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ABSTRACT

The article shows the possibility of involving man-made formations in the pyrometallurgical
production of copper in the form of slag and clinker-zinc production for the purpose of
comprehensive extraction of non-ferrous and precious metals from them at Almalyk MMC
JSC. Clinker, a technogenic waste from zinc production, contains a significant amount of reducing
elements in the form of metallic iron and carbon, as well as gold in the amount of 2.3 g/t and silver
250 g/t. In research, clinker works as a reducer of magnetite contained in the converter slag during
its depletion and in the process of depletion (reduction) of the converter slag, noble metals are
extracted into matte, and then into blister copper up to 95-98%. Converter slags from copper
production of Almalyk MMC JSC contain 2.0-3.5% copper, and they, as a circulating product, are
depleted in a reverberatory furnace with copper extraction of 75%. To increase the yield of copper
from converter slag in Vanyukov furnaces, it is necessary to first deplete the converter slag in
reduction processes and then transfer it for processing. It was found that using clinker, a
technogenic waste from zinc production with a particle size of +5 - -10 mm, the recovery of
converter slag in a converter from magnetite to wustite using the developed technology in 10-15
minutes exceeded more than 50.0% (the amount of magnetite decreased from 21.9 % to 9.8%).
As a result of processing recovered converter slags in the Vanyukov furnace, it was possible to
reduce the copper content in converter slags of copper production from 2.2-3.5% to 0.58-0.72%
in waste slag. To increase the yield of copper from converter slag in the reverberatory and
Vanyukov furnaces, it is necessary to first deplete the converter slag in reduction processes and
then transfer it for processing.
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Introduction

As is known, when choosing a method for
processing copper sulfide concentrate, autogenous
furnaces began to be chosen. The advantage of
autogenous smelting processes is that it obtains
sufficient heat for melting and physical and chemical
processes, slag and matte formation in the furnace,
due to the oxidation of metal sulfides, it is possible
to work without the consumption of external fuel, all
the necessary heat for metallurgical smelting is
provided exclusively through exothermic reactions
in such processes as: “Outokumpu”, “JMCO”,
“Ausmelt”, “Isasmelt”, CFP, smelting in Vanyukov
furnaces, and others. Analyzing various

pyrometallurgical methods for processing sulfide
copper-nickel concentrates at enterprises in many
foreign countries, today the most promising
technology for their processing is smelting in a two-
zone Vanyukov furnace to produce copper-rich
matte . At the same time, these furnaces still have
additional advantages such as high productivity and
the production of process gases rich in SO 3 content fOr
the production of sulfuric acid [[1], [2]].

At Almalyk MMC JSC in 2016. The Vanyukov
autogenous furnace was built and put into
production; a second larger furnace and a flash
smelting furnace are being designed.

It should be noted that in the world's ore
deposits, reserves of high-quality copper and iron
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ores are significantly reduced, as well as the
emerging danger to the environment during their
processing, associated with the removal of a huge
amount of metallurgical technogenic waste, in the
form of slag and tailings of the processing plant. An
analysis of the forecast for raw materials in the
mining and metallurgical industry shows that the
raw material reserves of quarries and stockpiled
ores do not meet the needs of the processing plant
as early as 2020; a dilemma arises: either reduce
production or attract resources with reduced
consumer characteristics. In this regard, the
possibility opens up for their effective use as
secondary sources of iron, copper and noble metals.
In the slags of the copper industry, the elemental
proportion of iron was about 35.4%, and from the
literature it is known that an iron content of at least
25% is economically feasible [[3], [4], [5], [6], [7]].

The dumps of the Almalyk MMC JSC plant have
accumulated more than 1 billion 500 million tons of
technogenic waste from the processing plant, 8.5
million tons of dump slag, and they contain more
than 1.4 million tons of copper. In zinc production,
clinker is a technogenic waste from Waeltzing zinc
cakes; today more than 450 thousand tons of it have
accumulated in dumps; it contains gold in the
amount of 2.7-3.5 g/t and silver 160-250 g/t [[8], [9],
[10]].

However, converter slags containing copper
obtained by converting copper matte in the
Vanyukov furnace itself are not processed; the
technology does not allow it due to the oxidizing
atmosphere in the reaction zone of the furnace; they
are shipped to the enrichment plant, to the head of
the enrichment process, and together with the ore
undergo re-enrichment (crushing, grinding,
flotation) to obtain copper sulfide concentrate. Of
the total volume of converter slag produced during
copper production at Almalyk MMC JSC, 30% is
processed in reverberatory furnaces, and 70% is
transferred to the plant’s processing plant.

