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ABSTRACT

Pyro-metallurgy of copper production is characterized by the output of copper slag, which is
regarded as a kind of solid waste. Moreover, this slag is identified as hazardous because it contains
impurities, like Pb, As, and Cu. Obtaining dump slags in autogenous processes does not always
meet the requirements of effective technologies, most often slags contain more than 1.0% of copper
and need to be depleted. This work is presented a brief analysis of existing technologies used for
copper slag depletion. The analysis of the existing technologies for the depletion of autogenous
smelting dump slags showed that the most promising option seems to be the depletion of copper
slags in one PV unit since by improving the process itself, by changing the unit design, it is possible
to achieve technologically complete production of matte and dump slag with low copper content.
There were proposed two technologies of improvement: electro-heating of slag siphon using the
graphite electrodes and depletion process in two-zone PV furnace.
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Introduction

Comparative analysis of technical indicators of

depletion (for example, an electric furnace with
several high-power units). The first option is
expedient, promising, and economically viable.
Improvement of the melting process on matte and

autogenous processes indicates that slags require
several measures to deplete them. For example, in
the Norand process, the copper content in slags can
reach 15%, KFP - 1.2%, KVP - 1-1.5%, Ausmelt - 0.8-
1.0%, Mitsubishi - 0.5%, PV - 0.5-0.6%. The best
indicators for dump slags are possible in the
Mitsubishi and PV processes, however, a significant
deterioration in the composition of concentrates in
recent years leads to a violation of the technology
and the production of copper-rich slags [[1], [2], [3],
[4], [5], [6], [7]]. Slag depletion technologies have
two main directions: the improvement of matte
smelting itself with the production of dump slags
and the use of separate units that allow slag

the design of the furnace will make it possible to
achieve the most significant results in slag depletion
(81, [91].

Carrying out autogenous smelting of copper raw
materials is closely related to the solution of slag
depletion issues, which involves the implementation
of the following conditions: obtaining a minimum
amount of slag with low copper content, while the
maximum should be fluidity, slag surface tension,
minimum slag density, optimal silicon dioxide
content, optimal temperature conditions for the
separation of matte and slag [[10], [11], [12]].
Temperature conditions, maintenance of thermal
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balance due to oxidation of iron sulfides, control of
moisture, and silicon oxide in concentrates are of
exceptional importance for autogenous smelting. In
a certain situation, to maintain the heat balance of
the furnace, it is possible, and sometimes necessary,
to use additional fuel, for example, natural gas, fuel
oil, or coal [[13], [14]].

To compensate for the unsatisfactory heat
balance, the insufficient temperature of the melt at
the outlet of the furnace, and additional
precipitation of the matte phase from the slag melt,
it is very important to improve the operation of slag
electric mixers on PV furnaces. Analysis of the
influence of various factors on the PV process
showed that all of them are of decisive importance
for the efficient course of the smelting process, the
main of which are indicators for the composition of
dump slags, which determine the technical and
economic characteristics of the entire technology
([14], [15]].

Method

The samples of the slags were obtained from the
Vanyukov furnace in Balkhash Copper-Smelting
Plant. These samples were analyzed by chemical and
X-ray fluorescence analysis. X-ray fluorescence
multi-element automated analysis was carried out
on a wave-dispersive combined spectrometer Axios.

To simulate the oxidation zone of a two-zone PV
furnace the slag was heated to a temperature of
1300 °Cinthe presence of areducing agent, then the
melt was kept for 1 hour. The consumption of coal
was calculated as 2.5 g per 100 g of slag.

Results and discussion

Analysis of existing technologies for copper
slag depletion

Depletion of slags when using a technology
separate from smelting is possible using various
processes such as pyro, hydro, and a combination of
pyro-hydrometallurgical methods for metal
recovery from copper slag [16]. One of the most
promising is the reduction methods using
electrothermal furnaces with various methods of
supplying the reducing agent. Solid (coke, coal) and
gaseous (coal-air mixture, natural and generator
gas) substances are used as reducing agents. In
world practice, separate or combined with a melting
unit electrothermal furnaces, furnaces with a
reducing bubbling using coal, natural, or generator
gas are most often used [17]. There are known

examples of slag depletion in the presence of pyrite,
pyrrhotite, calcium sulfide, and cast iron [18]. It is
possible to use turbulent mixing of a superheated
slag melt for purification from copper with the
introduction of CaC; into the process as a reducing
agent [19]. The effect of an electric field on a slag
melt was studied in [20]. It was found that there is a
3-fold increase in the deposition rate of copper
drops with a diameter of 5 mm. It is noted that with
an increase in the size of the metalized droplet or
with an increase in the Cu,0 content in the slag, the
effect of the electric field decreases.

