a concentration of 1 g/l;
Thiosulfate leaching tests in various options:
(NH,),S,0, - 50; (NH,),SO, - 25; Cu—0,1 at Ph = 8.3-9.5
(NH,),S,0, - 30; (NH,),SO, - 20; Cu—0,1 at Ph = 8.3-9.5

To study the technological properties of original samples 1, 2 and 3, cyanide and
thiosulfate leaching tests were done using different concentrations and durations.

In order to increase the reliability of the results in each leaching mode, the
experiments were repeated on three samples in the agitation mode.

The tests to study the effect of cyanide and thiosulfate concentration on gold
recovery were done on materials of the following size: 92 % of -0.071 mm class. The
samples for research were ground in a laboratory ball mill MSHL-1. It is designed for fine
and wet grinding of samples of various raw materials. Drum rotation speed is 112 rpm. The
diameter of the balls is 15-20 mm.

Leaching parameters identical for all tests are given in Table 4. Cyanidation was done
in agitation mode. The laboratory test with stirrers is shown in Figure 3.

NaCN-1 g/l thiosulfate NaCN-1 g/l Thiosulfate leaching 30/20
leaching 50/25 NaCN-1 g/l

Figure 3 — The laboratory agitators for research on agitation leaching
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Table 4 — Leaching mode of original samples

Parameter Unit Value
Cyanide concentration (NaCN) g/l 1,0
Thiosulfate leaching (Na,S,0,) 50
(NH,),SO,) g/l 25
Cu 0,1
Thiosulfate leaching (Na,S,0,) 30
(NH,),SO,) 20
Cu 0,1
Cyanidation duration Hr 24
Pulp density during cyanidation % of solid residue 30
PH - 8.3-9.5
Solid to liquid ratio 1:3

The results of cyanidation and thiosulfate tests with different concentrations of original samples are given in Table
5.

Table 5 — Results of leaching samples 1, 2 and 3

E Au, %
Au Au, mg/l For solid residue
Sample initial, | Leaching solution | V, ml for solution
e Shr [24hr| Shr | 24hr A“gc/*t‘ke’ E Au, %
NaCN -1 g/l,
1,0 230 | 0,27 | 04 62,10 92,00 0,07 93,00
pH - 10,5-11,0
Na,S.0,-50 g/l,
(NH,),SO, - 25 g/l,
1,0 230 | 0,26 | 0,37 59,80 85,10 0,13 87,00
Original Cu-0.1¢l,
sample 1 pH - 83-9,5
Na,S.0,-30 g/l
(NH,),SO, - 20 g/1,
1,0 230 | 0,24 | 0,36 55,20 82,80 0,16 84,00
Cu-0,1 g/l
pH - 8,3-9,6
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NaCN -1 g/l,
1,2 300 02 | 032 50,00 80,00 0,22 81,67
pH-10,5-11,0
Na,S.0, - 50 g/l
(NH,),SO, - 25 g/l,
1,2 250 | 0,24 | 0,45 50,00 93,75 0,087 92,75
Original Cu-0.1¢l,
sample 2 pH - 8,3-9,5
Na,S,0, - 30 g/l,
(NH,),SO, - 20 g/l,
1,2 250 | 0,25 | 0,38 52,08 79,17 0,22 81,67
Cu-0,1 g/l,
pH - 8,3-9,6
NaCN - 1 g/l,
1,2 200 | 0,33 | 0,5 55,00 83,33 0,15 87,5
pH-10,5-11,0
Na,S.,0, - 50 g/l
(NH,),SO, - 25 g/l,
1,2 250 | 0,26 | 0,43 54,17 89,58 0,1 91,67
Original Cu-0.1gl
sample 3 pH - 8,3-9,5
Na,S.0,-30 g/l,
(NH,),S0O, - 20 g/l,
1,2 250 | 0,25 | 0,37 52,08 77,08 0,26 78,33
Cu-0,1 g/l,
pH -8,3-9,6
Table 6 — Repeating experiments with original samples 1, 2 and 3
0
o Au, mg/l E Au, A) L For solid residue
Au initial, . . solution
Sample " Leaching solution V, ml Au cak
& 8hr | 24hr | 8hr | 24nr | AUcake | EAu
g/t %
NaCN -1 g/l,
1,0 230 0,24 | 0,36 | 55,20 | 82,80 0,18 82,00
pH-10,5-11,0
Na,S.0, - 50 g/l,
Original A &
sample 1 (NH,),S0, - 25 g/l,
1,0 270 0,22 0,3 59,40 | 81,00 0,16 84,00
Cu-0,1 g/l
pH - 8,3-9,5
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NaCN - 1 g/l,
1,2 300 | 02 | 033 | 50,00 | 82,50 | 0,19 | 84,17
pH - 10,5-11,0

