Complex Use of Mineral Resources. Ne2 (313), 2020 ISSN-L 2616-6445, ISSN 2224-5243

B Crossref @creative
DOI: 10.31643/2020/6445.11 commons
UDC 669.432.669.046.42

IRSTI 53.37.91 https://creativecommons.org/licenses/by-nc-nd/3.0/

Technological experiments of joint smelting of lead
intermediate products, recycled materials and high-
sulfur copper-zinc concentrate

Dosmukhamedov N. K., Zholdasbay E. E., Kurmanseitov M.B., Argyn A.A. Zheldibay M. A.

Received: 26 February 2020 / Peer reviewed: 10 March 2020 / Accepted: 21 April 2020

Abstract. The purpose of this work is to improve the technological indicators of the existing mine contractile smelting
technology by joint smelting of intermediate products, recycled materials of lead production with high-sulfur copper-
zinc concentrate. It is established that during the smelting of copper-zinc concentrate which is difficult to process,
high selective extraction of copper into matte and zinc into slag is achieved in one stage. The method consisted in
the joint smelting of lead intermediates and high-sulfur copper-zinc concentrate in an electric furnace at a
temperature of 1250 ° C under conditions of sequential blowing of the melt with air, then with natural gas. It is
established that when the melt is purged with air and natural gas for 20 minutes, an equilibrium distribution of metals
between the melting products is achieved. It is shown that simultaneous use of copper-zinc concentrate as a
sulfidizer reduces the content of copper and lead in slag, increases the extraction of arsenic and antimony into the
dust. Consumption of coke and quartz flux is reduced in comparison with the existing technology from 6.7 to 2.5%
and from 12.5 to 2.8% of the initial feed weight, respectively, which significantly reduces material and energy costs
of the process. As a result of extensive laboratory testing, the optimum composition of the new charge has been
selected. Metal distribution between smelting products of the new charge with addition of 30% of high-sulfur copper-
zinc concentrate was established. High recovery of copper to the matte up to 94.8%, against 83.7% according to
the existing technology; lead to the rough lead - up to 93.6%, against 70.8%; zinc to the slag - up to 94.7%, against
83.7%; arsenic to the dust - up to 91%, against 69.5% and antimony to the dust - up to 92.3%, against 60.0%
according to the existing technology.

Keywords: charge, intermediate product, recycled materials, copper-zinc concentrate, distribution, recovery, coke,
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Introduction 2]. Their accumulation is growing in the main
production, which increases material and energy

When processing substandard intermediate  costs of lead and copper production. The use of
products and recycled materials, none of the existing ~ known barbotage autogenous processes (Q-S-L,
lead production processes achieves high recovery of ~ Isasmelt, "Vanyukov Process", etc.) for the solution
valuable metals. There is not enough deep of the listed actual problems is restrained by a set of
sublimation of arsenic and antimony into dust, which ~ reasons: high volatility of lead compounds;
reduces their removal from the main production [1, insufficient calorific value of processed materials;
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complexity of composition of initial charge from
which it is necessary to extract the maximum of
valuable components [3, 4, 5]; necessity of using of
expensive coke; complexity of equipment design, etc.
[5, 6].

The existing technology of processing of
substandard intermediate products and recycled
materials at KazZinc Ltd. is based on mine contractile
smelting. The process is characterized by high
consumption of expensive coke and significant
emissions of low by SO hard-to-recover gases into
the atmosphere. The technology is designed for
processing of a complex conglomerate of a mixture
consisting of copper-lead matte from mine blast
smelting, converter slag and recycled materials from
refining of rough lead: copper slips, alkaline melts,
lead cakes, etc. Compositions of substandard
sulphide intermediate products are not stable and
vary widely. For example, lead-copper mattes
contain, %: Cu - 10-20, Pb - 12-25, Zn - 8-12, As —
up to 1.5, Sb — up to 1.0; copper slips, %: Cu - 15-
20,Pb - 18-30,Zn - 2-4, As—4.0, Sb - up to 2.5. From
recycled materials the converter slag attracts
attention, % (wt.): Cu - 3-5, Pb - up to 34, Zn - up to
4.5, As - 2-2.5, Sh - up to 2.0, which is the main part
(up to 30%) in the structure of the initial charge of
mine contractile smelting.