Methods of depletion of slags from copper
production using sulfide reagents are seldom used
due to environmental pollution with sulfur dioxide
and to reduce the number of waste slags.
Environmentally friendly methods are
hydrometallurgical, in particular, the most common

and industrially implemented is flotation, which
includes the preparation of slag by crushing and
grinding in several stages, flotation together with
ore material (or separate for slag) to obtain sulfide
copper concentrate suitable for smelting on matte
[21]. This method assumes the availability of the
necessary flotation capacity at the concentrator. The
disadvantages of such technologies are the relatively
low extraction of copper into concentrate and the
low quality of these concentrates themselves.
Moreover, copper slag wastes after floatation
treatment, still contain heavy metals with hazardous
properties posing environmental risks, so they
needed further utilization [22].

A method has been developed for the depletion
of copper slag by leaching using various solvents
such as sulfuric acid, hydrochloric acid, ammonia,
cyanide, etc. [[23], [24], [25], [26]]. An intensification
of the process of leaching of copper slags with the
addition of hydrogen peroxide under pressure, as
well as with the use of chlorine, has been proposed
[[27], [28]]. Improvement of matte smelting itself
with the production of dump is more expedient,
promising, and economically viable and an
additional increase in the slag settling zone, in which
depletion occurs with the introduction of a reducing
agent, is the most promising direction.

Improvement of slag siphon

The slag siphon structurally is a continuation of
the melting zone of the PV, adjacent to the outer
part of the slag partition, and in solving the problem
of depletion of the slag PV and obtaining the waste
slag is of great importance. Improving the operation
of the PV slag siphon is expected to take several
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Picture 1 - Layout of electrodes in a slag siphon

measures that will affect the processing of copper
sulfide concentrates, improve the technical and
economic indicators of the process, increase copper
recovery, significantly reduce its losses with slag,
and eliminate disturbances in the normal operation
of PV furnaces. The stable operation of the slag
siphon of the PV furnace is often disturbed by
deposition processes, which is also facilitated by
changes in the composition of the charge, for
example, an increase in the content of zinc in
concentrates. The continuous discharge of slag from
the PV furnace into the electric mixer prevents the
formation of build-ups, which are the result of the
absence of horizontal movement of the melt and
local peroxidation of the melt in the bubbling zones.
In the slag siphon, it is necessary to create a regime
of free movement of the melt, the possibility of
sedimentation of copper sulfide particles, which is
possible at a certain temperature regime, the
creation of a reducing atmosphere, and the optimal
composition of the slag.

A variant is proposed using three graphite
electrodes with a diameter of 300 mm and a
transformer similar to that used for a slag mixer. The
use of electric heating of the slag siphon will allow,
when the temperature of the melt in the slag siphon
reaches at least 1300 °C, to ensure sufficiently

complete separation of slag and matte. The
electrodes in the siphon will operate at a relatively
constant level of the slag melt with a uniform flow of
slag through the slag siphon, which will provide
optimal conditions for additional heating of the slag
and the most complete separation of the matte
phase from the slag and prevention of build-up in
the siphon (Picture 1).

Additional heating of the slag in the slag siphon
will reduce the power consumption in the slag mixer
to maintain the melt temperature at least 1300 °C.
The use of graphite electrodes with a diameter of
300 mm will allow for maintaining the existing width
of the slag siphon.

Depletion in a 2-zone furnace

This process would be possible by dividing the
reaction zone of the furnace into two zones oxidizing
and reducing using a water-cooled partition. Slag
samples were obtained from the Vanyukov furnace
and their content is shown in Table 1.