In order to reduce (dissolved, mechanical) losses
of metals, in the production of copper by
pyrometallurgical means in autogenous and classical
furnaces , they adhere to the main task - the need
for the copper content in the slag to be minimal,
however, in the slag the high concentration of iron
oxides, especially in the form of magnetite, on the
contrary, sharply increases his. This occurs due to
the fact that, being in excess, magnetite is able to
separate from the dissolved state into the solid state
and form an additional heterogeneous phase. In
turn, the solid phase of magnetite during melting in

a reverberatory furnace forms a magnetite deposit
in the bottom part (bottom) of the furnace, and
when melting in the Vanyukova furnace, it bubbles
(circulates) in the volume of the furnace in the form
of a suspension-dirt, disrupting the production
technology [[11], [12], [13], [14]].

Scientific research is being conducted around
the world to reduce the excess magnetite content in
iron silicate slags of copper production, its reduction
to wustite in processes during pyrometallurgical
copper production, using carbon (coke), natural gas
or man-made waste containing reducing elements.

It has been substantiated that the recovered
converter slag to a residual magnetite content of 18-
28% to 8-10% can be loaded in liquid and solid form
into melting furnaces without a negative impact on
the smelting process and without fear of magnetite
release into the solid phase [[15], [16]].

The concentration of magnetite-oxide of ferric
iron in slag can be quite high and range from 5% to
24%. An increased content of magnetite during the
smelting process can lead to disruption of the
smelting technology, which in turn leads to an
increase in copper losses with waste slag. In the
pyrometallurgical production of copper, one of the
important points when melting sulfide copper
concentrates in smelting furnaces is the reduced
content of magnetite in the waste slag. For example,
in a reverberatory furnace, magnetite in an amount
of 2-9% can be supplied with the concentrate [[17],
(18], [19], [20]].

Magnetite content of 2-9% may be present in
concentrates as shown in Fig. 1 - Fig. 4 thin sections
of ore from the Kalmakir mine of the Almalyk MMC
made at the State Enterprise IMR.

The reduction of iron oxide from the ferric state
is possible when it is reduced to ferrous oxide. The
converter slag magnetite reducer can be not only
coke, natural gas, metallic iron, but also technogenic
raw materials that contain these elements. Such
technogenic raw materials, which contain carbon
and iron, can be clinker, as well as noble metals Au
and Ag.

Selection and justification of research objects.
The main objects of research were industrial

converter slags of Almalyk MMC JSC, the
chemical composition of which is given in Table 1.
Both stale, accumulated and freshly formed
converter slags were subjected to chemical analysis.

To conduct laboratory studies and clarify the
main reactions occurring during the reduction
process during conversion, the clinker composition
was used, which is given in table. 2.
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Fig. 1 - Fragments of samples containing 1-chalcopyrite, 2-magnetite (magnification x200)

Fig.3 - Fragments of samples containing 1-chalcopyrite, 2-pyrite, 3-magnetite (magnification x200)
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Fig.4 - Fragments of samples containing 1-hematite, 2-magnetite, 3-chalcopyrite (magnification x100)

Table 1 - Chemical composition of Almalyk MMC converter slags

Content, wt. %
No.
slag .
Cu Zn Pb Fe Fes04 SiO2 Cao Al203 S
1 2.94 1.95 1.3 47.0 20.7 22.5 1.95 3.20 1.0
2 3.57 1.75 1.1 46.9 21.1 19.1 1.57 3.11 0.90
Table 2 - Chemical composition of clinker from the zinc plant of Aimalyk MMC
Clinker content , wt. %
No.
samples Cu Pb Zu Si02 S C Fe Au Ag
1 2.72 1.32 2.05 19.00 - 25.20 22.00 2.35g/t 185 g/t

The process of recovering magnetite from
converter slag composition: Cu-2.94; Zn-1.95; Pb-
1.3; Fe-47.0;Fe304-20.7;Si02-22.5;Ca0-1.95;AI1203-
3.20;S-1.0 clinker occurs in solid and liquid phases,
since the process takes place at a temperature of
1250 °C, and the melting point of iron is 1539 °C,
carbon 3527 °C.

