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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 xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamelell, asmopos,
uzoamenei u yupescoenuil. Brmouenue Hzeecmusi HAH PK. Cepus eeonoecuu u mexHuueckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nauty npugepiceHHocms K Haubonee
AKMYANIbHOMY U GIUAMENbHOMY KOHMEHMY NO 2€0102Ul U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmaa.



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
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Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022
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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».
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
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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
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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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A. Donayev’, A. Kolesnikov!'", Sh. Shapalov!, B. Sapargaliyeva?,
G. Ivakhniyuk?®

'South Kazakhstan State University named after M. Auezov,
Shymkent, Kazakhstan;
2Abai Kazakh National Pedagogical University, Almaty, Kazakhstan;
3St. Petersburg State Institute of Technology, Saint-Petersburg, Russian.
E-mail: kas164@yandex.kz

STUDIES OF WASTE FROM THE MINING AND METALLURGICAL
INDUSTRY, WITH THE DETERMINATION OF ITS IMPACT ON THE
LIFE OF THE POPULATION

Abstract. This article presents physicochemical studies of technogenic waste
of mining and metallurgical industry - tails from enrichment of ores of non-
ferrous metals. In particular, the modern state of the mining and metallurgical
industry, problems of technogenic waste formation, sampling of technogenic
raw materials in the form of tailings from enrichment of nonferrous metal ores
at a technogenic mineral structure are considered. Methods of examination of
technogenic wastes are presented, the techniques of particle size distribution
(using sieve analysis), chemical, electron-microscopic (using scanning electron
microscope JSM-6490LV) and X-ray phase analysis (using X-ray diffractometer
ARL X’TRA) are described. As a result of a series of researches were established
coordinates of angular points of a geological allotment of the tailings dump, at
carrying out of physical and chemical methods of the analysis of technogenic
wastes from enrichment of mining - metallurgical industry, defined the
granulometric composition of tails from enrichment of nonferrous metals ores
by means of sieve analysis, determined the elemental and chemical composition
of samples of tails from enrichment of nonferrous metals ores, determined
chemical and mineralogical composition of wastes from enrichment of mining -
metallurgical industry. According to the results of the research the granulometric,
chemical, elemental and mineralogical composition of the studied waste from
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the enrichment of nonferrous metal ores was established and determined. On
the basis of the received results number of conclusions and inferences are
formulated in relation to anthropogenic effects of industrial wastes in the form
of nonferrous metal ores dressing tailings on the environment and human life
safety and possibility of using industrial wastes as a secondary technogenic raw
material for a number of industries and manufactures.

Key words: enrichment waste, anthropogenic impact, human safety, non-
ferrous metals, environment, tailings, and recycling.

A.E. lonaes', A.C. Kosecuukos!", III.K. IllanasoB'",
B.O. Canapraymmena?, I.A. UBaxHiok®

'M. Oye3oB arbiHnarel OHTYCTiK Kazakcran YHuBepcureri,
[IemvkenT, Kazakcran;
?AGaii arpiHarbl Ka3ak yITTBIK Me1arorMKaiblK YHUBEPCHTET,
Anmarsl, Kazakcramn;
3CankT-IletepOypr yITThIK TeXHOMOTHSIBIK HHCTHTYT (TEXHHUKAJIBIK
yuusepcureT), Cankt-IletepOypr, Peceil.
E-mail: kas164@yandex.kz