Activated carbon was used as a reducing agent
with the following content wt. %: 74.3 C, 0.16 S,
0.025 P, 1.12 Fe, 0.93 SiO,, 1.56 Al,03; melting
1300 °C. The
treatment was carried out on a laboratory scale.

temperature was - reduction

The slag was heated to a temperature of 1300 °C
in the presence of a reducing agent, then the melt




Complex Use of Mineral Resources 2022; 323(4):23-29

ISSN-L 2616-6445, ISSN 2224-5243

Table 1 - Content of main components in slag before/after reduction treatment

Slag content, %
No of test Before treatment After treatment
Cu SiO: Fes04 Cu SiO2 Fes0a
11 0.93 32.05 7.80 0.43 33.1 2.5
12 0.97 31.90 7.90 0.47 32.9 2.6
13 1.033 31.30 7.95 0.50 32.9 2.6

was kept for 1 hour. The consumption of coal was
calculated as 2.5 g per 100 g of slag. At the end of
the reduction process - slag and the bottom phase
were obtained. The bottom phase had a similar
composition to the matte obtained during smelting
in a PV furnace.

Table 1 also shows the results of reduction
processing, and it's seen that during the melting
process the destruction of magnetite took place, its
content had dropped by 5.3-6.5 % from 7.8 -7.95%
to 2.5-2.6%, and this consequently had a positive
effect on prevention of copper losses with slags. The
presented results of analysis of slag samples after
interaction with activated carbon indicate a
decrease in copper content in the range of 0.43-
0.50%, in comparison with its content in slags before
reduction treatment in the range of 0.93-1.03%.
Such a decrease in the copper content is associated
with the process of destruction of magnetite, and
the transition of iron oxides to fayalite.

Conclusion

All the proposed solutions for slag depletion, for
the implementation of which industrial installations
of operating units are required, occupying vast
territories, consuming significant material and
energy resources, are economically and ecologically
unprofitable. The most promising option seems to

be the option of depletion of copper slag in one PV
unit since by improving the process itself, by
changing the unit design, it is possible to achieve a
technologically complete production of matte and
dump slag with low copper content. The use of
graphite electrodes for additional heating of the slag
in the slag siphon will reduce the power
consumption in the electrical mixer and at the same
time will allow maintaining the existing width of the
slag siphon. On the other hand, in comparison with
similar developments, the proposed technology for
melting copper sulfide concentrates in a two-zone
PV furnace will make it possible to obtain slags with
a copper content of 0.7% or less, with minimal costs
for equipment reconstruction.

Conflict of interests

On behalf of all authors, the correspondent author
declares that there is no conflict of interest.

Acknowledgments

This research was funded by the Science
Committee of the Ministry of Education and Science
of the Republic of Kazakhstan (Grant No.
AP08855511).

Cite this article as: Kenzhaliyev BK, Kvyatkovskiy SA, Dyussebekova MA, Semenova AS, Nurhadiyanto D. Analysis of Existing
Technologies for Depletion of Dump Slags of Autogenous Melting. Kompleksnoe Ispol’zovanie Mineral’nogo Syr'a = Complex Use
of Mineral Resources 2022;323(4):23-29. https://doi.org/10.31643/2022/6445.36

ABTOreHpi 6anKbITy KanAblKTapbiH KOXAbl CAPKYAbIH KONAAHDbICTaFbI

TeEXHONI0TUANapbliH Tangay

! Kenxkanues B.K., ! Keatkoscknii C.A.,* Oiocebekosa M.A., ! CemeHosa A.C., 2Hypxaauanto [.

1 «MeTannyprus }aHe KeH 6aibiTy MHCTUTYTbI» AK, CatbaeB yHuBepcuteTi, AimaTbl, KasakcraH
2 UHskeHepua paKkynbTeTi, [ KOKbAKapTa MEMIEKETTIK YyHUBepCUTETI, MHAOHE3MA



https://doi.org/10.31643/2022/6445.36

KomnnekcHoe WcnonbsoBaHne MuHepanbHoro Ceipbs. Ne4(323), 2022 ISSN-L 2616-6445, ISSN 2224-5243

Makana kengi: 25 Haypeiz 2022
CapantamagaH eTTi: 09 cayip 2022
Kabbinpganapl: 28 cayip 2022

