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Bac pepaxrop:
KYPBIHOB Mypar ’KypbIHYJIbI, XUMHUS FBUIBIMIAPBIHBIH JOKTOPSL, podeccop, KP ¥FA akanemuri,
Kazakcran PecryOnmukachl ¥ ITTBIK FRUTBIM aKaieMusichiHbIH npe3ueHTi, AK «J1.B. CokobCkii aTbIHIaFbI
OTBIH, KaTaJIH3 )KOHE IEKTPOXUMUS HHCTUTYTHIHBIHY 0ac qupektopsl (Anmarsl, Kasakcran) H = 4

Penaxkmus ankachl:

OJJEKEHOB Cepra3bl MbiHxkacapyJibl (0ac peaakTOpIbIH OpbIHOACAPHI), XUMUS FHIIBIMAAPBIHBIH
JoKTOpBI, podeccop, KP ¥FA akagemuri, «Dutoxumusdy XaablKapaiblK FHUTBIMH-OHIIPICTIK XOIIUHTTHIH
mupexropsl (Kaparanner, Kazakcran) H =11

ATI'ABEKOB Buaagumup EnokoBuu (6ac penaxTopiblH OpBIHOAcapbl), XUMHS FBUIBIMAAPBIHBIH
nokTopsl, npodeccop, berapycs ¥YFA akanemuri, JKana marepuaniap XUMUsICbI HHCTUTYTBIHBIH KYPMETTI
nupekropsl (Munck, berapycs) H =13

CTPHAJ MupocaaB, npodeccop, Yexust FhUIBIM aKaJeMHUSICHIHBIH DKCHEPHIMEHTTIK OOTaHHKa
MHCTUTYTBIHBIH 3epTXaHa MeHrepyurici (Onomoy, Yexust) H = 66

BYPKITBAEB Myxam6eTKaJu, XUMUs FbUIBIMAAPBIHEIH JOKTOPEL, podeccop, KP ¥FA akanemuri,
on-Mapadu areiHgarsl Ka3¥Y Y-npiy Oipiamn npopexropsl (Anmarsl, Kazakceran) H =11

XOXMAHH J[Ixymut, Ceren ynuBepcuteriniy ®apmauesruxa daxysnpreTinin Papmakornosust
KadenpacsHBIH MeHrepymrici, JKapaTbuiblcTaHy FBUIBIMIAPBIHBIH TOHAPAIBIK OPTAJIBIFBIHBIH JAUPEKTOPEI
(Ceren, Bernrpus) H =38

POCC Camup, PhD noxropbl, Muccucunu yHUBEpCHTETIHIH OCIMIIK OHIMICPIH FBUIBIMU 3€PTTEY
YITTHIK opTansirel, @apmanust Mektebinin npodeccops! (Oxcdopa, AKII) H =35

XYTOPSIHCKUM Burannii, punocodus mokropst (PhD, (apmarerr), Pequnr yHuBepCHTETIHIH
npodeccopsr (Peaunr, Aurus) H = 40

TEJTAEB Barnat Bypxan6aiiyiabl, TeXHUKa FRUIBIMIAPBIHBIH JOKTOpEI, mpodeccop, KP ¥FA
KoppecnionaeHT-mymreci, Kazakcran PecnyOmukacer WHaycTpust koHe WH(PAKYpBUIBIMIABIK —JaMy
munucTpiiri (Anmarsl, Kasakcran) H = 13

DAPYK Acana Jlap, Xamnap ans-Mamxnaa IIsFpic MeunuHa KoJulepKiHIH Tpodeccopsl, Xamaaps
yauBepcuteTiHig LLsrpic Mmequimnaa akynsreti (Kapaun, [Tokicran) H =21

®DA3bIJIOB Cepik IpaxmeTy.ibl, XUMHs FBUIBIMIAPBIHBIH JOKTOPBL, ipodeccop, KP ¥FA akanemuri,
OpraHuKajiblK CHHTE3 XKOHE KOMIp XMUMUSICHl HHCTUTYTHI JUPEKTOPBIHBIH FBUIBIMH JKYMBICTAp >KOHIHIET
opsiabacaps! (Kaparausl, Kazakcran) H=6

KOPOBEKOBA Illapuna 7Kopo0eKKbI3bl, XHMHs FBUIBIMIAPBIHBIH JOKTOPBI, mpodeccop,
Kepreiscran ¥FA akagemuri, KP ¥FA Xumust skoHe XUMESUIBIK TexXHONOTHsS HMHCTHTYTHI (Bimkek,
Kpiprezcran) H = 4