TAY-KEH METAJITYPI'USI OHEPKOCIBIHIH
KAJIABIKTAPBIHBIH XAJIBIK OMIPIHE OCEPIH 3EPTTEY

AnHoTanusi. byn Makamama Tay-KeH METAUTypTrusi ©HEPKOCIOIHIH TEXHO-
TeH/IIK KaJIBIKTapbIHBIH — TYCT1 METaJUT KeHEpiH OalbITyJaH aIbIHFaH KaJIbIK-
TapbIHBIH (PU3UKATBIK-XUMUSIIBIK 3epTTEYIIepl KENTIpIATeH. ATan alTKaH/1a, Tay-
KEH METaJUTYprusi ©HepKaCiOiHIH Ka3ipri kaif-Kyii, TEXHOTSH K KaJIBIKTap IbIH
naiga 6oy Macenenepi, TycTi MeTasl KeHAepiH OalbITyIaH KalFaH KalJbIKTap
TYPIHAET1 TEXHOTEHAIK IIMKI3aTTbIH TEXHOT€HIIK MUHEPAJAbIK KYpbUIbIM-
JapbIH/Ia ChIHAMANIap/bl ipikTey T.0. TeXHOTeH 1 KaJIAbIKTapbl 3ePTTEY JIICTEPI
KEJTIPiITreH, rpaHyJIOMETPHUSIIBIK (€K TaaAaybIH KOJIIaHa OTBIPHII ), XAMUSLITBIK,
ANEKTPOHBIK-MUKPOCKONUSIIBIK ~ (JSM-6490LV  pacTpiibIK  3JIEKTPOHIBIK
MHKPOCKOIIBIH KOJIZITaHa OTBIPHIN) )oHe peHTreHodasanbik (ARL X ¢ TRA pent-
reHJliK Iu(dpakTOMETpiH KOJJaHa OTBIPBIN) Tajjayjiap SicTeMelepl cumar-
tanFaH. JKypriziareH Oipkarap 3epTTeyiep HOTIKECIHAE KaJJbIK KOMMAacChIH
TCOJIOTUSIIBIK OOJTy/iH OYPBIMITHIK HYKTEIEPIHIH KOOPAMHATTAPHI aHBIKTAJIbI,
Tay-K€H METAJUTYpPTHus OHEpKICiOiH OaibITymaH KallFaH TEXHOTCHIIK KaJIbIK-
Taplbl TalaayablH (U3UKAIBIK-XUMUSIBIK OIICTEpIH JKYPridy Ke3iHIae elnek
TaJ/JayblHbIH KOMEriMeH TYCTI MeTajjap KeHJEepiHiH OalbITygaH KalFaH
KaJJIBIKTapAbIH TPaHYJIOMETPUSIBIK KYpaMbl aHBIKTAIIBI, TYCTI MeTaijaap
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KeHJepiH OalbITyqaH KajfaH KaJAbIKTap ChlHAMAJApbIHBIH JJIEMEHTTIK-
XUMMSUIBIK KYpaMbl aHBIKTaJbl, TYCTI MeTajap KeHJepiH OailbITynaH KalFaH
KaJ/IBIKTap ChIHAMAJIAPbIHBIH ~PEHTTCH-KYPBUIBIMIBIK —Talgdy KeMeriMeH
Tay-KeH METAJUTyprusi OHepKociOiH OalbITyqaH albIHFaH KaJJIbIKTap/IbIH
MUHEPAJIOTUSJIBIK KYpambl aHBIKTAJbl. 3€pTTEy HOTHKeNepl OOMbIHIIA TYCTI
MeTayll KeHJAEpiH OaWbITydaH KaifaH KaJAbIKTapAblH T'PaHyJIOMETPUSIIBIK,
XUMMSUIBIK, SJIEMEHTTIK, MHHEPAJOTHsUIBIK KYpambl aHBIKTAIAbL. AJIBIHFaH
HOTIDKEIIEp HET131H/Ie TYCTI MeTaJlI KeHJepiH OallbITyiaH KalFaH KaJlabIKTapIbl
KQJIJIBIKTap TYPIHIE OHEPKOCINTIK KaJABIKTapIbIH aHTPOIIOTCHIIK 9dCEPiHIH
KOpILIaraH opTara, aJaM eMIpiHiH KayilCi3Airine >oHe OipKarap eHEepKacilTep
MEH OHIpICTep YUIIH KaiTajgama TEXHOTeH[IK IIMKi3aT PeTiHJe OHEPKICINTIK
KaJIJIBIKTapAbl TTalamany MYMKIHITIHE KAThICTBI OipKaTap TYKBIPhIMIAp MEH
KOPBITBIH/IBLIIAP KACaJIIbI.
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HCCJEJOBAHMSA OTXOJ0B TOPHO-METAJLTYPTUUECKOM
IMPOMBIIIVIEHHOCTHU C OIIPEJEJIEHUEM UX BIIMAHUA HA
KN3Hb HACEJIEHUSA