TYRIHAEME

MbIC ©HApPICIHIH NMPOMETaNNYpruAachl KaTTbl KanAplKTapFa KaTaTblH MbIC  KOMAAPbIHbIH,
6eniHyimeH cvnatTanagbl. CoHbIMEH KaTap, Byn KoX KayinTi 60abin caHanagpbl, 6UTKEHI OHbIH,
KypambiHaa Pb, As xaHe Cu cuAaKTbl Kocnanap 6ap. ABToreHAik npouecrepae YHiHAi KoXKAapbIH
any sapAanbiM TUIMAI TexHonoruanapAblH, TananTtapbiHa Calikec Kenmengi, KebiHece Koxpap
KypambiHaa 1,0% - gaH actam mbic 6ap KaHe onapabl KyTaHAATy KaxeT. byn »KymbicTa mbic
KOMAAPbIH a3alTy YWiH KONAQHbINATbIH KONAQHbICTaFbl TEXHOMOrMANAPFa KbiCKalla Tangay
6epinreH. AsToreHai 6ankbITyAblH,  YWAIHAI  KOXAAPbIH  KYTaHAATYAbIH  KOAJAHbICTafbl
TEXHONOTMANAPbIH TaNAay HITUMKECIHAE eH NepcneKkT1Banbl HycKa MB-HbIH Bip arperaTbiHAa MbIC
KOMAAPbIH YKYTaHAATy eKeHAiri aHbIKTanApl, eMTKeHi NPOLECTiH, ©3iH XaKcapTy, KOHAbIPFbIHbIH
[V3aliHbIH ©3repTy apKblbl TEXHONOMMANBIK TYPFbIAAH aAKTaNAFaH, WTENH MEH MbICTbIH, MesLepi
a3 6onaTtblH YHiHAIHI eHAipyre KON »KeTkisyre 60naabl. FyMbICTa XKeTingipinreH eki TexHonorus
YCbIHbINFaH, 01ap: KOX CMOHbBIH rpaduT 3NEKTPOATAP apKbl/ibl SNEKTP TOTBIMEH KbI/IbITY }KaHE eKi
alimakTbIk MB newiHae *KyTaHAaTy NPOLEC.

Tyiiin ce30ep: MbIC KOXbI, KannblHa KENTIpY, CApKbly, KOX CUPOHbI, BaHIOKOBTbIH, €Ki aiMaKTbIK,
nei.
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AHanu3 cyLwecTBYIOWMX TEXHONOINA 06egHEeHMA OTBa/IbHbIX LUNAKOB
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AHHOTAUMUA

MupomeTtannyprua MeAHOro MNPOM3BOACTBA XapaKTEPU3YeTCA BbIXOAOM MeAHbIX LUIAKOB,
KOTOpble OTHOCAT K TBepAblMm OoTxoaam. Kpome TOro, sTOT WAAK CYUTAETCA OMACHbIM, TaK Kak
COAEPKUT Takue npumecu, Kak Pb, As u Cu. MonyyeHue OTBa/IbHbIX LWNAKOB B aBTOTEHHbIX
npoueccax He Bcerga CooTBeTcTByeT TpeboBaHUAM 3OPEKTUBHbBIX TEXHONOTUIA, YaLlle BCErO LUNAKK
cogep»kat 6onee 1,0% meam n HyxaatoTca B obegHeHMU. B gaHHOM paboTe npeacTaBaeH KpaTKuit
aHaNU3 CyLLEeCTBYIOLWMUX TEXHONOTUIM, UCNONb3YEMbIX ANA 0beAHEeHUA MeAHbIX Waakos. AHanu3
CYLLECTBYIOLMNX TEXHONOTUI 0BefHEHUA OTBa/ibHbIX LUJIAKOB aBTOreHHOW M/1IaBKM NOKasan, uTto
Hanbonee NepcneKkTMBHbIM BapnaHTOM ABAAETCA obegHeHMEe MeHbIX LWIAKoB B OAHOM arperate
MB, TaK Kak NyTem COBEpPLUEHCTBOBAHUA CaMOro NpoLecca, MU3SMeHeHMEeM KOHCTPYKUMK arperaTa
MOHO [,06UTbCA TEXHONOTMYECKM 3aBEPLUEHHOTO NMPOM3BOACTBA LTEMHA M OTBA/IbHOTO LU/IAKA C
HU3KMM  copeprkaHnem megn. [peanokeHol ABe  TEXHONOTMW  COBEPLUEHCTBOBAHMA:
3N1eKTPo06Orpes LWNAKOBOTO cUPOHA rpaduUTOBLIMM 3NEKTPOJAMM M Npouecc obeaHeHUs B
ABYX30HHOM neuu MMB.

KnioueBble cnoBa: MegHblii LWAaK, BOCCTaHOBUTesNbHas o06bpaboTka, obeaHeHWe, LWNaKoBbIM
cndoH, ABYX30HHaA neyb BaHioKkoBa.
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