With such a content of magnetite in the
converter slag, it becomes possible to mix it with
concentrate and load it even into the Vanyukov
autogenous furnace. In order to deplete converter
slag as a recyclable product, tests were carried out
on its preliminary recovery in the Vanyukov furnace.
As a reducing agent for magnetite - ferric iron of the

iron silicate melt of copper production, clinker was
used - a technogenic solid residue from the Waeltz
process of zinc cakes from zinc production,
containing more than 50% of reducing elements in
the form of metallic iron and carbon.

Discussion of the research results

It was settled (fig.5) that using clinker size +5 -
-10 mm when reducing converter slag in a converter
from magnetite to wustite using technology (Fig. 6),
more than 50.0% was restored in 10-15 minutes (the
amount of magnetite decreased from 21.9% to
9.8%).
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Fig. 5 - Dependence of magnetite reduction in the composition of converter slag from time to time.
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Table 3 - Operation of the Vanyukov furnace in normal mode when smelting copper sulfide concentrate without the

addition of converter slag concentrate as part of the charge.

Date N:Ir;'\gehc:)flzaterial Cu $i0, Fe Cao
01.12.2022 0.64 28.84 50.11 2.80
02.12. 2022 0.73 26.40 49.27 2.63
03.12.2022 0.65 28.52 51.63 291
04.12.2022 0.54 29.92 51.08 2.80
05.12.2022 0.62 29.16 50.11 2.86
06.12.2022 0.56 32.52 46.64 2.57
07.12.2022 0.63 29.74 48.44 3.64
08.12.2022 0.60 28.86 52.60 2.46
09.12.2022 0.55 31.00 48.58 2.69

Table 4 - Copper content in the dump slag of the PZHV, for 10 days from 10 — 19 December 2022 when processing

recovered converter slag.

Date N:I;ngehooflzaterial cu 5i0, Fe Cao
12/10/2022 0.65 34.20 51.83 2.58
11.12. 2022 0.58 29.08 49.86 2.74
12/12/2022 0.59 27.56 50.27 2.35
12/13/2022 0.65 29.30 52.66 2.35
12/14/2022 0.69 30.24 52.35 2.69
12/15/2022 0.59 29.80 51.86 2.40
12/16/2022 0.61 29.40 50.58 2.24
12/17/2022 0.59 29.20 51.97 2.80
12/18/2022 0.68 29.12 52.05 2.40
12/19/2022 0.72 29.70 51.72 2.55

The amount of copper sulfide (semi-sulfide
copper) has significantly decreased from its initial
content from 3.6% to 1.96

In December 2022 The second stage of industrial
testing of the processing of recovered converter slag
from copper production in the liquid bath furnace
(LBA) - the Vanyukov furnace - was continued in the
conditions of Almalyk MMC JSC. Table 3 shows the
operation of the Vanyukov furnace in normal mode
from 12/01/2022 to 12/09/2022, with copper
content (standard for PV) in the matte: 45 - 50%.

Heat compensation from loading cold solid
converter slags (metal oxides) from the dump occurs
by loading clinker due to the exothermic reaction of
oxidation of carbon and iron present in the clinker —
a technogenic waste from the Almalyk MMC JSC ACP
plant.

In table 4 shows the copper content in the waste
slag during the processing of recovered converter
slag.

The data in Tables 4 show that the copper
content in the dump slag when operating in the
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PZhV mode for 10 days from 12/10/2022 to
12/19/2022 with the loading of recovered converter
slag is 0.58% - 0.72%. They do not exceed the data
on the copper content in the waste slag of the PZhV
furnace (Vanyukov furnace) without loading
converter slag.

Conclusions

It was established and recommended that the
use of clinker - technogenic waste from zinc
production with a particle size of +5 - -10 mm when
restoring converter slag in a converter from
magnetite to wustite using the developed
technology in 10-15 minutes decreased from 21.9%
to 9.8%, with this contents can be loaded into the
Vanyukov oven.

In the process of smelting sulfide copper
concentrate and solid recovered converter slag from
copper production in the Vanyukov furnace, no
changes in technology indicators were observed.

The lack of heat during the smelting process in
the Vanyukov furnace when loading reduced

converter slag in a cold state is compensated by
additional clinker blending of technogenic waste raw
materials from the zinc plant AGMK, which is a
coolant (an exothermic oxidation reaction of
metallic iron and clinker carbon), as well as
additional raw materials of noble metals.