XAJIMKOB [:xypadaii XaJuKkoBHY, XUMUsI FBUIBIMIAPBIHBIH JTOKTOPBI, podeccop, Taxikeran FA
axanemuri, B.M. Huxurun arernarsr Xumust nHCTUTYTHI ([ymante, Toxikeran) H =6

DAP3AJIUEB Barug Mekuaoribl, XuMys FBUTBIMAAPBIHBIH TOKTOPEL, Ipodeccop, ¥FA akanemuri
(baky, O3ipoaiixan) H =13

TFAPEJIMK Xempa, ¢unocodus nokropsr (PhD, xwmmus), Xanplkapalblk Taza jKOHE KOJIIaHOAIBI
XMW OJIaFBIHBIH XMMHUS KOHE KOpIIaraH opTa OemnimiHiH npe3uaeHTi (Jlornon, Aarmms) H = 15
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I'naBHbII perakTop:
KYPUHOB Mypar KypuHoBHY, JOKTOp XMMHUYECKHX HayK, npodeccop, axagemuk HAH PK,
npe3ueHT HaronansHol akagemun Hayk Pecry6mmku Kazaxcran, renepansusiii fupexrop AO «HcTHTYT
TOIUIMBA, KaTanu3a u anekrpoxumun uM. /1.B. Cokonbckoro» (Anmarsel, Kazaxcran) H =4

Penaxkuuonnas xosierus:

AJIEKEHOB Cepra3spl MbIH:kacapoBH4 (3aMECTHUTENb INIABHOTO PEJAKTOPA), JOKTOP XUMHUUECKUX
Hayk, podeccop, akagemuk HAH PK, nupekrop MexayHapoHOro Hay4HO-IIPONU3BOCTBEHHOTO XOJIANHT A
«Dutoxumust» (Kaparanna, Kazaxcran) H =11

AI'ABEKOB B aagumup EHokoBHMY (3aMeCTHTENb TJIABHOTO PENAKTOpa), JOKTOP XMMHUYECKHX
Hayk, npodeccop, akanemuk HAH Benapycu, noderHslii aupexrtop MHCTUTYTa XMMHUH HOBBIX MaTepHaoB
(Munck, benapycs) H =13

CTPHA/I Mupocias, npodeccop, 3aBemyromuii 1abopatopueli HHCTUTYyTa DKCIEPUMEHTAIBHON
6otanuku Yemickoii akagemun Hayk (Onomoyi, Yexust) H = 66

BYPKUTBAEB MyxameTKaan, JOKTOp XMMUYECKHX Hayk, mpodeccop, akagemuk HAH PK,
[epssrit mpopexrop KasHY umenn anp-dapadu (Anmarsl, Kazaxcran) H =11

XOXMAHH [IxynuTt, 3aBenyrommii kapenpoit ®apmaxornozun dapmareBTHiyeckoro (akyisrera
Vansepcurera Cerena, upekTop MexXIUCIUIUIMHAPHOTO IIEHTpa ecTecTBeHHBIX Hayk (Ceren, Benrpms)
H=38

POCC Cammup, noxrop PhD, mpodeccop HIkomsr dapmanuy HAIMOHAILHOTO IEHTPa HAYYHBIX
WCCIICJOBaHUH PACTUTEIBHBIX MPOAYKTOB YHUBepcuTeTra Muccucunu (Oxcdopa, CIIA) H = 35

XYTOPSIHCKUM Butammii, noxrop dunocodun (Ph.D, dapmanesr), mpodeccop Yuusepcutera
Penunra (Pepunr, Aurus) H = 40

TEJIBTAEB Baraat Bypxan6aiiyJibl, JOKTOp TEXHHYECKHUX HayK, Mpodeccop, WieH-KOPPECIIOHACHT
HAH PK, Munucrepcto Unnyctpun u nadpactpykrypHoro pa3sutus PecryOnuku Kazaxcran (Anmarsl,
Kazaxcran) H=13

DAPYK Acana [lap, mpodeccop kommiemka Bocrounodd memmmmubel Xampaapia ans-Mapkuzaa,
¢axynsreT BocTouHoit MenuuuHbl yHuBepeutera Xamaapaa (Kapaun, [Takucran) H =21

®DA3bIJIOB Cepuk /IpaxmeToBUY, JOKTOp XHMHUYECKHX Hayk, npodeccop, akagemuk HAH PK,
3aMeCTHTENb JUPEKTOpa 1o HaywIHOH paboTe MHcTHTYTA Opranmdeckoro cuHTe3a u yrexumun (Kaparanna,
Kazaxcran) H=06

