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ABSTRACT

The extraction of zinc from concentrates is carried out in pyrometallurgical and hydrometallurgical
ways. Obtaining pure zinc of the highest grades is possible using the hydrometallurgical method,
in which the calcined sulfide concentrate is subjected to sulfuric acid leaching, a solution of zinc
sulfate and a recycled product is formed - a solid residue of the cake leaching process. After
purification, the zinc sulfate solution is subjected to electrolytic refining, and the cake is processed
pyroly or hydrometallurgically. At JSC "Almalyk MMC" in the process of hydrometallurgical
processing of zinc concentrates, the resulting zinc cake is processed by the pyrometallurgical
method - rolling. The rolling process takes place in two tubular furnaces (rolling furnaces) 50
meters long and 3.5 meters in diameter at a temperature of 1100-1200°C, in the presence of a
reducing agent, coke breeze and petroleum coke. As a result of the rolling process of zinc cakes,
sublimates and a solid technogenic residue, clinker, containing copper, gold, and silver are formed.
Clinker is processed at the plant in smelting furnaces to extract precious metals, but it is
accumulating more than 450 thousand tons. In connection with this, scientific research is currently
underway on the processing of zinc cakes using a hydrometallurgical method to eliminate the
expensive rolling process of processing zinc cakes; high-temperature (90° C) sulfuric acid leaching
of cakes with a size of 0.074 mm has been developed during leaching for 4-4.5 hours, the extraction
of zinc into the solution is 98.5%; copper 92.8%; iron 75.2; cadmium 79.2.
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Introduction

Zinc can be extracted from concentrates in two
ways: pyrometallurgical (distillation) and
hydrometallurgical (electrolytic). Historically, the
first method was pyrometallurgical; two thousand
years BC in India they knew a method for obtaining
zinc from ore; in Europe only at the end of the 18th
century.

Zinc sulfide raw materials can be directly
reduced to produce zinc metal:

/nS+H;,=7Zn+H,S

The equilibrium constant of the given reaction at
a temperature of 1000 ° C is insignificant; even at a

the high value of P ny, the yield of reduction products
is low [1].

In this connection, it is more rational to carry out
separately the oxidation of Zn S (roasting) and the
reduction of oxidized zinc to metal. The technology
of the method and the hardware design of the
process are associated with the peculiarities of the
reduction of zinc from oxide, to the metal with
carbon and CO occurs at a temperature of 1,000—
1,100 ° C, and the boiling point of the resulting zinc
is 907 ° C. Advantages The pyrometallurgical scheme
is its few stages, high direct extraction of zinc into
metal, high productivity of continuous equipment
and the ability to process low-quality raw materials.
Flaws This scheme means a high consumption of
coke, a low complexity of the use of raw materials
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and the production of zinc of lower grades, and
currently in world practice no more than 15% of zinc
is obtained using the pyrometallurgical method. This
technology is usually used to process poor zinc
concentrates with high impurity content [[1], [2]].

Much attention is paid to more complete
extraction of the components of zinc-containing raw
materials, obtaining pure zinc of the highest grade,
and therefore in the production of zinc, the
hydrometallurgical method of processing zinc
concentrates is currently used, it is also used at
Almalyk MMC JSC. In this method (zinc cinder
leaching process), maximum extraction of zinc into
the zinc sulfate solution occurs and the solid tail of
the leaching process is the recycled product zinc
cake. The solution after cleaning is transferred to
Electra of zinc precipitation, and zinc cake containing
20-23% Zinc is processed using the pyrometallurgical
method - the Waelz process.

The Waelz process gives high zinc yields of more
than 90-93%, but it is quite expensive due to the high
consumption of coke, about 50% of the weight of the
zinc cake. As a result of the Waelz process, zinc
sublimations are obtained, as well as man-made
waste from zinc production, difficult to recycle
clinker with a high content of non-ferrous and
precious metals, carbon and iron [2].

Clinker from zinc production is mainly processed
by smelting in shaft furnaces, the negative side of
smelting is the expense of an expensive reducing
agent - coke, as well as briquetting or pelletizing of
clinker for processing in shaft furnaces [[3], [4], [5],
(6]].