Na,S.0, - 50 g/l,

(NH,),SO, - 25 g/,
1,2 280 | 0,25 | 0,36 | 58,33 | 84,00 0,16 86,67
Original Cu-0.1¢l,
sample 2 pH - 8,3-9,5

Na,S.0, -30 g/l

(NH,),SO, - 20 g/l,
1,2 290 0,15 | 0,35 | 36,25 | 84,58 0,15 87,50
Cu-0,1 g/l
pH - 8,3-9.6
Na,S.0, - 50 g/l

(NH,),S0, - 25 g/l,
o3 1,2 270 | 0,25 | 037 | 56,25 | 83,25 0,14 | 8833
Sample Cu-0,1 g/,

Original

pH - 8,3-9.5

The data in Tables 6 and 7 show that 92 % of the -0.071mm class of crushed samples
significantly affects the performance of cyanide and thiosulfate leaching. The degree of gold
recovery as a result of solid residue cyanidation for samples 1, 2 and 3 is 93.0 %, 81.67 %,
87.5 %, respectively; for thiosulfate leaching — 87.0 %, 92.75 %, 91.67 %, respectively.

In the subsequent repeated tests for cyanidation, 92 % of crushed samples with a par-
ticle size of -0.071 mm were used. Gold recovery in samples 1 and 2 is 82.0 % and 84.17 %,
respectively; for thiosulfate leaching, gold recovery in samples 1, 2 and 3 is 84.0 %, 87.50 %
and 88.33 % respectively.

Based on the data obtained, a histogram (Figure 4) was made showing gold recovery
levels for each reagent.

91.7

90.0

§0.0

75.0 1

el n e

TCA 3020 CN 1 g/l|TCA 5025

CN1 g/l |TC‘A 50125

Sample 1 Sample 2 Sample 3

TCA — thiosulfate leaching, CN — cyanidation
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Figure 4 — Dynamics of leaching original samples 1, 2 and 3 with cyanide and using various options
of thiosulfate leaching for solid cake

Gold precipitation from product solutions

To recover gold from cyanide solutions, the zinc precipitation method was used. Cur-
rently, this is a leading method in the practice of the gold mining. However, in recent years,
the sorption method, based on the use of ion exchange resins and active carbons, has become
increasingly widespread.

In the series of metal voltages in cyanide solutions, the potential of zinc (-1.26 V) is
more negative than the potentials of gold (-0.54 V) and silver (-0.31 V).

Therefore, zinc metal easily displaces noble metals from cyanide solutions:
2Au(CN), +Zn=2Au+Zn (CN)*> )

2Ag (CN), +Zn=2Ag + Zn (CN) * )

The equilibrium constant of reaction (1) is 1.0-1023, and that of reaction (2) is 1.4-
1032. Therefore, in terms of thermodynamics, gold and silver can be precipitated almost
completely. Along with the main reactions (1) and (2), there are significant side reactions during
the cementation process. Being a strong reducing agent, zinc can reduce water molecules to
release hydrogen gas:

2H,0 = H, +20H — 2¢, P0=-0_83 B 3)

Precipitation of gold from cyanide solutions using the cementation method. After
leaching samples 1, 2 and 3, from cyanide solutions, gold was precipitated using zinc dust
(Figure 4, 5 a-d, Table 7).

| a b & d

a—sample No. 1B (thiosulfate leaching 30/20); b — sample No. 3B (50/25);
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¢ —sample No. 1B (NaCN-); d — sample No. 2B (thiosulfate leaching 50/25).

