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MUKPOTYJIKHHIIN TIeY nunra 7 TakuKara KyiHuO, SHT FOKOPH YacTOTacH OeNTuiaHaau. 7 JaKMKagaH CYHT TYIUK
CYIOKJIAHTUPUWITaH AIFOMUHHUA KOTUIIMACH KEPAKIU KOJIUIIra I<y1711/16 OJIMHAIU.

KiroueBnle ciioBa: MUKPOBOJIHOBAs 1€4Yb, aﬂIOMHHHﬁ, THUI'CIIb, 6a3aJ'ILT, Kap61/111 KpEeMHUA.

I[J'I)I IIJIaBJICHUA aJIFOMUHHUA B MI/IKPOBOJ‘IHOBOﬁ ey ObLUT U3rOTOBJIEH TUTEIDb C COACPpIKaHNEM Kap61/111a
kpemHUS. B TOTOBBIN THTEens KiamyT 24 rp amromuHms Mapku A000, momemaroT B 0a3albTOBYIO BaTy W
[IOMEIIAIOT B MUKPOBOJHOBYIO II€4b Ha 7 MUHYT, YCTaHABIMBAasl MAKCUMAJbHYIO 4acToTy. Uepe3 7 MUHYT
ITIOJIHOCTBIO paS)KI/I)KeHHHﬁ ATIOMHUHUEBBIN CIIJIaB BHUIMBACTCS B JKCJIIaCMyHro (bOpMy.
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A crucible with a silicon-carbide composition was made to melt aluminum in a microwave oven. Put 24
GR AO000 brand aluminum in the finished Crucible, placed in Basalt cotton and put in the microwave for 7
minutes, setting the highest frequency. After 7 minutes, the fully liquefied aluminum alloy is poured into the
desired mold.
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Introduction. An increase in the yield of do not have time to settle into the matte phase
metal from processed ores, a decrease in the during the smelting of sulfide copper concentrates.
content of valuable metals in waste during For this reason, the possibilities of extracting
production and their processing, as well as a copper and precious metals from technogenic
decrease in rich and easily opened ore deposits, a formations of the mining and metallurgical

decrease in the metal content in ores of ferrous and industry are relevant. [2-5].
non-ferrous metallurgy indicate the need for
special attention to increasing the complexity of the
use of raw materials aimed at for the creation and
implementation of scientific developments for the
processing of man-made waste from the
metallurgical industry.Technogenic waste from
copper and zinc production is a serious problem in
the regions of the metallurgical industry since they
are stored in dumps and amounts to millions of
tons, posing a danger to the environment [1].

At present, the available raw material
reserves of quarries do not meet the needs of the
processing plant; in connection with this, there
comes a time in the metallurgical industry, when
copper production slag containing a significant
amount of copper 0.7-7% can be considered as an
additional technogenic resource (Fig. 1 and Fig. 2)
and iron above 35%.

In the process of smelting for the production
of copper by the pyrometallurgical method, matte
is present in the slag in the form of a suspension Fig.2. The presence of copper matte in the
and tiny droplets that are entangled in the slag and composition of the slag
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In the processes of enrichment of
technogenic raw materials of copper production,
pyrometallurgical and hydrometallurgical methods
are used. If the pyrometallurgical method of
processing is unacceptable, the hydrometallurgical
method is used, but the flotation method is an even
more effective method. The fineness of grinding
slag to a fineness of 90-95% of the class - 0.02 mm
gives an increase in the extraction of copper into
copper concentrate up to 10.3% [6].

Converter slags are processed by the
pyrometallurgical method at “Almalyk MMC” JSC
with a copper content of 2.7 - 3.3%, which is
produced partly in a reverberatory furnace, and the
other part at the processing plant of the plant. Since
the reverberatory furnace cannot process the entire
volume of converter slags from the copper plant of
the plant, obtained by converting copper mattes
from the reverberator and Vanyukov furnaces.

According to the technology, converter slag
cannot be processed in the Vanyukov furnace. For
this reason, the part of the converter slag not
processed in the reverberatory furnace in the form
of technogenic raw materials is shipped to the
processing plant and, together with the ore, in
which the copper content is 0.22-0.33%, is re-
enriched to a concentrate (with a low sulfur
content), and then goes for melting, with through
extraction to blister copper no more than 50%. [7].

One of the main advantages of autogenous
smelting in the Vanyukov furnace is the high
productivity and production of SO,-rich gases used
in the production of sulfuric acid. When smelting
in a reverberatory furnace, gases low in SO
content mixed with flue gases are not suitable for
the production of sulfuric acid and are accordingly
disposed of into the atmosphere [8].

The solubility of copper in the slag of copper
smelting production should be minimal, however,
slags with a high concentration of iron oxides,
especially in the form of magnetite, dissolve more
non-ferrous metals in the form of sulfide
suspension. A high concentration of magnetite in

the slag leads to an increase in copper losses with
waste slag. And being in an excess state, magnetite
is able to precipitate, falling into a solid precipitate,
settling on the bottom of the furnace, forming a
magnetite build-up during reflective melting and
circulates as an undissolved suspension during
melting in the Vanyukov autogenous furnace,
which is the reason for the formation of copper-rich
slags in this furnace [9].