Clinker is also processed in a reverberatory
furnace, mixing it with concentrate and fluxes, it is
loaded into the furnace to extract only noble (gold,
silver) metals, and during the smelting process, the
elements contained in the clinker carbon are burned
aimlessly, and the iron goes into waste slag [[7], [8],
El]

Scientific research is being conducted around
the world on the processing of zinc cakes using the
hydrometallurgical method, in order to eliminate the
use of expensive coke in the Waelz process. The
hydrometallurgical method mainly uses technology
that includes: two-stage leaching, the first stage is
neutral leaching of Waelz oxides, and the second is
acid leaching of the solid residue after neutral
leaching [[10], [11], [12], [13], [14], [15], [16]].

The authors of used a promising method - cation
exchange leaching of metals from zinc cinder and
zinc cake (obtained at the stage of acid leaching), in
which the KU-2-8 ion exchanger in the H-form can

be used as a reagent, allowing the extraction of 98%
of zinc of the total [17].

The authors of developed a technology for
processing clinker, waste from zinc production, to
produce ferroalloy and sublimates of non-ferrous
metals [18]. Clinker from zinc production was used
as a raw material to obtain commercial products in
the form of ferrosilicon and collective sublimates of
non-ferrous metals. The degree of extraction of
silicon into the ferroalloy was up to 96%, Fe up to
97%, and in sublimation Zn 99.6%, Pb — 99%.

In work, the Institute of JSC "Uralmekhanobr"
developed a technology for enriching clinker of JSC
"Electrozinc" by gravity-magnetic-flotation
processing to produce carbon-containing
concentrate, iron concentrate with a high copper
content [19].

The work presents the results of studies on the
use of flotation for the enrichment of zinc cakes [20].
The concentrate of the second cleaning contained,
%: 44 Zn; 9.3 Fe; 1.5 Cu; 1.1 Pb; 0.88 Ag; 0.009 Au;
2.1Si0and 27.3 S.

The authors of claim that sodium sulfide used in
flotation does not always ensure complete
sulfidization of the surface of minerals [21]. Studies
of the flotation process on the original product and
after preliminary sulfidization by a pyrometallurgical
method have found that in the preliminary
sulfidation of the product, the extraction of zinc will
increase by 17.23%, and lead by 10.07%, compared
to the original product without pretreatment.

Authors a method has been developed for
processing technogenic waste, which reduces
specific fuel consumption by 1.5-1.7 times and
increases specific productivity by 1.4-1.5 times. The
industrial implementation of the “phase inversion
reactor-tubular furnace” unit would make it possible
to cost-effectively process slag dumps from the
Shymkent lead plant, Waelz clinker, “poor” zinc ores
from the Achpolimetal plant, tailings from the Tekeli
Mining and Metallurgical Plant and other non-
ferrous metallurgical facilities [[22], [23], [24], [25],
[26]].

The results of a study of the process of sulfatizing
roasting of zinc cakes of PJSC Chelyabinsk Zinc Plant
using iron sulfates FeSO, and Fe; (SQ4); are
presented. In laboratory experiments, it was found
that from fired samples, no less than 98% of zinc and
no less than 88% of copper goes into solution during
water washing, while the degree of iron transfer into
solution does not exceed 3% [[27], [28], [29]].

An analysis of the processing of zinc production
cakes showed that the technological schemes are
quite complex, expensive and complete extraction of
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Table 1 - Mineralogical composition of zinc cake, %

Connections, %
Product name
Zntot ZnSO4 Zn0O Zn0 SiO2 ZnS ZnFe04
21.42 7.97 3.05 3.44 1.07 6.11
. CuFe204 CuSO 4-5H .0 CuzS CuO Cdo CaS04-2H >0
Zinc cake
5.25 1.45 0.16 0.03 0.02 7.16
PbSO4 FeS Fe203 CaCOs MnS MgO
6.05 1.27 0.56 1.45 1.28 0.45
Table 2 - Chemical composition of zinc cake by fractions
Content, %
Class, mm Class yield, %
Zn Cu Pb Cd Fe Al,03 SiO2 S
+40 1.925 21.89 3.27 6.48 0.22 17.23 411 9.23 7.77
-40+20 11.35 21.60 3.38 6.57 0.22 17.34 4.13 9.18 7.75
-20+10 30.35 21.08 2.35 6.52 0.20 16.48 4.08 9.14 7.66
-10+45 32.25 21.62 2.34 6.49 0.21 16.50 4.15 9.36 7.69
-5+2 20.8 21.66 2.23 6.37 0.20 16.66 4.12 9.29 7.71
-2+1 0.7 21.63 3.33 6.25 0.29 14.60 4.07 9.17 7.74
-1+0.315 0.75 21.95 3.37 6.32 0.29 13.75 4.08 9.19 7.65
-0.315+0.140 0.5 22.45 2.29 6.32 0.28 12.09 4.17 9.14 7.68
-0.140 1.375 21.66 2.08 6.39 0.28 12.07 4.18 9.16 7.73