7KOPOBEKOBA Illapumna KopodexoBHa, TOKTOp XMMHYECKUX HayK, podeccop, akanemuk HAH
Keipreserana, UactutyT Xumun u xumudeckoit texnonorud HAH KP (bumukek, Keipreseran) H = 4

XAJIMKOB J[Ixxypa6aii XaJaukoBU4Y, JOKTOp XHMHYECKHX HayK, mnpodeccop, axkazemuk AH
Tamxukucrana, Wuctutyt xumun nmenu B.W. Hukntuna AH PT (dyman6e, Tamxukucran) H = 6

DAP3AJIMEB Barug Memkua oribl, JOKTOp XHMHYECKUX Hayk, mpodeccop, akanemunk HAHA
(baky, Aszepo6aiimxan) H=13

T'APEJIMK Xempaa, noxrop ¢unocopun (Ph.D, xumus), npezunent Otnena XUMUHM M OKpY’Karomieit
cpensl MexIyHapogHOro cor03a YHCTO! 1 npukiiagHoi xumun (Jlonnon, Anrmst) H =15
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B.K. Kenzhalyiev!, A.K. Koizhanova', T. A. Chepushtanova’,
A.O. Mukangaliyeva'’, D.R. Magomedov', 2024.
'Satbayev University, the JSC “Institute of Metallurgy and Ore Beneficiation”,
Almaty, Kazakhstan;
2Satbayev University, Almaty, Kazakhstan.
“E-mail: 000316650668-D@stud.satbayev.university

INNOVATIVE METHODS FOR PROCESSING COPPER ORES IN
KAZAKHSTAN: A COMPREHENSIVE APPROACH TO ENHANCING THE
EFFICIENCY OF VALUABLE COMPONENT EXTRACTION

B. K. Kenzhaliyev — doctor of technical sciences, professor, General Director in the “Institute of
Metallurgy and Ore Beneficiation”, Kazakhstan, Almaty, Shevchenko srt., 29/133, E-mail: bagdaulet k@
satbayev.university, https://orcid.org/0000-0003-1474-8354;

A.K. Koizhanova — candidate of technical sciences, head of the laboratory of special methods of
hydrometallurgy. Satbayev University, the JSC “Institute of Metallurgy and Ore Beneficiation”,
Kazakhstan, Almaty, Shevchenko str., 29/133, E-mail: a.koizhanova@satbayev.university, https://orcid.
org/ 0000-0001-9358-3193;

T. A. Chepushtanova —Ph.D., candidate of Technical Sciences, Associate Professor. Satbayev University,
Head of the Department of Metallurgical Processes, Heat Engineering and Technology of Special
Materials, Kazakhstan, Almaty, Satpayev str., 22a, Email: t.chepushtanova@satbayev.university, https://
orcid.org/0000-0002-6526-0044;

A.O. Mukangaliyeva — engineer, master of sciences, Satbayev University, the JSC “Institute

of Metallurgy and Ore Beneficiation”, Kazakhstan, Almaty, Shevchenko srt., 29/133, E-mail:
000316650668-D@stud.satbayev.university, https://orcid.org/0000-0001-7032-1764;
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university, https://orcid.org/0000-0001-7216-2349.

Abstract. This article presents an innovative approach to processing copper ore from
one of the deposits in Kazakhstan, aimed at enhancing the efficiency of copper extraction
from materials with a complex mineral composition. The described methodology
includes several key stages: comprehensive analysis of the ore’s material composition,
gravity and flotation beneficiation, as well as hydrometallurgical processes. During the
study, the ores underwent preliminary preparation, including crushing and grinding to
the required fineness. Experiments on gravity and flotation beneficiation demonstrated
that optimizing the parameters of these processes significantly increases the yield
of copper concentrate. Additionally, sulfuric acid leaching conducted showed high
efficiency in extracting copper from the ground ore. The research results confirm that a
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comprehensive approach to copper ore processing ensures high efficiency in extracting
valuable components and opens up prospects for the sustainable and economically
viable utilization of complex copper ores.