In this work, research work was carried out,
the purpose of which is to enrich the matte phase
during the smelting of sulfide copper concentrates
in a Vanyukov single-zone autogenous furnace,
with the involvement in the production of
technogenic raw materials in the form of converter
slag and zinc production clinker at the copper plant
of “Almalyk MMC” JSC.

On the basis of the research work carried out,
a two-stage technology for extracting copper, gold
and silver from converter slag into matte was
developed during the smelting of copper sulfide
concentrate in the Vanyukov furnace, at the copper
plant of “Almalyk MMC” JSC.The first stage
consists of in the recovery of slag magnetite in the
converter in the process of converting copper
mattes of the first period with a subsequent
decrease from 20.0-28.0% to 6.0-10.0% and a
decrease in copper by 30-50%. Slag containing
magnetite up to a residual content of 8-10% is
poured into warehouses for cooling. After that, the
cooled converter slag is charged with concentrate
and loaded into the Vanyukov furnace. The second
stage of processing the reduced converter slag in
the Vanyukov furnace proceeds to the state of the
copper content in it from 2.2 - 3.5% to dump slag
up to 0.6-0.7%.

Selection and justification of the objects of
study. The main objects of research were industrial
converter slags of “Almalyk MMC” JSC, the
chemical composition of which is given in Table 1.
Bothstale, accumulated and freshly formed
converter slags were subjected to chemical
analysis.

Table 1
Chemical composition of converter slags of “Almalyk MMC” JSC
Ne Content, wt. %
slag Cu Zn Pb Fe Fes04 SiO, Ca0 Al,O3 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

To conduct laboratory studies and clarify the main reactions occurring in the process of reduction during
conversion, the clinker composition was used, which is given in thetable. 2.

Table 2
The chemical composition of the clinker of the zinc plant of “Almalyk MMC” JSC
Ne Content, wt. %
samples Cu Pb Zu SiO, S C Fe Au Ag
1 2,72 1,32 2,05 19,00 - 25,20 22,00 2,351/t 185 r/t
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The practice of industrial tests for the
recovery of converter slags consists of two stages.
The first stage of converter slag recovery,
composition, %: Cu-3.57; Zn-1.60; Fe-46.56;
Fes04-21.2; Si0»-19.1; Ca0O-1.57; Al,03-3.26; S-
0.70 clinker (5% of the weight of the slag) fraction
+5 -10 mm is produced in the converter and
continues in the stream of converter slag poured
into the ladle, as well as in the ladle itself, bubbling
the melt with a stream of converter slag falling onto
the surface of the melt. The total consumption of
clinker for the recovery of one ladle (18 tons) of
converter slag is about 750 kg. The temperature of
the slag is 1250-1280°C. The resulting reduced slag

has the composition, %: Cu-1.95; Zn-1.71; Fe-
48.75; Fe30:-9.25; Si0O-20.3; CaO-1.6; Al,Os-
3.45; S-0.9.

The reduced converter slag with such a low
magnetite content is mixed with copper concentrate
and loaded into the VVanyukov furnace, which is the
second stage of slag processing.

Below are the results of practical
experiments during the smelting of sulfide copper
concentrate in the Vanyukov furnace without
additives and with the addition of converter slag to
the charge composition, where the following
results were obtained, shown in tables 3 and 4.

Table 3

The content of copper in the waste slag of the Vanyukov furnace during the smelting of sulfide copper
concentrate without the addition of converter slag to the charge composition

Waste slag Cu SiO2 Fe CaO
sampleNel 0,64 28,84 50,11 2,80
sampleNe2 0,73 26,40 49,27 2,63
sample Ne3 0,65 28,52 51,63 2,91
sample Ne4 0,54 29,92 51,08 2,80
sample Ne5 0,62 29,16 50,11 2,86
sampleNe6 0,56 32,52 46,64 2,57
sample Ne7 0,63 29,74 48,44 3,64
sampleNe8 0,60 28,86 52,60 2,46
sample Ne9 0,55 31,00 48,58 2,69

The data in table 3 show the copper content
in waste slag during operation of the Vanyukov
furnace in normal mode without loading converter
slag is 0.54 % - 0.73 %.

Industrial tests were carried out on the

processing of reduced converter slags with a
magnetite content of 6-10 % in the Vanyukov
furnace, where in the table. 4 shows the results of
studies on the content of copper in waste slag
during the processing of recovered converter slags.