metals is not achieved. In this connection, there is a
need to develop a more efficient technology for
processing zinc production cakes, one of which is
high-temperature leaching.

Objects and methods of research

Cake was taken from the Zinc Plant of Almalyk
MMC JSC, %: Zn tota1 -21.42, Zn 44-5.59, ZN 4ciq-13.26,
C-0.14, S voi-7, 69, S s04-6.86, Pb-6.48, Fe-15.21, SiO
2-9.39, Al ; O 3-1.42, Cu-2.32, Cd-0.21, Ca0-2.67,
Mn0-0.85, As-0.35. The main chemical compounds
of zinc cake are sphalerite, zinc ferrite, copper
ferrite, metal silicates, copper sulfate, zinc sulfate,
gypsum and sphalerite, and lead sulfate. The
mineralogical and fractional composition of zinc cake
using spectral, chemical and mineralogical methods
of analysis are given in Table. 1-2.

Methodology for high-temperature
leaching of zinc cake

To study the process of agitated high-
temperature leaching of both preparative reagents
and bulk products, a special LR 1000 basic unit was
used.

The experiments were carried out as follows: the
zinc product was crushed to a fraction of <0.1 mm. A
crushed sample of zinc cake was placed in a leaching
unit, and a solution of sulfuric acid was added,
heated and held for a certain time. The temperature
was regulated through a microprocessor automatic
controller. Pulp samples for analysis were filtered
through a paper filter with a blue ribbon, and the
filtrate was analyzed for iron, zinc, copper and other
components. After completion of the experiment,
the phases were separated by filtration, the cake was
washed three times by decantation with hot water
(50°C), dried to constant mass and subjected to
atomic absorption and X-ray analysis for the content
and form of metals.

LR 1000 basic laboratory reactor designed to
optimize the reproduction and optimization of
chemical reaction processes, as well as for mixing at
different temperatures, dispersion, homogenization
on a laboratory scale. The temperature of the
processed material can reach 120°C. The
temperature of the heating source located under the
vessel is adjusted by the set temperature inside the
medium. Digital display allows you to clearly monitor
speed and temperature.
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Discussion of the research results beginning of the process 1 - 1.5 hours, zinc extraction

in the solution flows efficiently, and after 4-5 hours

A study of the influence of the dependence of the equilibrium of the leaching process is established
zinc extraction into solution on temperature at (Fig. 1-2).

various concentrations of sulfuric acid, the duration An increase in the duration of the process leads

of the process on the leaching of zinc from cake with ~ to a decrease in the concentration of sulfuric acid,

a sulfuric acid solution with a concentration of 120-  while the iron content in the solution increases (Fig.

210 g/l, at various temperatures shows that at the  3).
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Fig.1 - Extraction of zinc from cake during zinc cake leaching process which depends on temperature.
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Fig. 2 - The degree of zinc and copper’s dissolution during the process of zinc cake's leaching at 90 °C
depending on the concentration of sulfuric acid
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the duration of the process
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Fig. 4 - Improved technological scheme for processing zinc concentrates by hydrometallurgical method.

To clean the high-temperature sulfuric acid
leaching solution from copper, cadmium, cobalt,
antimony, nickel and other impurities, three-stage
neutral leaching with zinc dust is carried out in
mixers with mechanical stirring. The resulting

sediment (copper cake) is transferred to cadmium
production.