Keywords: copper-containing raw materials, ore-beneficiation; gravity; flotation;
leaching.
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Annoranus. byn makanana KasakcraHHbIH 0ip KeH OpHBIHAH aJIbIHFaH MBIC pyaa-
CBIH OHJCY/IIH WHHOBALMSUIIBIK TACIII YCHIHBIIFAH, OJ1 KypAeIi MHHEPaJIbl KYpaMIarsl
MarepuangapAaH MbIC ally THIMJIUTITIH apTTeIpyFa OarbITTanFad. CunartanraH oficTemMe
OipHemIe Herisri Ke3eHAepAi KaMTUABL: PYJaHbIH MaTepUaNIIbIK KYPaMbIH KaH-KaKThl
Tajay, (paBUTALMSIIBIK XKoHE (IOTAMSITBIK Ol bITY, COHIA-aK THAPOMETaILTY PTUSUIBIK
npornectep. 3eprrey OapbIChIHAAa pydajiap KaXeTTi YCaKTBIKKa ACWiH ycakTay >KoHe
Maiiianay CHUSKTBI aJlJIbIH aja JaHbIHABIKTaH OTTi. [ paBUTALMSUIIBIK )KoHE (DIIOTALMSITBIK
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OaiipITy OOMBIHILA KYPTi3UIreH SKCHEPUMEHTTEp Oy MpOLEeCTepIiH MmapameTplepin
OHTAMIaH]IBIPY MBIC KOHIIEHTPATHIH IIBIFBIMBIH aUTapIIBIKTal apTThIPATHIHBIH KOPCETTI.
CoHbIMEH Karap, KYKIPT KBIIIKBUIBIMEH IIaiiManay ycaKTalFaH pyaajap/iaH MbIC
AJTYIBIH KOFapbl THIMITITIH KOPCETTi. 3epTTey HOTIKEIIEPl MBIC pyaadapbliH KeIIeH T
OHJIEYTe JKYHemni Ke3Kapac KYHIbI KOMIIOHEHTTEPJi aNy[IblH >XOFaphl THIMIUIITIH
KaMTaMachl3 €TETIHIH KOHE KYPAET MBIC pyAalapblH TYPaKThl KOHE SKOHOMHKAIIBIK,
THIMJII TaliAaanyablH KeJICUICT1H allaTbIHBIH PaCTaiIbl.

Tyiiin ce3aep: MbIc KypaMbIHAAFbI IIUKi3aT, pyaa OailbITy, rpaBUTaNus, (IOTAINS;
manmanay.
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AHHoTaumMs. B [aHHOW cTaThe TMpEACTaBIEH WHHOBAallMOHHBIA TOAXOA K
nepepaboTke MEIHOU pyabl OJHOTO M3 MecTopoxacHui KazaxcTana, HampaBICHHBIN
Ha TOBbIIICHHE 3(P(OEKTUBHOCTH W3BJICUCHHUS MEIU U3 MaTCPUATIOB C CIIOXKHBIM
MUHEpaJIbHBIM cOCTaBoM. OMUCaHHAsS METOMOJIOTHS BKIIOYACT HECKOJIBKO KITFOUEBBIX
JTANOB: BCECTOPOHHUN aHAJIU3 BELIECTBEHHOI'O COCTaBa Py/bl, TPAaBUTAIMOHHOE U
(uioTanoHHOE oOOTAaIllCHWEe, a TaKXKe THUAPOMETaUTyprUuecKHue Impouecchl. B xoze
HCCIIC/IOBAHUSI PY/bI MPOILUIA TPEABAPUTEIILHYIO TOJITOTOBKY, BKIIIOUasi APOOJICHUE
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U U3MENBICHUE A0 HEOOXOAMMOW TOHKOCTH. DKCIEPHUMEHTHI MO T'PaBUTALIMOHHOMY
u QIoTauMOHHOMY OOOTALICHUIO TOKa3aJld, YTO ONTHMH3ALUS MapaMeTpoB 3TUX
MIPOLIECCOB 3HAYUTENBHO YBEIMUUBAET BBIXO/ MEIHOTO KOHIEHTpaTa. JlonoIHUTENbHO,
CEpHOKHCIIOTHOE BBIIIEIaYMBAaHHUE TTOKA3aJI0 BBICOKYIO 3((QEKTUBHOCTh B M3BICUCHUN
MEeAM W3 U3MeNbueHHOW pyapl. Pe3ynbraTel HccieoBaHUS IMOATBEPXKAAIOT, YTO
KOMIUIEKCHBIM TOAXOX K THepepaboTke MeTHOH pyasl 00ecleunBaeT BBICOKYIO
3G PEKTUBHOCTh M3BJICUCHUS IICHHBIX KOMIIOHEHTOB M OTKPBIBAIOT MEPCHEKTUBBI IS
YCTOMYMBOTO U 3KOHOMUYECKH BBITOJTHOTO UCTIONB30BAHUS CIIOKHBIX MEHBIX PYI.