AHHOTanus. B Hacrosmel crarbe MpUBEICHB (PU3NKO-XUMHUYECKHE HUCCIIe-
JIOBaHUSI TEXHOT€HHBIX OTXOJOB FOPHO-METAJLTYPTUYECKON MPOMBIIUIEHHOCTH
— XBOCTOB OT 00OTaIlleHus py/l [IBETHBIX METAJUIOB. B yacTHOCTH, pacCMOTpPEHO
COBPEMEHHOE COCTOSTHHE TOPHO-METAJUTYPrHUECKON MPOMBIILIEHHOCTH, TPO-
611eMbl 00pa30BaHMs TEXHOTEHHBIX OTXOJI0B, TPOOOOTOOP HA TEXHOTCHHOM MHU-
HEepaJILHOM COOPY>KEHUH TEXHOTEHHOTO CHIPhSI B BHJIE XBOCTOB OT 00OTaIeHHUS
PYI LBETHBIX MeTa/uIOB. [IpUBEACHBI METOIBI MCCIIEIOBAHUS TEXHOTEHHBIX OT-
XOJIOB, ONHCAHBbl METOJUKHU TPAHYIOMETPUYECKOTO (C MPUMEHEHHEM CHUTOBOIO
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aHalu3a), XUMHUYECKOT0, 3JIEKTPOHHO-MHUKPOCKOIIUYECKOro (C MPUMEHEHUEM
pacTpoBOro MEKTpOoHHOTO MUKpockona JSM-6490LV) u perrrenodasoBoro (¢
npuMeHeHneM peHTreHosckoro audpaxromerpa ARL X’ TRA) ananusos. B pe-
3yabpTare MPOBEACHHOTO psilia UCCIEI0BaHUIN ObUIM YCTAHOBJICHBI KOOPIMHATHI
YIJIOBBIX TOYEK T'€OJIOTHYECKOTO OTBOJIA XBOCTOXPAHWIIUINA, MIPH TPOBEICHUN
(U3MKO -XUMHUECKHUX METO/I0B aHaJIM3a TEXHOTEHHBIX OTXOJ0B OT 00OTraIeHus
TOPHO - METAJUTypPrUYeCKOW MPOMBIIIEHHOCTH, OIpe/eeH IpaHyloMeTpuye-
CKHUIl COCTaB XBOCTOB OT 00OTaIIEHUs PY/I [IBETHBIX METAJUIOB IPH ITOMOIIU CH-
TOBOT'O aHAJIN3a, YCTAHOBJICH JIEMEHTHO- XUMUYECKUI COCTaB MPOO XBOCTOB OT
oOorareHus py/ IIBETHBIX METAIJIOB, OTPE/IEICH XUMHUECKUN U MUHEPAJIOTH-
YEeCKHI COCTaB OTXOJO0B OT OOOTaIlleHHUs] TOPHO-METAJUTYPrHueCKON MPOMBIIII-
JIEHHOCTH MPU MOMOIIY PEHTTEHO - CTPYKTYpHOTro aHanu3a. [1o pe3ynsraram uc-
CJICZIOBAaHMI YCTAHOBIICHBI U OTIPEIEIICHBI IPAHYIOMETPHUECKUN, XUMHUUECKUH,
3JIEMEHTHBIN, MUHEPATIOTHUECKHI COCTaBbl HCCIIEAYEMBIX OTXO/I0B OT oboraiie-
HUS Py IBETHBIX METayIoB. Ha OCHOBaHWM TOITyYeHHBIX Pe3ylbTaTtoB chop-
MYJIMPOBAH psijl BHIBOJOB U 3aKJIIOYEHUN OTHOCUTEIBHO aHTPOIIOT€HHOTO BO3-
JEICTBUS IPOMBILIUIEHHBIX OTXOA0B B BUE XBOCTOB OT 00OTaIleHUs Py LIBET-
HBIX METAJUIOB Ha OKPYKAIOUIYIO Cpedy M 0e30MacHOCTh KU3HENEATEIbHOCTH
YeJloBeKa U BO3MOXKHOCTH MPUMEHEHUS MPOMBIIIJIEHHBIX OTXOJ0B B KaueCTBE
BTOPHYHOTO TEXHOTEHHOTO CHIPBS JUIS Psiia IPOMBIIUIEHHOCTEH ¥ IPOM3BOACTB.

KiroueBble c10oBa: oTX0bl OT 00OTaIIEHUs, aHTPOIIOTE€HHOE BO3/IEHCTBHE,
0€301MaCHOCTb KU3HEAEATEIbHOCTH YEI0BEKa, LIBETHBIE METAJLJIbI, OKPYKaroIas
cpena, XBOCTOXPAHWIHIIE, yTUIH3AIIHA.