In the improved technological scheme for
processing  zinc concentrates using  the
hydrometallurgical method, Figure 4 shows a section




Complex Use of Mineral Resources. 2025; 333(2):89-96

ISSN-L 2616-6445, ISSN 2224-5243

in the scheme of processing zinc cakes using a high-
temperature sulfuric acid leaching process.

In Figure 4 shows a scheme for processing zinc
cakes using a high-temperature sulfuric acid
leaching process, instead of the Waelz process used
in many zinc plants around the world.

Thus, the following optimal conditions for
leaching zinc cake were established: sulfuric acid
concentration 180-190 g/I, temperature 90 ° C,
duration 4-4.5 hours. Under these conditions, the
degree of extraction of zinc into solution is 97—
98.5%, copper 92-93%, cadmium 78—80% and iron
72.5-75.2%. In the resulting sulfate solution, the
concentration of zinc in the solution is sufficient to
transfer it to the zinc electrolysis workshop; the

impurities contained in the solution are first purified
by the hydrolytic method used at the zinc plant of
Almalyk MMC JSC.
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«AnmanbiK, TMK» AK-Aa Mbipbill KOHUEHTPATTAPbIH MTMAPOMETANNYPIUANDIK,
aAicneH eHAeyAiH TEXHONOIMANDIK CbI3b6acbIH XKeTingipy

Yakubov M.M., 2Kholikulov D.B.,2Maksudhodjaeva M.S., *Yoqubov O.M.

LAnamaneiK KanaceiHOarsl MISIS ¥1mmolK 3epmmey mexHon02usAnslK yHusepcumemi, ©36ekcmaH
2TawkeHm MmemaeKemmiK MexHUKanbIK yHugepcumemiHiy Aamansik gunuansl, ©36ekcmax
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TYWIHAEME

KoHueHTpaTTapAaH mMblipbill any MMPOMETANNYPTUANBIK XKHE TMAPOMETANNYPIUANbIK dAIiCTEPMEH
}Ky3ere acbipblnagbl. AN }ofapbl COPTTbI MbIPbILW TMAPOMETANNYPIUANDBIK SAICTI KONAAHY apKblabl
anblHaAbl, OHAA KyhAipinreH cynbdua KOHUEHTPaTbl KYKIiPT KbIWKbINABI MbIPbIW epiTiHAICIMeH
KYKIPT KbIWKbINABI LaliManayfa ylblpakabl, HITUXKeCiHAE KailTa eHAaey eHIMi — KOKbiMAbl
(cy3iHAjHi) waimanay npoLeciHiH, KaTTbl KanablFbl Ty3ineai. TazapTyaaH KeriH Mblpbiw cynbdaThl
epiTiHAiCI 3NEKTPONUTTIK Ta3apTyFa YLIbIpaiabl, an KOKbIM MUPO - HEMECE TMAPOMETANNYPIUANDBIK,
KonmeH eHaenegi. «Anmanbik TMK» AK-Aa mMbipbil KOHLEHTPATTapblH MMAPOMETaNNYPIrUANbIK,
eH/ey NpoLeciHAe anbiHFaH MbIPbILL KOKbIMbIH MMPOMETANNYPIUANbIK SAICNEH — UEKTeY apKbl/bl
eHAaelnai. Mnektey npoueci y3biHAbIFbI 50 MeTp KaHe gnameTpi 3,5 meTp eki Kybbip/ibl newTe
(nnekTey newi) 1100-12000°C TemnepaTypaa, TOTbIKCbI3AaHABIPFbIWTbIH, KOKC YCaFbIHbIH, aHe
MYHaW KOKCbIHbIH, KaTbiCybIMeH eTeAi. Mblpbil KOKbIMbIH UNEKTeY HaTUMKeCiHAe BO3roHAap MeH
KaTTbl TEXHOTEHAIK KanablK, KypaMmblHAA MbIC, anTblH, Kymic 6ap KAnHKep Tysineai. KnnHkepaeH
KbiMBaT meTasngapAbl any ywiH, on 3aybiTTa 6ankbiTy newTtepiHae eHaeneai. Kasip 450 mblH,
TOHHaZAH acTam K/MHKEep KWMHaKTanbin Typ. OcbifaH 6ainaHbICTbl Kasipri yakbITTa Mblpbil
KOKbIMAAPbIH BHAeYAiH, KbiIMbaT uiekTey NpoueciHiH OpHbIHA, TMAPOMETAaNNYPIUANLIK d4icneH
MbIPbILW KOKbIMAAPbIH 8HAey 6oMbIHLWA FblbIMK 3epTTeynep Xyprisinyae. 4-4,5 carat walimanay
KesiHae meswepi 0,074 MM KOKbIMAAPAb! }oFapbl TemnepaTypaaa (9000° C) KyKipT KbILKblIbIMEH
Wwarimanay urepinai, epitiHgire MbipbIlWTbIH, anbiHybl 98,5% Kypaiapl; mbic 92,8%; Temip 75,2%;
Kaamuii 79,2% 6onagpl.