KiroueBble cioBa: Meabcoiepikaliee ChIpbE, oOoraiieHue pyn, IpaBUTaLus,
¢roranuys, BeIIETaYNBaHIE

Introduction

The use of copper, the red metal with remarkable properties, is of paramount
importance in the field of clean energy and renewable technologies (2023: 54268).
The unique characteristics of copper, such as high electrical conductivity, ductility,
efficiency, and recyclability, make it indispensable for various applications in renewable
energy systems, including solar and wind technologies (2023: 07.01.04). The significant
role of copper in energy storage devices, such as flow batteries, lithium-ion batteries,
and sodium batteries, underscores its crucial importance in the production of electric
vehicles.

Copper’s electrical conductivity is among the highest of all metals, making it an ideal
material for the efficient transmission of electricity from renewable sources. Copper’s
ductility allows for the production of thin wires necessary for complex electrical
components in solar panels and wind turbines. Copper’s efficiency in energy conversion
and its ability to be recycled without losing its properties enhance its environmental
sustainability.

The energy storage sector, which ensures balance amidst interruptions in renewable
energy sources, also heavily relies on copper. Lithium-ion batteries, widely used in
electric vehicles and grid storage, require approximately 44 pounds of copper per
megawatt of energy storage (Silpa et al., 2022: 12050545).

Technologies for using renewable energy sources, particularly solar and wind
systems, require significantly more copper than traditional fossil fuel-based power
generation. For instance, solar systems need approximately 5.5 tons of copper per
megawatt of electricity, while 3 MW wind turbines require around 4.7 tons. This is due
to the extensive wiring, power transformers, and inverters critical to the functioning of
renewable energy systems (Keming and Druffel, 2021: 9519105).

The International Copper Association (ICA) emphasizes that no other metal
can match copper’s versatility and efficiency in these areas. Copper’s exceptional
properties make it a cornerstone in the development of clean energy and technologies
based on renewable sources. Its indispensable role in solar and wind energy systems,
energy storage solutions, and electric vehicle production highlights its significance for
transitioning to a sustainable and low-carbon future.

The complete dematerialization of high-grade copper ore and the continuously
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growing demand necessitate the processing of low-grade resources to sustain industrial
growth and development (Zhumashev et al., 2021). Copper deposits worldwide are
predominantly of the porphyry type, comprising 50-60% of global copper production.
They consist of copper sulfide minerals such as chalcopyrite (CuFeS.), chalcocite
(Cuz2S), and bornite (CusFeS4). About 90% of copper is extracted from sulfide deposits,
with chalcopyrite accounting for roughly half of the copper production. Besides
sulfide minerals, copper also occurs in oxide forms such as cuprite (Cu20), malachite
(CuCOs-Cu(OH)2), azurite (2CuCOs-Cu(OH)z), chrysocolla (CuSiOs-2H20), and mixed
ores containing both oxidized and sulfide minerals.

Copper, a major non-ferrous metal, is present in the Earth’s crust at a concentration
of 50 parts per million (ppm). In mining operations, the copper content in open-pit
mines is around 0.4%, while in underground mines it ranges from 1% to 2%, along
with other valuable minerals and gangue materials. The geological distribution and
chemical properties of copper require advanced extraction and processing technologies
to maximize yield and efficiency (Gerardo et al., 2020: 04255-9).

Kazakhstan produces about 4% of the world’s copper volume and 50% of the CIS
production (Zhang et al., 2019: 5137852). The country’s copper consumption is 8%
of total production, with 22% exported to neighboring countries and 70% to distant
markets. Kazakhstan ranks high in the global non-ferrous metals market in terms of
reserves, mining, and refined copper production: 7th in refined copper production,
9th in copper reserves, and 11th in mining. Copper from Zhezkazgan and Balkhash is
registered as a benchmark on the London Metal Exchange (LME). The observed rise in
copper prices on the LME underscores the viability and potential for further investment
in the copper industry in the Republic of Kazakhstan (Figure 1). The current price on
the London Metal Exchange is $9,489.50 per ton (https://www.lme.com/Metals/Non-
ferrous/LME-Copper/Summary).
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Figure 1 - Dynamics of Copper Prices in US Dollars (USD) per Ton for 2024

In Kazakhstan, the main copper deposits are copper sandstones, copper porphyry, and
pyrite-polymetallic types. In 2017, copper ore extraction amounted to nearly 78.5 million
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tons, of which 26 million tons were mined in the Karaganda region, 28.5 million tons in
the Pavlodar region, and 18.3 million tons in the East Kazakhstan region. A total of 10.5
million tons of copper concentrate and 408,435 tons of refined copper were produced.
According to UBS Global Research, global demand for refined copper is increasing,
reaching 24.4 million tons in 2017. The global population growth and urbanization
demand significant investments in infrastructure, for which copper remains a primary
raw material. The rising copper prices on the London Metal Exchange highlight the
viability of investments in the development of the copper industry in Kazakhstan.