Introduction. The mining and metallurgical industry is Kazakhstan’s most
important industry, accounting for 15.2 percent of total industrial output. Many
mining and metallurgical industries are city-forming, so the development of
the mining and metallurgical complex (hereinafter - MMC) is the development
of cities, jobs for over 200 thousand people, and the accumulation of massive
waste from enrichment (Kolesnikov et al., 2021). The total volume of mined
solid minerals in the CIS is about 3.5 billion m3 per year, and taking mining
and enrichment works into account - about 5 billion m3, i.e. 1.5 billion m3 of
rocks are mined by-products (the majority of which after enrichment are stored
in dumps and tailings), to provide extraction of basic minerals from the earth.

The message of the First President of the Republic of Kazakhstan - the Leader
of the Nation, N.A. Nazarbayev to the people of Kazakhstan dated January 10,
2018 “New Opportunities for Development in the Fourth Industrial Revolution”
notes that the modern world, as before, continues to require resources that will
play a separate role in the development of the global economy and the economy
of our country in the future. However, it is also necessary to critically rethink
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the organization of the resource industries, and specific approaches to natural
resource management. Actively implementing integrated information and
technological platforms for natural and man-made raw materials is required.
And significantly increase the requirements for industrial energy and resource
efficiency.

At the moment, due to the depletion of valuable metals in ores and the
increasing amount of difficult-to-enrich raw materials (Kolesnikov et al., 2021),
(Alshanov et al., 2004), it is economically feasible and necessary to process
both poor, substandard, and difficult-to-access mineral raw materials and man-
made materials, particularly those found in dumps and tailings in Kazakhstan,
Uzbekistan, Russia, Finland, Poland, Ukraine, Canada, and Argentina.

It is known that the main resources in the production of various materials
were previously provided by the traditional mineral raw materials. In the new
economic realities, this approach is qualitatively changing, and industrial wastes
act as secondary raw materials (Kolesnikov et al., 2021:), (Alshanov et al.,
2004), (Nadirov et al., 2017), (Evdokimov et al., 2014), (Sergeeva et al., 2016).
The cost of such raw materials is much lower, and the conditions of processing
are often simple. These features of economic development insistently require
qualitative study of all kinds of accumulated and unused waste. One of such
wastes is lead-zinc wastes (Abdraimova et al., 2010) of the mining, processing,
and metallurgical industries - stockpiled in a tailings dump (Kanaev et al., 2016)
near the settlement of Bayaldyr (Figure 1) in the Turkestan region of Kazakhstan
(Kalmakhan, 2022). Bayaldyr tailings dump is a complex of special structures
and equipment designed for storage of waste tailings of lead-zinc ore enrichment,
called tailings. At the beneficiation plant concentrate was produced from the
incoming mined lead-zinc ore, and the processing waste was transferred to the
tailings dump. At present, according to different data, about 136-150 million tons
of waste from enrichment are stored there (Bekebaeva et al., 2019), (Kalmakhan,
2022). At the same time, the tailings dump occupies a significant area of land in
the southwestern part of the Kentau region and amounts to about 333.0 hectares.

The geological structure of the Bayaldyr tailings dump is represented by the
object of storage of tailings of flotation enrichment of polymetallic ores of non-
ferrous metals by the Kentau and Mirgalimsay processing plants. The surface
plan of the Bayaldyr tailings dump at the time of construction is shown in Figure
2.

The tailings dump was built in 1961. The bottom (sole) of the Bayaldyr
tailings dump is composed of quaternary loam with a capacity of 0.5 to 15 m.
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Figure 1- Photo of a part of Bayaldyr tailings dump for waste from lead-zinc ore processing in
Turkestan region

Scale 1:10000

'l ~

Figure 2 — Surface plan of Bayaldyr tailings dump at the time of construction
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Strengthening, sealing or waterproofing of the bottom (sole) there was no
tailings storage during its construction. The sides (dam) of the tailings dump
are filled with unsorted rocks of the Mirgalimsay deposit — blocks (up to 1.5
m), crushed stone, gravel and loam. The composition of the stone material is
limestones and dolomitized limestones. The width of the dam 1s 175-270m. The
height of the sides (dams) is 0-45m. The Bayaldyr tailings dump was filled via
a pulp pipeline connected to the northeastern side of the tailings dump and laid
along the northern side of the dam. The south-western part of the tailings dump
(65% of the total area) is recultivated — covered with a layer of 0.3-0.5 m of sand
and gravel deposits. The surface of the tailings dump is not flooded with water,
it is dry. There is no vegetation at the moment.