Tyiiin ce3dep: Mbipbil, KOKbIM (Cy3iHAi), Mpouecc, Waimanay, KOHLEHTPAT, KO, 3KCTpaKums,
epiTiHAj, KNNHKep, KOKC.
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CoBepLUeHCTBOBaHME TEXHO/IOTMYECKOI cxembl NnepepaboTkmn LMHKOBbIX
KOHLLeHTPaTOB rmapomeTtannypruieckum cnoco6om Ha AO «Anmanbikckunit TMK»

Yakubov M.M., 2Kholikulov D.B.,2Maksudhodjaeva M.S., *Yoqubov O.M.

HayuoHaneHbIl uccnedosamensckuli mexHonoauveckuli yHusepcumem MUCuUC e Anmansike, Y3bekucmaH
2Anmaneikckuli punuan TawKeHMCKo20 20cydapcmeeHH020 mexHU4ecKo20 yHusepcumema, ¥Y36ekucmax

AHHOTALUMUA

M3BneueHve LMHKa n3 KOHLLEHTPaTOB ocyulecTBnseTcs  ABYMA cnocobamu:
MUPOMETANNYPTUYECKUM U TUAPOMETANNYPIUYECKUM, @ NOYYEHME YACTOTO LIMHKA BbICLIMX MapOK
BO3MOXHO TMAPOMETAYPIUYECKUM METOLOM, MPU KOTOPOM MPOKANEHHbIN CynbGUAHbIN
KOHLLEHTPAT NoABepratoT CEPHOKMUCIOTHOMY BbILLENa4YMBAHUIO PACTBOPOM CEPHOKUC/IONO LIMHKA U
o6pasyeTca peLupKyIALMOHHbIA NPOAYKT — TBEPAbI OCTaTOK MPOLecca BbillenaumBaHma Keka.
Mocne ouncTKM pacTBop cynbdaTta LMHKA NOABEPratoT SNEKTPONUTUHECKOMY PadUHMPOBAHUIO, A
KeK nepepabaTbiBAOT MUPO- UAW FMAPOMETANIYPrUYeckum cnocobom. Ha AO «ANManbIKCKuit

MNoctynuna: 29 mapma 2024 TMK» B npouecce ruapomeTannypruyeckoi nepepaboTku LMHKOBbIX KOHLLEHTPATOB NOMYYEHHbI
PeueH3nposaHue: 23 anpens 2024 LUMHKOBbIA Kek nepepabaTtbiBaeTca MMPOMETANNYPrUYECKMM METOAOM — NpOKaTkoW. lMpouecc
MpuHATa B Nneyvatb: 7 utoHa 2024 NPOKaTKM MPOUCXOAWUT B ABYX TpybuaTbix meyax (NMpoKaTHbIX neuyax) AAMHON 50 meTpoB M