During the smelting of the initial charge,
significant volumes of non-ferrous, precious, rare and
rare-earth metals as well as associated hazardous
metal impurities (As, Sb) circulate in the
technological chain "smelting-converting”. As a
result, valuable metals are distributed in the smelting
products, and the accompanying impurity metals (As,
Sb) accumulate in the technological chain, which
reduces the quality of the obtained products,
increases the negative impact on the environment and
life safety of workers. The objective of the
technology is recovery of base metals - copper and
lead. However, extraction of copper to the matte is
low, around ~ 83%. Extraction of lead to the rough
lead hardly reaches the level of 70%. The low lead
recovery is due to its high content in matte (up to
30%) and slag (up to 1.7%). The process is
accompanied by high consumption of expensive coke
and slag output (up to 60% of charge weight), high
energy and material costs. Dust output is ~15% from
the weight of the loaded charge and is characterized
by high content of nonferrous metals, %: Pb - 20; Cu
- 6-7; Zn - up to 10. Due to the lack of favorable
conditions for deep sublimation of arsenic and
antimony, their extraction to the dust is low and
amounts to 70% and 57%, respectively. Complex
composition of the obtained matte, characterized by
high content of Pb - up to 25%, As - up to 2% and Sb
~1.5%, complicates their further processing by
converting and increases energy and material costs of

the process. The obtained matte concentrates up to 4
g/t of gold and ~800 g/t of silver, which are
irrecoverable losses for the lead industrial plants.
Thus, the technological process, designed to utilize or
minimize the intermediate formations, inevitably
"inserted" into the framework of the operated
equipment and technological solutions of the
production of the main category of products with all
the existing shortcomings [7].

Despite its obvious disadvantages, the
technology of mine contractile smelting continues to
be used as a forced measure, at least partially solving
the problem of processing a large volume of obtained
intermediate products and recycled materials of lead
production.

The best metal distribution between the products
of mine contractile smelting was achieved by
changing the composition of the initial charge. The
results of laboratory smelting of the modified
composition of the charge showed the possibility of
significant improvement  of  technological
parameters: recovery of copper to the matte increased
to 95%, lead to the rough lead to 86%, arsenic and
antimony to the dust (sublimations) - 83% and 75%,
respectively [8]. The quantitative ratio of copper-zinc
ore to quartz flux was taken equal to 1.5, instead of
~0.5 according to the existing technology. During
smelting of the feed charge with the selected
composition favorable conditions for obtaining low
by copper and lead slags are created due to the
inclusion of the mechanism of interaction of high-
sulfur components of copper-zinc ore with oxide
melt.

It is relevant to take more promising decision on
processing the obtained lead intermediate products
and recycled materials with copper-zinc concentrate.
This decision is supported by the production of high
sulphur copper and zinc concentrate at the Nikolayev
deposit in the East Kazakhstan region.

Copper-zinc concentrates in copper production
are traditionally considered to be “technologically
inconvenient” and as raw materials difficult to
process primarily due to the presence in tangible
(significant) concentrations of zinc and lead at
considerable copper content (18-20%). For complex
processing of lead intermediate products and
recycled materials polymetallic sulfide copper-zinc
concentrate is the most suitable (optimal, unique)
material (feed charge component, natural reagent),
performing the role of "former" of the main
condensed smelting products - lead, matte and slag.
The concentrate contains all the necessary
components (elements): lead, copper, zinc and sulfur,
available amount of each can be used in order to
effectively separate lead, copper and zinc from
recycled materials to obtain high quality products —
rough lead bullion, copper matte and zinc slag.
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Direct processing of high-sulfur copper-zinc
concentrate with its simultaneous use as a sulfide
reagent in the process of smelting would allow in one
stage to recover as much lead into the rough metal,
copper to the matte, zinc to the slag from the
processed materials, including the concentrate. This
way of improving the processing of lead intermediate
products and recycled materials from the point of
view of practice looks attractive due to the

development of mine contractile  smelting,
accumulated experience of its operation and
minimum  capital costs  during industrial

implementation.

The purpose of the present work is to define the
main technological parameters of the technology of
joint smelting of intermediate products, recycled
materials of lead production with high sulfur copper-
zinc concentrate under conditions of enlarged
laboratory tests.

Methods of conducting technological
experiments

Intermediate products and recycled materials of
lead production of KazZinc Ltd. were used for the
enlarged laboratory tests of reduction-sulfidizing
smelting. Chemical compositions of materials are
given in Table 1.