According to studies by a number of scientists (Kanaev et al., 2016),
(Bekebaeva et al., 2019), it was found that the tailings from enrichment, located
in the tailings have the following chemical and mineralogical composition, given
in Table 1.

Table 1- Chemical and mineralogical composition of Bayaldir tailings waste

Elements and compounds, %
Pb |Zn |Fe  |FeS, |MgO|CaO|AlO,|SiO, |PbSO,|PbCO, |PbS |ZnCO,|ZnSiO, |ZnS

com 2

1.814.9]7.13 |11.2510.45 [4.8914.64 |54.75|0.32 10.52 |0.95/0.73 ]0.33 3.84

From the chemical composition of waste from enrichment, we can see that
their chemical composition contains a number of useful compounds, in particular,
oxides of silicon, aluminum, and iron, as well as residual compounds of lead and
zinc, which in terms of ecology and human life safety are heavy nonferrous
metals, which have a negative anthropogenic impact on the environment and
public health, but at the same time, they are one of the valuable non-ferrous
metals for the metallurgical industry (Kalmakhan, 2022), (Ayeni et al., 2012),
(Kolesnikov et al., 2022), (Chen et al., 2011),(Zhanikulov et al., 2022),
(Choudhary et al., 2013), (Darweesh et al., 2014), (Zhanikulov et al., 2021)
and can be used as secondary raw materials in a number of industries, such as
metallurgy and chemical technology.

Unfortunately, in contrast to foreign countries with developed economies,
the practice of processing tailings from enrichment is not widespread in CIS
factories, despite their huge number.

Thereby, research and scientific work aimed at reducing energy consumption
and specific costs of raw materials, with the involvement in the production
cycle of man-made raw materials as secondary, while reducing the harmful
anthropogenic effects on the environment and human safety through the recycling
of man-made waste are relevant, new and require a comprehensive qualitative
approach for their further development and implementation in production.
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Material and methods. The materials used in the present research were
enrichment wastes from the Bayaldyr tailings dump. The Bayaldyr tailings dump
is located near Kentau city of Turkestan region (formerly Chimkent and South
Kazakhstan) 0.4 km to the east of the village of Bayaldyr. Geomorphologically,
the Bayaldyr tailings dump is confined to the northern slope of the ridge separating
it from Bayaldyr settlement.

Sampling was carried out manually according to GOST 28192-89. There
were taken S-point samples along the perimeter of the tailing storage facility,
which were subsequently combined into a combined sample. The combined
sample, consisting of an appropriate number of point samples, was numbered
in accordance with the accounting system and delivered to the laboratory for
sample preparation, where it was subjected to further processing (Poizot et al.,
2008). The selected samples were subjected to physical and chemical methods
of analysis, in particular, granulometric, chemical (Wise et al., 2015), electron
microscopic analysis on a scanning electron microscope, and X-ray phase
analysis.

Electron microscopic type of analysis was carried out on a scanning electron
microscope JSM-6490LV (Figure 3a). With the help of an electron microscope
in the field of binders we can study the following issues: the shape and size of
individual crystals; processes of growth and destruction of crystals, processes
occurring at the boundaries of grains, phase transformation during heat treatment
and cooling and a number of other more private tasks. SEM - a device that is
based on the television principle of sweeping a thin beam of electrons over the
surface of a specimen under study. The electron beam falling on the surface of
the sample interacts with the substance, which results in a number of physical
phenomena. After that, a relief picture of the sample surface is obtained on the
screen. The sample under study does not require any special preparation: it is
placed on the device in the state which is necessary according to the plan of the
experiment (Kannan, 2018).

A reliable experimental method for obtaining data on the structure and lattice
dynamics of solids under such external influences as pressure and temperature
is X-ray diffraction analysis. It has a number of important advantages. For
example, the solid itself is examined in an unchanged state and the result of the
analysis is a direct identification of the substance or its constituents. The main
purpose of X-ray diffraction analysis (XRF) is to identify the different phases in
a mixture of phases on the basis of the diffraction pattern of the sample under
study. In the practice of X-ray diffraction analysis as polycrystalline bodies, the
powder or Debye-Scherer method is mainly used. This method is a widespread
method for X-ray structural analysis of fairly well-oxidized substances. An
X-ray diffractometer ARL X’TRA (Thermo Fisher Scientific (Ecublens) SARL,
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Switzerland.) was used for the X-ray structural analysis, the appearance of which
is shown in Figure 3b.