Copper Production by Country in 2023
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DR Congo
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Australia
Russia
Zambia
Mexico
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0 1 2 3 4 5
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Figure 2 — Copper Production by Country in 2023

The main balance reserves of copper are concentrated in Eastern and Central
Kazakhstan, predominantly in low-grade copper porphyry deposits (Chepushtanova et
al.,2023: 11-19). Additional reserves include pyrite-polymetallic deposits in the eastern
part of the republic (Artemyevskoye, Kosmurun, Akbastau, etc.). In the Karaganda
region, the Kenshocky deposit in the Shetsky district and the Nurkazgan copper porphyry
deposit with high-grade ores in Central Kazakhstan have been prepared for exploitation.
In Southern Kazakhstan, the Shatyrkol copper deposit, and in the Zhezkazgan mining
region, one of the largest deposits, Zhaman-Aibat, are notable. Copper porphyry deposits
such as Aktogay, Aidarli, Koksay, and Bozshakol also possess significant potential
(Koizhanova et al., 2023: 54; Nyamdelger et al., 2023: 26).

The modern copper mining sector faces several fundamental challenges. The
depletion of high-grade deposits forces the transition to the development of ores with
lower copper content, increasing processing volumes and, consequently, the costs of
mining and beneficiation. Additionally, the need to develop deep-seated mines further
escalates expenses. The technical complexities of processing such ores require the
use of more advanced and costly technologies, leading to higher production costs for
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copper. This process is also associated with the necessity of impurity removal, requiring
additional processing stages.

The primary objective of this research is to analyze the technological parameters and
patterns that determine the efficient processing of copper ore from one of the deposits
in Kazakhstan. Particular attention is given to studying the material composition of the
ore, conducting comprehensive mineralogical and chemical analyses, and developing
and optimizing beneficiation methods such as gravity and flotation. The research aims
to obtain new data on the structural changes in copper ores during processing and to
develop effective technological solutions for extracting valuable components, thereby
enhancing the profitability and environmental sustainability of the copper ore processing
process.

Object of study

The research object is copper ore from one of the deposits in Kazakhstan, located
in the Karaganda region. The aim of this study is to develop an efficient technology
for processing copper ore that contains both oxidized and sulfide copper minerals, as
well as other associated components. The primary focus is on studying the material
composition of the ore, conducting mineralogical and chemical analyses, and optimizing
beneficiation and leaching methods to enhance the copper extraction rate.

The experimental part includes comprehensive laboratory studies such as X-ray
fluorescence and X-ray phase analyses, gravity and flotation beneficiation, as well as
sulfuric acid leaching. Various technological samples representing different parts of the
deposit were selected for analysis: rocks with high malachite content, quartz-sulfide
ores, and skarn types.

Experimental Section

Before initiating the research on processing copper ore from one of the deposits
in Kazakhstan, the main parameters for gravity and flotation beneficiation, as well as
sulfuric acid leaching, were established. A three-inch Knelson KC-MD 3 centrifugal
concentrator with continuous discharge was used for gravity beneficiation, under
conditions including a cone diameter of 7.5 cm, a water flow rate of 3.5 I/min, a pressure
of 25 kPa, and a gravitational acceleration of 60 G.

Sample preparation involved grinding the ores to a fineness of 98% passing -0.071
mm. The samples prepared for the studies were subjected to X-ray fluorescence and
X-ray phase analysis to determine their material composition. The loading of ore
material samples into the concentrator was performed in averaged mass ratios.