Coke containing 87.9% carbon was used as a
reducing agent. High-sulfur copper-zinc concentrate
from Nikolayev deposit of East Kazakhstan region
was used for experiments, wt. %: 18.57 Cu; 2.3 Pb;
12.5 Zn; 24.6 Fe; 33.4 S; 0.22 As; 0.25 Sb; other. By
preliminary  experiments and  metallurgical
calculations it was established that the highest effect
on the extraction of metals to the targeted products is
achieved at a mass flow of concentrate equal to 30%
of the initial charge, composed of a mixture of quartz
flux and components given in Table 1.

Table 1 — Chemical composition of intermediate products, recycled materials and flux of the lead production

Chemical composition, wt.%
Name of material Cu Pb Zn Fe S As Sb S|02 Cao others
Copper slips 29.0 | 36.0 | 4.0 877 1387 | 14 — — 16.96
Low by main metals matte of | 5, g5 | 195 | 114 | 167 | 121 | 11 |056 | - | - | 1879
mine contractile smelting

Converter slag 383 | 335 | 454 | 15 - 23 | 094 | 2166 | 54 12.83
Alkaline melts 0.08 | 61.7 | 24.1 — - 097 | 14 — — 11.75

Quartz Flux 0.62 74.8 15.7 8.9

With addition of the concentrate to the charge,
the structure of the charge was adjusted with
consideration of changes in the consumption of
quartz flux depending on the amount of the added
concentrate. Thus quantitative ratios of products
(Table 1) in the initial charge remained at the level of
industrial practice. The new composition of the initial
charge consisted of a mixture: copper slips - 27.8%;
charges of contractile smelting (CS), including low
by copper-lead matte and oxidized recycled materials
- 18.5%; converter slag - 24.0%; quartz ore - 4.7%;
coke - 2.5% and copper-zinc concentrate - 22.5%.

The experiments were carried out at the
temperature of 1250°C in an electric furnace of 100
kW with 100 mm in diameter electrode. The furnace
size: width - 250 mm, length - 410 mm, height - 440
mm.

Weight of the initial charge sample ~ 2.0 kg. The
method of conducting the experiments was as
follows. The initial charge was loaded on pre-melted
slag, and once smelted with the help of oxygen tubes,
sequential blowing with oxygen (20 min.), then - with
natural gas (20 min.) was carried out. The air and
natural gas consumption was constant at 10 I/h. The

duration of smelting was 40 minutes. Once blowing
is done the melt settled for 20 minutes, and through
the special boreholes, slag, matte and rough lead were
released. Each experiment was repeated three times
for reproducibility. There was a good convergence of
results. The obtained samples of slag and matte were
subjected to elemental analysis and mineralogical
studies.

Elemental analysis of slag and matte samples was
determined by Agilent 7700 Series ICP-MS (USA)
inductively coupled plasma mass spectrometer.

Microscope Neofot (Carl Zeiss AG, Germany)
was used for mineralogical analysis of polished
surfaces of solid slag and matte samples.

Results and discussion

The thermodynamic laws of physico-chemical
processes occurring during the joint smelting of
intermediate products, recycled materials, and high-
sulfur copper-zinc concentrate were studied in our
work [9, 10]. Taking into account the theoretical
fundamentals already stated, the results obtained in
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this work are discussed from the point of view of
general positions, which is the main interest for
practice.

A comparative analysis of the results of the
material flows balance of the existing technology and
smelting of a new composition of the charge with
copper-zinc concentrate is presented in Fig. 1. High
technological performance was achieved by smelting

a new composition charge. Rough lead output
increases from 19.4 to 24%, and matte increases from
28.3 to 32%. The established decrease in dust yield
(from 5.6 to 4.2%) is explained by the minimum of
dust extraction during electric smelting and the
deeper sublimation of arsenic and antimony into dust
due to the use of high-sulfur copper-zinc concentrate.

Uploaded:
6.7
19.5 29.2
12.5 25.3
Copper slips Converter slag
Flux ore = Cu-Zn Concentrate
Charge CS = Coke
Uploaded:
25
19,0
28.5
24.7
Copper slips Converter slag
Flux ore = Cu-Zn Concentrate
Charge CS u Coke

Received:

5.60

46.60

Rough lead

= Matte slag

= Dust

2.9 Received:

Rough lead = Matte = Slag = Dust W Discrepancy

A) — existing smelting technology; B) — charge smelting with addition of Cu-Zn concentrate.