a- JSM-6490LV scanning electron microscope b- X-ray diffractometer ARL
X'TRA
Figure 3- Laboratory equipment for physical-chemical methods of analysis

The ARL X’TRA X-ray diffractometer is designed to measure the intensity
and diffraction angles of X-rays diffracted on a crystalline object for X-ray
diffraction and X-ray structural analysis of materials. The ARL X’TRA
diffractometer is a stationary, automated, floor-standing laboratory instrument.
The operating principle of the instrument is based on the registration of X-ray
radiation diffracted by elements of the crystal lattice of the studied sample
(Bunaciu 2015).

Results. According to the results of physical and chemical investigations of
samples of waste from enrichment in the Bayaldyr tailings dump, the following
results were obtained, in particular, the coordinates of the Bayaldyr tailings
dump were established, which are shown in Table 2.

Table 2 - Coordinates of corner points of the Bayaldyr tailings pond

. Coordinates of the corner points of the geological allotment
N° points : :
northern latitude eastern longitude
1 2 3
1 43°30°52,3” 68°26°45,5”
2 43°30°47,7” 68°26°44,1”
3 43°30°32,4” 68°26°58,9”
4 43°30°22,7” 68°27°31,8”
5 43°30°25,9” 68°27°46,8”
6 43°30°37,1” 68927°48,7”
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7 43°31°11,8” 68°27°26,1”
8 43°31°26,3” 68°28°11,1”
9 43°31°17,9” 68°28°16,5”
10 43°31°09,0” 68°28°18,5”
11 43°31°06,0” 68°28°14,4”
12 43°30°53,7” 68°28°05,4”
13 43°30°48,8” 68°27°59,8”
14 43°30°32,0” 68°27°51,8”

The granulometric composition of tailings from the enrichment of ores of
non-ferrous metals during the study by fractions was the following values:

1)-5-2.5mm - 0-0.7%;

2)-2.5-1.25mm - 0-0.1%;

3)-1.25-0.63mm - 0.0-0.7%;

4)-0,63 - 0,315mm - 0,3-5,4%;

5)-0,315-0,16 mm - 1,3-8,7%;

6) - less than 0.16 mm - 88.4-96.8%.

The results of the electron elemental microscopic analysis are shown in Figure

S _ Bed
1 2 3 4 5 ] 7 8 - 10 1"
Tenr e e — 1 Nonsas wxana 2045 wan. Kypcop: 0.000 [
The .
C O Mg Al Si S K Ca Mn Fe Pb Zn Total
element
Weighing 5 04 4911 199 141 1623 245 049 899 035 241 1,01 232 100

%
Figure 4 - Elemental-microscopic analysis of tailings from the enrichment of the Bayaldyr
tailings pond

The X-ray phase composition of the Bayaldyr tailings is shown in Table 3.

Table 3- X-ray phase composition of Bayaldyr tailings dump waste

Ne Compounds Name weight. %
SiO, Silicon Oxide 54.06
Fe,O, Common iron 5.78

3 FeS, Iron(II) disulfide 3.2
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4 MgO Magnesium Oxide 1.38
5 CaO Calcium Oxide 7.78
6 ALO, Aluminum oxide (alumina) 11.02
7 PbSiO, Lead Metasilicate(II) 1.68
8 PbSO, Lead sulfate (II) 0.32
9 PbCO, Lead Carbonate(II) 0.52
10 PbS Lead Sulfide (II) 1.95
11 ZnCO, Zinc Carbonate (Smithsonite) 0.71
12 ZnSiO, Zinc (II) metasilicate 0.33
13 ZnS Zinc sulfide, (zinc sulphide) 2.73
14 Other 8.54

Discussion. According to the results of Table 2 with the help of the found
coordinate points, it was established that the Bayaldyr tailing dump has the
dimensions 1871-2375 by 569-1404m in plan and represents an area of 2.45 km?.
This area is significant and could have been a fertile area for growing various
cereal crops for agriculture or plant fodder for herbivorous domestic and wild
animals, acting as pastures with its own flora and habitat for wild animals and
birds of the steppe.