A two-stage technology for processing
technogenic raw materials in the form of converter
slag has been developed in copper production, in the
first stage by restoring it in a converter, and in the
second stage, after its recovery, it is mixed when
melting sulfide copper concentrates in a single-zone
Vanyukov furnace. Clinker-zinc production is used as
a reducing agent; the iron and carbon contained in it
reduce the excess part of magnetite, and 95% of
noble metals are extracted from it. As a result, it was
possible to deplete the converter slags of copper
production in copper from 2.2-3.5% to a waste level
of 0.58 - 0.72%, which is the goal of this technology.
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«Anmanbik, TMK» AK nupomeTtannypruanbik MbiC @HAipici Ke3iHae BaHIOKOB
newiHAaeri KOHBEPTOP/bIK WAAKTAPAbI KaNAbIKTapFa WbiFapy.

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

L«Anmansik KanacbiHdarel MISIS ¥ammoiK 3epmmey mexHoA02UAAbIK yHUsepcumemi» Aamansik gunuansl, ©36ekcmaH
2TawkeHm MemMaekemmixk MmexHUKasbIK yHusepcumemiHiy Aamanelk ¢unuasnsl, 636ekcmax

TYWIHAEME

Makana kengi: 6 Kapawa 2023
CapanTtamagaH eTTi: 4 wenamokcaH 2023
Kabbinganapl: 4 kaHmap 2024

Makanaga «Anmanbik TMK» AK-pa TexHoreHgik Tysinimaepai onapfaH TYCTi »KaHe acbin
MeTangapapl KeweHAi TypAe any MaKcaTblHAA LWAAK KOHE KAMHKEepP-MbIpbIW TypiHAEr MbiC
NUPOMETANNYPIUANBIK BHAIPICIHE TaPTYy MYMKIHAIr KepceTinreH. MblpblLl 6HAiPICIHIH TEXHOreHAK
KanablkTapbl 60/bIN TabblnaTbiH KAMHKEP KYPaMblHAA METaNAblK TeMIP KaHe KemipTeK TypiHaeri
TOTbIKCbI3AAHABIPFLIL 3EMEHTTEPAiH, alTap/bIKTal Mesiepi, COHbIMeH KaTtap 2,3 r/T anTbiH
»aHe 250 r/T Kymic 6ap. fbiibiMM 3epTTeynepae KAMHKEP KOHBEPTEP KOMbiHAa 60s1aTbiH
MarHeTUTTIH, YKyTaHAaHybl Ke3iHAe »oHe KOHBepTep KOXbIHbIH, yTaHAaybl (peayKumacbl)
npoueciHAe TOTbIKCbI3AAHAbIPFbIW PETIHAE XKYMbIC iCTeIA), acbln MeTanaap WTenHre, CoaaH KewiH
95-98% paeiiH TazanaHb6araH mMbic anbiHagpl. "Anmanbik TMK" AK mbic eHAipiciHiH, TypaeHAaipriw
KOXAapbliHaa 2,0-3,5% mbic 6ap KoHe onap akHaAbiM eHimi peTiHae 75% MbIC anbiHATbIH
LIAFbINLICTBIPFLIW NewTe )yTaHaanagsl. Analiga, BaHIOKOBTbIH, aBTOreHAiK newTepiH eHrisymeH
(onapaa KoHBepTep KOXKAAPbl OHAENMEN) MbIC BHAIPY YLLiH KOHBEpPTep KoXAapblHbIH, 6ip 6eniri,
KOMBUWHATTbIH, TEXHOTEHAIK LWIMKI3aTbiHA aiiHana OTbIPbIN, KEH LUMKI3aTbiH BaibITy npoueciHae,
KOHBEPTEP KOMbIHAH Ta3asaHbafaH MbICKQ TOMEH eTneni 3KCTpakumackl 6ap cynbduaTi mbic
KOHLLEHTPATbIH any ywiH 6alibiTy pabpukacbiHa KalTapbinagpl. LLafbinbiCTbIpFbill KaHe BaHOKOB
newTepiHAaeri KOHBEPTOP/bIK LAAKTapAaH MbIC WbIFbIMbIH apTTbIPY YLUiH anabiMeH KoHBepTep
KOYbIH TOTbIKCbI3AaHAbIPY NpoLecTepiHae XyTaHaaTbin, coAaH KeiiH enaeyre bepy Kepek.

KOHUEHTpaT.