avameTpom 3,5 meTpa npu Temnepatype 1100-12000C, B npUCYTCTBMM BOCCTAHOBUTENSA, KOKCOBOM
Menoum n HedTAHOro KoKca. B pesynbTaTe NPOKATKM LIMHKOBbIX KEKOB 06Pa3yroTcs BO3rOHbI U
TBEPAbI TEXHOTEHHbIM OCTaTOK — KAWHKep, CoAeprKallimii meap, 30/10T0 U cepebpo. KnuHkep
nepepabaTbiBaeTcA Ha 3aBOAE B M/IABW/bHbIX NeYax C LEnblo WM3BAEYEHUSA [ParoLeHHbIX
METa//IoB, HO Ha AAaHHbIN MOMEHT ero HakanausaeTcs 6osee 450 TbiCAY TOHH. B CBA3K C 3TUM B
HacToswee BpemMs MPOBOAATCA Hay4yHble WCCNefoBaHMA MO nepepaboTKe LMHKOBbIX KeKOoB
rTMOPOMETANIIYPIMYECKMM METOAOM C LeNblo  MCK/IOYEHUA [0POrocToAlero MpoKaTHOro
npouecca nepepaboTKM LMHKOBbIX KEKOB; OCBOEHO BblCcOKOTEMNepaTypHoe (900 C)
CEPHOKMCNIOTHOE BbilenaymBaHue Kekos paamepom 0,074 mm npu BblLLeNaunBaAHNUM B TeUEHUe 4-
4,5 yacoB, U3BNeYeHMe LMHKa B pacTBop coctaBnneT 98,5%; meab 92,8%; xeneso 75,2%; kaamui
79,2%.

Kniouesbie cnoea: UMHK, Kek, NMpoOLECC, BbllleNauyMBaHMe, KOHLLEHTPAT, Orapok, 3KCTPaKuus,
pacTBOp, KIMHKEP, KOKC.

WHpopmayus o6 asmopax:
Yakubov Mahmud Mahamadjanovich Jlokmop mexHu4ecKux HayK, npogeccop, HayuoHabHsIl uccnedosamensbckuli mexHono2u4ecKuli
yHusepcumem MUCuC e Anmansike, Y36ekucmaH. E-mail: yakubovmahmud51@gmail.com

Jlokmop  mexHuU4YecKux  HayKk, npogeccop, Anmanvikckul  ¢uauan  TawKeHMCcKo2o

Kholikulov Doniyor Bahtierovich . . .
20cy0apcmeeHH020 mexHuU4ecKko2o yHusepcumema, Y3bekucmad. E-mail: doniyor_xb@mail.ru

KaHoudam mexHuyeckux HayK, Aamasnsikckuli ¢punuan TawKeHMCKo2o 20Cy0apcmeeHHo020

Maksudhodjaeva Mukhtabar Saidovna
mexHuU4YecKo20 yHusepcumema, ¥Y36ekucmaH

Yoqubov Oybek Mahmudjanovich PhD, HauyuoHanbHbil uccnedosamensckuli mexHonoaudyeckul yHusepcumem MMUCUC e
Anmaneike, Y3bekucmat. E-mail: oybek.yoqubov6600@gmail.com

References

[1] Zaitsev Vya, Margulis EV. Metallurgy of lead and zinc. M.: Metallurgy. 1985, 263.

[2] Marchenko NV, Oleynikova NV. Metallurgy of lead, zinc and cadmium: textbook. Part 1. Krasnoyarsk: Siberian Federal
University. 2018, 276.

[3] Feldman RI. Autogenous shaft smelting of clinker. Non-ferrous metals. 1991; 4:10-13.

[4] Krivonosov YusS, Viduetsky MG, Gabdulkhaev RL, Klyagin VV. Technology of clinker enrichment at JSC Electrozinc. Mining
Journal. 2007; 12:84-85.

[5] Kazhakhmetov SN, Omarova AS, Chokaev MT. Autogenous processing of copper clinker using borate ore. Non-ferrous
metals. 1999; 4:8-11.

[6] Krysenko NS. On hot rolling of clinker in Waelz kilns. Non-ferrous metals. 2000; 5:16-19.

[7]1 Yakubov MM, Abdukadyrov AA, Mukhametdzhanova ShA, Yokubov OM. Involvement in production man-made formations
on enterprise JSC Almalyk MMC. Non-ferrous metals. 2022; 5:36-41.

[8] Yakubov MM, Dzhumaeva KhYu, Umaraliev IS, Mukhametdzhanova ShA. Study of the possibility of using technogenic raw
materials when smelting sulfide copper concentrates in the Vanyukov furnace at JSC Almalyk MMC. Non-ferrous metals. 2023; 5:14-
19.