Table 3
The content of copper in waste slag from the Vanyukov furnace with the processing of reduced converter slag
Wasteslag Cu SiO2 Fe CaO
sample Nel 0,65 34,20 51,83 2,58
sample Ne2 0,58 29,08 49,86 2,74
sample Ne3 0,59 27,56 50,27 2,35
sample Ne4 0,65 29,30 52,66 2,35
sample No5 0,69 30,24 52,35 2,69
sample Ne6 0,59 29,80 51,86 2,40
sample No7 0,61 29,40 50,58 2,24
sample Ne§ 0,59 29,20 51,97 2,80
sample Ne9 0,68 29,12 52,05 2,40
Wasteslag 0,72 29,70 51,72 2,55

The data in table 4 show that the copper
content in waste slag during the operation of the
Vanyukov furnace with the loading of reduced
converter slag is 0.58 % - 0.72 %. These figures do
not exceed the data on the content of copper in the
dump slags of the Vanyukov furnace, which
operate without loading converter slags.

The practice of industrial tests has shown
that there were no significant changes in the
increase in the copper content in waste slags, as
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well as in the indicators of the smelting process of
sulfide concentrate during the processing of solid-
reduced converter slags of copper production in the
Vanyukov furnace under the conditions of
“Almalyk MMC” JSC.The missing heat in the
Vanyukov furnace when loading the reduced slag
in a cold state is replenished by loading clinker,
which is not only a heat generator but also an
additional raw material of precious metals. It
should be noted on the basis of industrial tests, an
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increase in the loading of converter slag and clinker
into the Vanyukov furnace contributes to an
increase in the yield of copper, gold and silver in
the matte.

Conclusion. As a result of the research on
the development of a two-stage technology for the
processing of converter slags with the involvement

in the VVanyukov furnace, it was possible to achieve
the reduction of the excess part of magnetite with
carbon, and the extraction of copper and precious
metals into matte reached 95 %. It was possible to
deplete converter slags of copper production in
terms of copper from 2.2-3.5 % to dump 0.58-0.72
%.

of technogenic raw materials in the form of clinker
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KJIMHKED.

B craTbe nmoka3zaHsl HCClIe0BaHHS 00OTAICHUS ITSHHOBOM (a3bl MENIBIO U OJIArOPOHBIMH METATIIAMH
MPY TTaBKE CYIb(MHUIHBIX MEHBIX KOHIICHTPATOB B OJTHO30HHOM aBTOTCHHOM Meur BaHIOKOBa, ¢ BOBIICUCHHEM
B IPOM3BOJACTBO TEXHOTCHHBIX OOpa30BaHUIl B BHAEC KOHBEPTEPHOrO MUIaKa M KIMHKEpa LHMHKOBOTO
npom3BojacTBa Ha MemHbli  3aBog  AO  «Ammameikckuit  I'MK». Ha ocHoBe paspaboraHHOI
JBYX3TaITHOWTEXHOJIOTHY NEPepadOTKH KOHBEPTEPHOTO LIJIaKa IPH IUIaBKe CYIb(QUAHOTO KOHLIEHTPATAaB MeYn
BaHIOKOBa C WCMONB30BAHUEM BOCCTAHOBHTEIBLHBIX KOMITOHCHTOB KIIMHKEpa IIMHKOBOTO MPOM3BOCTBA
conepxkarero 6omee 50 % BOCCTAaHOBHTENBHBIX AJIEMEHTOB B BHJIE METATMYECKOTO JKejle3a U yIiiepona, a
Takxe 3o050ta 2,7 -3,5 /T 1 cepedpa 160-250 r/T creneHb U3BJICUCHHUS B YEPHOBYIO Me/Ib cocTaBmia 95 %.

Kalit so‘zlar: xomashyo, chigindi, mis, shlak, gaytatiklash, tugatish, magnetit, ekstraksiya, klinker.

Magqolada birzonali avtogen Vanyukov pechida sulfidli mis boyitmalarini eritish jarayonida «Olmaliq
KMK» AJ mis zavodiga konvertor shlaklari va rux ishlab chigarishning klinker texnogen birikmalarni ishlab
chigarishga joriy etib shteyn fazani mis va nodir metallar bilan boyitish bo'yicha tadgigotlar
ko'rsatilgan.Vanyukov pechida sulfidli boyitmalarni eritish jarayonida 50 % dan ortiq metalli temir va uglerod
tiklovchi elementlardan tashkil topkan, shuningdek oltin 2,7-3,5 g/t va kumush 160-250 g/t 0'z ichiga olgan
rux ishlab chigarish klinkerdan foydalangan holda konvertor shlaklarini gayta ishlashning ikki bosgichli ishlab
chiqilgan texnologiyasi asosida homaki misga nodir metallarni o ‘tish darajasi 95 % ni tashkil etdi.

Key words: raw materials, waste, copper, slag, recovery, depletion, magnetite, extraction, clinker.

The article shows studies of the enrichment of the matte phase with copper and noble metals during the
smelting of sulfide copper concentrates in the Vanyukov single-zone autogenous furnace, with the involvement
in the production of technogenic formations in the form of converter slag and zinc production clinker at the
copper plant of “Almalyk MMC” JSC.Based on the developed two-stage technology for converter slag
processing during the smelting of sulphide concentrate in the Vanyukov furnace using reducing components
of zinc production clinker containing more than 50 % of reducing elements in the form of metallic iron and
carbon, as well as gold 2.7-3.5 g/t and silver 160-250 g/t, the degree of extraction into blister copper was 95
%.
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