From the results of the obtained granulometric composition of tailings from
enrichment of non-ferrous metal ores, it is clear that 88.4-96.8% of the waste
from the Bayaldyr tailings is represented by the dust-like fraction capable of
being transported over significant distances in windy weather, which is typical
for this region. The presence of up to 96% of the dust-like fraction containing
inorganic silicon oxide and heavy non-ferrous metals is capable of spreading
dozens of kilometers from the tailing dump, depending on the wind rose of the
region, thus violating sanitary and hygienic norms of settlements and cities
located in the immediate vicinity of the tailing dump, as well as contamination
of soil, surface waters, and atmosphere, having a negative impact on human
activity, animal and vegetation habitats of the region.

From figure 4, which reflects the results of the elemental-microscopic analysis
of the tailings from the enrichment of the Bayaldyr tailings dump, the elemental
analysis is given, which is represented by the following chemical elements:
C-13.24%; 0-49.11%; Mg-1.99%; Al-1.41%; Si-16.23%; S-2.45%; K-0.49%;
Ca-8.99%; Mn-0.35%; Fe-2.41%; Pb-1.01%; Zn-2.32%. Based on the elemental
composition we can see the presence of heavy non-ferrous metals in the form of
lead and zinc, as well as sulfur, manganese, and iron, which can have a negative
impact on both the natural environment and human activities.

Table 3, which shows the chemical and mineralogical composition of the
enrichment waste, shows that the waste from enrichment is represented by the
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following minerals: SiO,- 54.04%; Fe,0,-5.78%; FeS,-3.2%; MgO-1.38%;
Ca0-7.78%; AlO,-11.02%; PbSiO,-1.68%; PbSO,-0.32%; PbCO,-0.52%;
PbS-1.95%; ZnCO,-0.71%; ZnSi0,-0.33%; ZnS-2.73%; other-8.54%. The
presence of the above-mentioned compounds, some of which are toxic and
under the influence of climatic conditions have been contributing to pollution
of ground and surface waters, soils of the adjacent area, and atmospheric air for
several decades, having a toxicological and negative impact on the safety of life
activities of people living in settlements near and near the tailing dump, as well
as on the flora and fauna of the region, violating sanitary and hygienic standards.
For example, heavy metals in the form of lead and zinc can migrate from soil to
plants, from plants to animals, and from animals to human organisms through
the food chain, having the ability to accumulate in human organisms causing
different kinds of diseases and abnormalities.

Since the collapse of the Soviet Union, the tailing dump stopped receiving
timely and necessary maintenance and upkeep, having a harmful impact both on
the ecological situation of the region and on sanitary-hygienic norms and human
health. According to the doctor Mukhtar Turisbekov, the health curve of Kentau
region’s residents has significantly decreased due to the presence of the tailing
dump and its anthropogenic impact on people, fauna, and flora located in the
region. The doctor also connects the statistics of cancer diseases in neighboring
settlements and Kentau city with the influence of the tailing dump. Today,
environmental problems of the region are raised by the head of the Department
of Ecology of Turkestan region Kalmakhan K.K. [9], so, in the article of Kanat
Kalmakhanovich, it is noted that: “In the region (Turkestan region) there are
large-tonnage wastes of mining production - these are dumps, tailings dumps.
These wastes must be processed and the territory must be released from them.
Subsequently, the released land can be given to other needs. For example,
according to scientists’ estimates, there is a lot of zinc at the Bayaldir tailing
dump that can be processed. And for that, an investor is needed”.

Thus, the wastes of enrichment of ores of non-ferrous metals, stored at Bayaldyr
tailings dump, having a harmful anthropogenic impact on the environment
and human life safety, based on the content of various chemical elements and
compounds in their composition, it is possible to consider these wastes in the
context of secondary man-made raw materials for a number of industrial sectors
and industries. In particular, it can be the enterprises of metallurgical, binder, and
construction production facilities.

Conclusions. As a result of the physicochemical studies of enrichment wastes
deposited at the Bayaldyr tailings dump depository, the following conclusions
and conclusions can be made:

- the enrichment waste located at the Bayaldyr tailings dump by its chemical
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and mineralogical composition can have a negative impact on the environment
and life safety of people living in the immediate vicinity;

- the tailings contain non-ferrous metals in the form of lead and zinc, reaching
the following intervals of 1.01-2.1 and 2.32-2.6% respectively, which practically
corresponds to the currently extracted lead-zinc ores

- the stored wastes of the mining-metallurgical industry of the Bayaldyr
tailings dump, based on their chemical composition, can be considered secondary
technogenic raw materials for the chemical, metallurgical, and construction
industries.
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