[9] Yakubov M, Yoqubov M, Kholikulov D, Maksudhodjaeva M. Depletion of converter slags to waste in the Vanyukov furnace
during pyrometallurgical copper production at JSC Almalyk MMC. Kompleksnoe Use Mineralnogo Syra = Complex Use of Mineral
Resources. 2024; 331(4):60-68. https://doi.org/10.31643/2024/6445.39

[10] Andak B, Ozdugan E, Tiirdii S, Bulutcu AN. Recovery of zinc and manganese from spent zinc-carbon and alkaline battery
mixtures via selective leaching and crystallization processes. J. Environ. Chem. Eng. 2019; 7(5):103372.
https://doi.org/10.1016/j.jece.2019.103372

[11] Zheng YX, Lu JF, Liu W. An innovative technology for recovery of zinc, lead and silver from zinc leaching residue.
Physicochemical Problems of Mineral Processing. 2016; 52(2):943-954. https://doi.org/10.5277/ppmp160233



mailto:yakubovmahmud51@gmail.com
https://doi.org/10.31643/2024/6445.39
https://doi.org/10.1016/j.jece.2019.103372
https://doi.org/10.5277/ppmp160233

Complex Use of Mineral Resources. 2025; 333(2):89-96 ISSN-L 2616-6445, ISSN 2224-5243

[12] Demirkiran N, Senel M. Dissolution kinetics of metallic zinc obtained from spent zinc-carbon batteries in nitric acid solutions.
Environ. Prog. Sustain. Energy. 2021; 40(3):10. https://doi.org/10.1002/ep.13553

[13] Mamyachenkov SV. et. al. Issledovaniye tekhnologicheskikh parametrov effektivnosti elektroliza tsinka iz shchelochnykh
rastvorov. [Study of the influence of technological parameters on the efficiency of zinc electrolysis from alkaline solutions]. Novosti
universitetov. Tsvetnaya metallurgiya [News of universities. Colored metallurgy]. 2018; 6:12-19. (in Russ.).
https://doi.org/10.17073/0021-3438-2018-6-12-19

[14] Mamyachenkov SV, Yakornov SA, Anisimova OS, Kozlov PA, Ivakin DA. Research into the influence of process parameters
on the efficiency of zinc electrolysis from alkaline solutions. Russ. J. Non-Ferr. Met. 2019; 60(1):1-7.
https://doi.org/10.3103/51067821219010097

[15] Youcai Z, Chenglong Z. Electrowinning of zinc and lead from alkaline solutions. In: Pollution control and resource reuse for
alkaline hydrometallurgy of amphoteric metal hazardous wastes: Handbook of environmental engineering. Cham: Springer. 2017,
171-262.

[16] Strizhko LS, Normurotov RI, Kholikulov DB. Study of the process for gold hydrochlorination in gold-containing magnetic
fraction processing . Russian Journal of Non-Ferrous Metals. 2009; 50(5):449-451.

[17] Rodriguez Rodriguez N, Machiels L, Onghena B, Spooren J, Binnemans K. Selective recovery of zinc from goethite residue in
the zinc industry using deep-eutectic solvents. RSC Adv. 2020; 10(12):7328-7335. PMID: 35493887; PMCID: PM(C9049832.
https://doi.org/10.1039/d0ra00277a

[18] Kolesnikov AS, Kopsalyamov A, Kolesnikova O. et. al. Technology of processing waste from the zinc industry to produce
ferroalloy and sublimates of non-ferrous metals. Bulletin of SUSU. 2013; 13(1):34-39.

[19] Krivonosov YusS, Viduetsky MG, Gabdulkhaev RL, Klyagin VV. Technology of clinker enrichment at JSC Electrozinc. Mining
Journal. 2007; 12:84-85.

[20] Geykhman VV, Kazanbaev LA, Kozlov PA, Kolesnikov AV, Desyatov OM, Chinkin VB. Efficiency of flotation in the processing
of zinc cakes. Non-ferrous metals. 2000; 5:32-34. IPC 7.