For flotation beneficiation, a laboratory flotation machine of the “Mekhanobr” type
with a chamber volume of 3.0 liters was used. Flotation was carried out at a pulp solid
particles ratio of 33% in two stages, yielding primary and control concentrates, as well
as final tailings. The reagent regime included butyl xanthate and frother C7 at pH 9.0

For sulfuric acid leaching, a sample ground to 80% passing -0.071 mm was used.
Leaching was carried out with a 2.5% sulfuric acid solution at a solid-to-liquid ratio of
1:4 for 8 hours. The elemental composition of the initial ore from one of the deposits in
Kazakhstan, presented in Table 1, was determined using fluorescence analysis, which
allows for the detection of element spectra from oxygen to uranium.
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Table 1 — Results of X-ray Fluorescence Analysis of Ore Samples from One of the Deposits in
Kazakhstan

Element Content, % Element = Content, % Element | Content, % @ Element = Content, %

O 45.782 P 0.412 Mn 0.157 Mo 0.008
F 0.261 S 0.269 Fe 3.417 Ag 0.034
Mg 0.807 Cl 0.125 Cu 5.626 Ba 0.082
Al 3.113 K 0.722 Zn 0.541 Pb 8.557
Si 21.491 Ca 0.726 As 0.033

Ti 0.116 Cr 0.025 Sr 0.012

X-ray phase analysis determined the primary composition of the rock-forming
components. The measurements were conducted using a D8 Advance (Bruker)
apparatus, o-Cu, with a tube voltage of 40 kV and a current of 40 mA. The processing of
the obtained diffractogram data and calculation of interplanar distances were performed
using EVA software. Sample interpretation and phase identification were conducted
using the Search/match program with the PDF-2 powder diffraction database. The
results of the X-ray phase analysis are presented in Figure 3 and Table 2.

Intensity,(a.u.)
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Figure 3 — Diffractogram of the Sample from One of the Deposits in Kazakhstan

Table 2 — Results of X-ray Phase Analysis of the Initial Sample from One of the Deposits in Kazakhstan

No Compound Name Formula Content. rel. %
1 Quartz SiO, 63.3%

2 Cerussite PbCO 19.3%

3 Malachite CH2Cu,0, 6.2%

4 Orthoclase KSi,AlIO 4.9%

5 Lead Phosphate Pb.(PO,), 4.8%

6 Clinochlore Al-Fe-SiO -OH 1.5%
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A sample of ore from one of the deposits in Kazakhstan was studied using
mineralogical analysis in reflected light with an OLIMPUS-BX 51 microscope. The
main mass of the briquettes consists of non-metallic minerals, predominantly quartz.
Among the rock-forming minerals, malachite was identified (Figure 4a). Cerussite
appears gray in reflected light with low reflectivity, exhibiting strong bireflection and
anisotropy. The internal reflections are bright and colorless. Cerussite is observed as
irregular segregations with intricate contours, composed of anhedral grains ranging from
a few hundredths to 0.05 mm in size (Figure 4b). Iron hydroxides and carbonaceous
material are also present.

100 um

a b
Malachite in Association with Iron Hydroxides Cerussite (1), Quartz (2), Carbonaceous
Material (3) in Gangue Mass (4)

Figure 4 — Mineralogical Analysis of the Sample at 400x Magnification

Phase analysis of the initial sample revealed the content of various forms of copper,
lead, and other elements. The copper content in free oxidized minerals was 4.394%,
in bound oxidized minerals—0.07%, in secondary sulfides—0.32%, and in primary
sulfides—0.0095%, resulting in a total of 4.79%. The main copper minerals include
malachite, azurite, tenorite, and cuprite, as well as bornite, chalcopyrite, and chalcocite
(Table 3).

Table 3 — Phase Analysis of the Initial Sample from One of the Deposits in Kazakhstan

Mass fraction of determined elements, %
Cu free oxidized Cu bound oxidized Cu secondary Cu primary 2Cu | Cu,,
mineral mineral sulfides sulfides
4.394 0.07 0.32 0.0095 4.79 4.79
malachite, azurite, malachite, azurite, |bornite, chalcopyrite, | chalcopyrite,
tenorite, cuprite tenorite, cuprite chalcocite cubanit

The sample from one of the deposits in Kazakhstan primarily consists of camallite,
halite, and sylvite, which together constitute more than 86% of the total composition.
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The presence of magnesium oxide, magnesium peroxide, and chlorargyrite is also
significant, although their combined content is less than 13% of the total composition.
These components indicate a high content of chlorides and magnesium compounds in
the sample, which may be important for the further processing and utilization of the
mineral raw material.

Discussion of Results

Gravity beneficiation was conducted using ground ore with a fineness of 98% passing
-0.071 mm and was performed in a single stage, resulting in two main products — gravity
concentrate and tailings. The obtained concentrates and tailings were analyzed for
valuable component content after drying, with the concentrate sample also being used
in further leaching experiments. The results of the gravity beneficiation are presented
in Table 4.