TyiiiH ce30ep: MbIC, LWNAK, KOHBEPTEP/IK KO, KYyTaHAaTy, marHetut, 6enin any, KAuHKep,
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OcB060KAEHME KOHBEPTEPHbIX LLIAKOB B 0TX0Abl B Neuyn BaHioKoBa npwm
nMpomeTanaypruieckom npoussoacrse meaum Ha AO «AnmanbiKcku FMK»

Yakubov M.M., 'Yoqubov M.M., 2Kholikulov D.B., 2Maksudhodjaeva M.S.

L«HayuoHanbHbIli uccnedosamensckuli mexHonozuveckuli yHusepcumem MUCUC 8 Anmaribike» AnmanslKckul ¢uauars, Y3bekucman
2AnmansiKckuli hunuan TaWKeHMCKo20 20CydapcmeeHH020 MeXHUYECKo20 yHusepcumema, Y36ekucmas

AHHOTALMUA

B cTaTbe nOKasaHa BO3MOMHOCTb  BOB/IEYEHMA  TEXHOTEHHbIX  06pasoBaHut B
nMpomMeTannyprmyeckoe npousBOACTBO MeAW B BMUAE LWAAKOB M KJAWHKEPHO-LMHKOBOro
NPOV3BOACTBA C Lie/Iblo KOMMIEKCHOTO U3B/IEYEHUA U3 HUX LIBETHbIX M 61aropoAHbIX MeTannoB Ha
AO «AnmanbiKcknii TMK». KNMHKep — TEXHOrEHHbIN OTXO4 NPOW3BOACTBA LMHKA — COAEPHKUT
3HauMTeNIbHOEe KOANYEeCTBO BOCCTaHAB/IMBAIOLWMX 3/1EMEHTOB B BMAE META/NZIMYECKOro xenesa 1
yrnepoaa, a Tak:e 3010T0 B Konuuyectse 2,3 /T u cepebpo 250 r/T. B nccneaoBaHuax KAMHKep

Moctynuna: 6 Hoabpsa 2023 paboTaeT KaK BOCCTAaHOBWUTE/Ib MarHeETUTa, COAEPIKAaLLeroca B KOHBEPTEPHOM LWAAKe, MPU ero
PeueHsupoBaHue: 4 Oekabps 2023 obegHeHun u B npouecce obeAHEHWA (BOCCTAaHOBNAEHMA) KOHBEPTEPHOrO LWiaka W3B/leveHue
MpuHATa B Nneyatb: 4 AHeaps 2024 61aropoAHbIX METANNOB B LUTEMH, @ 3aTem B YepHOBYIO Meapb 0 95-98 %. . KoHBepTepHbIe Wnaku

megHoro npounssoacTsa AO «Anmanbikckuii TMK» cogepikat 2,0-3,5% meau 1 ux, Kak 060poTHbIN
NPOAYKT, 06e4HAIOT B OTpaKaTeibHOM neyun ¢ ussiedeHnem meam 75%. OgHaKo € BHeApPEHMEM
aBTOreHHbIX neuyelt BaHOKoBa (B HWMX He nepepabaTbiBalOTCA KOHBEPTEPHble LWAaKW) Ans
Npov3BOACTBa MEAM 4YaCTb KOHBEPTEPHbIX LWNAKOB, NPEBPALLlafcb B TEXHOrEHHOE Cbipbe
KombWHaTa, BO3BpaljaeTcs Ha oboraTuTesbHyto Gabpuky B npouecce oboraweHus pyaHOro
Cblpbsi, ANA NOAYYEHUA CYNbOUAHOTO MEAHOrO KOHLEHTPATa C HU3KMM CKBO3HbIM M3BJIeYeHneM
M3 KOHBEPTEPHOTO LWNAaKa B YePHOBYIO Mefpb. [Ina yBennyYeHus BbIXO4a MeAU U3 KOHBEPTEPHOTO
lWNaKka B OTpaskaTeNbHbIX MNeyax W nevax BaHiOKoBa HeobXoaMmo CcHavana o06efHATb
KOHBEPTEPHbIN LWAK B BOCCTAaHOBUTE/IbHBIX MPOLLECCaX, a 3aTemM NnepeaasaTb ero Ha nepepaboTky.

Knioyeeble cnoea: mefnb, WNaK, KOHBEPTEPHbIN LWAAK, obegHeHUE, MarHeTuT, W3B/eyeHue,
K/IMHKEp, KOHLEHTpaT.
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