[21] Chepushtanova TA, Motovilov IYu, Merkibayev YS, Polyakov KV, Gostu S. Flotation studies of the middling product of lead-
zinc ores with preliminary sulfidizing roasting of oxidized lead and zinc compounds. Kompleksnoe Ispol'zovanie Mineral'nogo Syr'a =
Complex Use of Mineral Resources. 2022; 323(4):77-84. https://doi.org/10.31643/2022/6445.43

[22] Kenzhaliyev BK, Gladyshev SV, Abdulvaliyev RA, Kuldeev El, Beisembekova KO, Omarova SA, Manapova Al. Development
of technology for chromite concentrate from the slurry tailings of enrichment. News of the national academy of sciences of the Rep.
of Kaz. Series of geology and technical sciences. 2018; 3(429):182-188.

[23] Zhunusova GZh, Kalyanova OA, Altaibaev BT, and others. Ochistka ot primesey medi i kadmiya sul'fatnykh rastvorov tsinka
ot avtoklavnogo vyshchelachivaniya tsinksoderzhashchikh otkhodov [Purification of zinc sulfate solutions from copper and cadmium
impurities from autoclave leaching of zinc-containing waste]. Sbornik dokladov VIII Mezhdunarodnoy nauchno-prakticheskoy
konferentsii «Prioritetnyye nauchnyye napravleniya: ot teorii k praktike» [Collection of reports of the VIII International Scientific and
Practical Conference Priority Scientific Directions: from Theory to Practice]. Novosibirsk. December 20, 2013, 129-136. (in Russ.).

[24] Zhunusova GZh, Kalyanova OA, Altaibaev BT, and others. Cementation of copper, cadmium, cobalt and nickel from zinc-
containing sulfate solutions from autoclave leaching of zinc-containing waste. Collection of reports of the 5th International Scientific
and Practical Conference Science and Society. London. November 25-26, 2013.

[25] Grudinsky PI, Zinoveev DV, Dyubanov VG, Kozlov PA. State of the art and prospect for recycling of waelz slag from electric
arc furnace dust processing. Inorg. Mater.:Appl. Res. 2019; 10(5):1220-1226. https://doi.org/10.1134/52075113319050071

[26] Sadykov SB. Avtoklavnaya pererabotka nizkosortnykh tsinkovykh kontsentratov [Autoclave processing of low-grade zinc
concentrates: dissertation]. Doctor of Technical Sciences in the form of scientific. report: 05.16.02. Ekaterinburg. 2006, 584. (in Russ.).

[27] Grudinsky PI, Smirnova VB, Dyubanov VG, Kozlov P.A. lIssledovaniye protsessa sul'fatiziruyushchego obzhiga s
ispol'zovaniyem sul'fatov zheleza pri pererabotke tsinkovykh plit [Study of the process of sulfatizing roasting using iron sulfates in the
processing  of  zinc  cakes]. International scientific research  journal. 2018; 12(78). (in Russ.).
https://doi.org/10.23670/IRJ.2018.78.12.013

[28] Alkatseva VM. Printsipial'naya skhema pererabotki tsinkovykh kekov [The principal diagram of zinc cakes processing].
Izvestiya vuzov. Tsvetnaya metallurgiya [lzvestiya vuzov. Tsvetnaya metallurgy]. 2014; 3:28-32. (in Russ.).

[29] Zheng YX, Lu JF, Liu W. An innovative technology for recovery of zinc, lead and silver from zinc leaching residue.
Physicochemical Problems of Mineral Processing. 2016; 52(2):943-954. https://doi.org/10.5277/ppmp160233



https://doi.org/10.1002/ep.13553
https://doi.org/10.17073/0021-3438-2018-6-12-19
https://doi.org/10.3103/S1067821219010097
https://www.webofscience.com/wos/woscc/full-record/WOS:000271550400004
https://www.webofscience.com/wos/woscc/full-record/WOS:000271550400004
javascript:void(0)
https://doi.org/10.1039/d0ra00277a
https://doi.org/10.31643/2022/6445.43
https://doi.org/10.1134/S2075113319050071
https://doi.org/10.1134/S2075113319050071
https://doi.org/10.1134/S2075113319050071
https://doi.org/10.1134/S2075113319050071
https://doi.org/10.1134/S2075113319050071
https://doi.org/10.1134/S2075113319050071
https://doi.org/10.1134/S2075113319050071
https://doi.org/10.1134/S2075113319050071
https://doi.org/10.23670/IRJ.2018.78.12.013
https://doi.org/10.5277/ppmp160233