Table 4 — Results of Gravity Beneficiation

Product Weight, g Mass yield, % Cu, % E Cu, %
Concentrate 773 7.7 10.388 13.35
Tails 922.7 92.3 5.65 86.65
Total 1000 100.00 6.02 100.00

The processing resulted in the separation of the initial sample into concentrate and
tailings. The concentrate contains a high copper content (10.388%), but its yield is only
7.7% of the total mass. The tailings have a lower copper content (5.65%), but their mass
yield is 92.3%, which explains the high proportion of recovered copper (86.65%) in the
tailings. The overall processing is effective in extracting copper, although a significant
portion of copper remains in the tailings, which may require further processing or
optimization to increase copper recovery in the concentrate.

For flotation beneficiation experiments, samples from one of the deposits in
Kazakhstan were ground in a ball mill to a fineness of 0.071 mm (90%). The following
reagent regimes were used during flotation studies: for primary flotation — pH 9.0, butyl
xanthate — 120 g/t, frother C7 — 60 g/t, duration — 10 minutes; for control flotation —
pH 9.0, butyl xanthate — 60 g/t, frother C7 — 30 g/t, duration — 5 minutes. All obtained
flotation concentrates and tailings were dried for further analysis.

The experimental scheme for determining the optimal grinding fineness of the
flotation material is shown in Figure 5. The results of the flotation beneficiation
experiments are presented in Table 5.
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Figure 5 - Flotation scheme

Table 5 — Results of flotation enrichment

Product Weight, g Mass yield, % Cu, % E Cu, %
Basic concentrate 76.3 7.6 6.034 7.84
Control concentrate 93.5 9.4 6.429 10.24
Tails 830.2 83.0 5.793 81.92

Total 1000 100.00 5.87 100.00

The primary and control concentrates together constitute 17% of the total sample mass
but contain relatively high copper concentrations (6.034% and 6.429%, respectively).
The tailings, despite their large volume (83% of the total mass), contain less copper
(5.793%) but account for the majority of the recovered copper (81.92%).

The overall processing is effective, but a significant portion of copper remains in
the tailings, indicating a need for further optimization of the process to increase copper
recovery in the concentrate.

For sulfuric acid leaching, an initial sample from one of the deposits in Kazakhstan,
containing significant copper concentrations, was used. The filtrate of the productive
solution was collected for copper content analysis, which was performed using the
atomic absorption method on an AA-7000 instrument (Shimadzu, Tokyo, Japan).
The results of the leaching of the sample from one of the deposits in Kazakhstan are
presented in Table 6.

Table 6 - Results of sulfuric acid leaching of copper
primary Cu. % Weight, g V,L Cu, g/l E Cu, %
4.79 100 0.3 12.13 75.8

As seen in Table 6, the copper extraction process from the ore demonstrated high
efficiency, achieving 75.8% copper recovery, with a copper concentration in the solution
of 12.13 g/L.
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Conclusion

Thus, a study of the material composition of copper ore from one of the deposits
in Kazakhstan was conducted, and samples were collected. The main mass of the ore
rock is represented by quartz, albite, and muscovite, while among the copper minerals,
malachite, azurite, tenorite, and cuprite dominate. The copper content in the samples
ranges from 4.394% in free oxidized minerals to 0.0095% in primary sulfides, totaling
4.79% copper.

The experiments on gravity and flotation beneficiation showed that optimizing the
parameters of these processes significantly increases the yield of copper concentrate.
Gravity beneficiation was conducted using ground ore with a fineness of 98% passing
-0.071 mm on a 3-inch Knelson KC-MD 3 centrifugal concentrator, resulting in two
main products — gravity concentrate and tailings. The results of the gravity beneficiation
confirm the high efficiency of this method.

Flotation beneficiation experiments were conducted using laboratory flotation
machines of the “Mekhanobr” type with butyl xanthate and frother C7 at pH 9.0. The
obtained flotation concentrates and tailings were dried and further analyzed, which
allowed for the determination of optimal conditions for the flotation beneficiation of
copper ore. Sulfuric acid leaching showed high copper extraction efficiency—75.8%,
with a copper concentration in the solution of 12.13 g/L.

The study confirmed the feasibility of using a comprehensive approach to processing
copper-containing ores from one of the deposits in Kazakhstan. Optimization of
beneficiation and leaching parameters ensures high copper extraction efficiency,
opening prospects for the sustainable and economically viable utilization of complex
copper ores.
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