Figure 5 — Precipitation of product solutions with zinc dust

Conditions of the experiment

Consumption of zinc dust — 0.1 g/l. Precipitation time — 6 hours. For the precipitation
experiment, solutions obtained during leaching of the samples were used:

1 — cyanide and thiosulfate 30 g/l; 2 — thiosulfate 50 g/l; 3 — thiosulfate 50 g/l.
Precipitation was done with residual volumes of these solutions. The gold recovery was
calculated based on gold assays before and after the precipitation.

Table 7 — The results of gold precipitation from product solutions onto zinc dust

Leaching solution Before prel;:iglilitation Au, After ijigj{aﬁon preCipﬁ;ted’ "
Sample 1 original, CN 0,4 0,0 100,0
Sample 1 — thiosulfate leaching 30/20 0,36 0,06 83,3
Sample 2 — thiosulfate leaching 50/25 0,45 0,05 88,9
Sample 3 — thiosulfate leaching 50/25 0,43 0,05 88,4

Since zinc dust oxidizes easily, there is always some amount of oxide in it. With large
specific surface, such dust precipitates gold at high speed and level of completeness.

In production conditions, with a low gold content in the solution, the consumption
of zinc dust is usually 15-25 g per 1 ton of solution. In rich solutions, it increases to 40-50
g per 1 ton of solution. The consumption of lead salts is approximately 10-30 % of the dust
consumption. The degree of gold precipitation reaches 99.5-99.9 %; the concentration of gold
in gold-free solutions does not exceed 0.02—0.03 g/m°.

Gold precipitation using zinc dust results in cyanide sediments (sludge) with a very
complex material composition.

The specified conditions of the process make it possible to recover 92.0 % of gold
from sample No. 1 with an estimated gold content of 1.0 g/t and almost complete recovery
using cyanide, and to produce cakes after leaching with a minimum gold content of 0.07 g/t.
At thiosulfate leaching (50/25), gold recovery is 92.75 %.

Conclusion

Based on the study of the mineral composition of gold-bearing pebbles and the forms
of occurrence of the useful component in them, their concentration characteristics were
researched.

A representative sample was taken from the pebbles of the Takyr-Kaldzhir site. The
concentration process chart and the aggregate technological installation for processing mineral
samples were developed.

The content of finely dispersed gold in gold-containing products was checked by
means of thermal activation in the designed thermal activator.

The content of free native gold in the entire sample is 327 mg/m?, i.e. by an order less
than finely dispersed gold content, but it is high-tech and is recovered by simple, cheapest
gravity methods, therefore it is of practical interest.

Gravity concentration of various fractions of natural sand samples pre-processed in
the autogenous mill was done using the developed chain of devices consisting of the vibrating
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screw separator and centrifugal devices.

Finely dispersed gold is practically not gravitated (cannot be concentrated). The total
recovery into the gravity concentrate was 8.84 %. The content of finely dispersed gold in the
sample is 1.52 g/t. After thermal activation it increased to 1.90 g/t (by 25 %). The amount of
nano-gold (volatile fraction) is ~9 %.

The research was conducted with regard to gold recovery from gravity concentration
tailings based on cyanide and thiosulfate leaching.

The effect of using the complex leaching solution (Na,S O, - 50 g/1, (NH,) SO, - 25 g/1,
Cu - 0.1 g/l at pH 8.3-9.5) was most pronounced when leaching samples 2 and 3. According
to the results of analyzes of productive solutions and residual solid sediments (cakes), gold
recovery after leaching sample 2 amounted to 92.75-93.75 %; sample 3, 89.58-91.67 %.
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