Figure 1 Comparative material flow balance

More than two-times decrease in quartz flux mass
during the smelting of the initial charge with copper-
zinc concentrate is clearly seen. It was established in
[8] that an excess amount of quartz present in slags
from industrial practice, not participating in the
formation of slag (fayalite), is ~ 40% of its total
amount in slag. This leads to a large yield of slag,
which requires an increased consumption of coke
(6.7% of the weight of the charge), which is
additionally consumed to heat the slag and maintain
the temperature in the furnace. As a result, the overall

material and energy costs of the process increase. In
addition, a large excess of free quartz increases the
cost of the subsequent fuming process, where the slag
is sent to extract zinc.

The material balance, compiled according to
the results of elemental analysis of the compositions
of the smelting products, is given in Table 2.

Based on the results of the material balance,
the heat balance of the technology was calculated
using a new composition charge with the addition of
high-sulfur copper-zinc concentrate (Fig. 2).

8§ ——
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Inlet Heat

018
\ - 0.01

= 0.09

= Heat from burning of fuel = Physical heat of charge

= Physical heat of coke = Physical heat of blast

m Deficit of the heat

A)
Inlet Heat Outlet Heat
342
0.14 e 13
0.01_ ‘
018 ’
Y
= Heat from burning of fuel = Physical heat of charge m Heat with rough lead ® Heat with matte
= Physical heat of coke ® Physical heat of blast = Heat with slag = Heat with gases
» Heat of exothermic reactions = Heat of endothermic reactions
B)

Qutlet Heat

6.82 1.46

A

= Heat with rough lead = Heat with matte

= Heat with slag » Heat with gases

= Heat of endothermic reactions

A) — smelting of charge of existing technology;
B) — smelting of new composition charge with the addition of high-sulfur copper-zinc concentrate.

Figure 2 Heat balances of smelting of different charge (%)

Table 2 Material balance of the joint smelting of a new charge composed of lead intermediate products, recycled
materials and high-sulfur copper-zinc concentrate in an electric furnace at a temperature of 1250 °C

Material Total: Cu Pb Zn Fe As
Uploaded: kg | % I [l 11 | 1l 11 | Il Il [ 1l I | Il 11l
Charge 19500 | 976 | 3122 | 160 | 1000 | 4517 | 23,2 [ 1000 | 1469 | 75 | 1000 | 2260 | 11,6 | 1000 | 356 | 356 | 1000
Coke 471 | 24
Total: 19971 | 100,0 | 312.2 1000 | 451,7 100,0 | 1469 1000 | 226,0 100,0 | 356 100,0
Tlonyueno:
Rough lead 4200 120 163 | 39 | 55 | 4041 | 953 | 91,2
Matte 5722 | 286 | 2820 | 493 | 931 | 280 | 49 | 64 12 I3 ] 50 | 954 [ 167 ] 433 | 34 | 06 | 97
Slag 7681 | 385 | 28 | 04 | 09 54 007 ) 12 | 1340 | 175 937 | 1231 | 160 | 360 | 02 | 00 | 07
Dust, gases 1825 | 91| 16 | 09 | 03 54 0012 1.8 Lo 12 16 | 09 | 07 | 34 (172 896
Discrepancy 534 | 27| 94 30 11,7 26 38 26 59 26 | 06 17
Total: 19971 | 100,0 [ 312,2 1000 | 451,7 1000 | 1469 1000 | 226,0 100,0 | 35,6 100,0
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Sb S O Si0, Ca0 C Others
I 0| I I I I I I | I 1I 11 I II 11 I I I I I| I
153 1531000 | 2276 | 2276 | 1000 | 654 | 654 1000 | 2235| 2235 | 1000 | 798| 798| 1000 1660 85| 967
41,51 88,01 1000 571120] 33
153 100,0 | 227,6 100,0 | 654 100,0 | 2235 1000 | 79,8 1000 [ 41,5 100,0 | 171,6 100,0
11 03| 73 22 | 05] 14
02 [ 003] 12 | 1480 259 650 81 | 14| 52
01 [ 001] 04 6471 84| 990 | 2159 | 281 991 [ 771 | 100| 99,1 1446 | 188 | 920
140 [ 77| 9.1 | 797 | 436|350 | 07| 04 10 | 20 L1 09 | 07 04| 09 | 415] 227]1000] 23 | 13| 15
56 25 1 20 25 144 8.4
153 100,0 | 227,6 100,0 | 654 100,0 | 2235 1000 | 79,8 100,0 | 41,5 100,0 | 1716 100,0

It is easy to notice that a significant part of the
heat deficit of the existing technology is covered by
oxidation reactions of excess sulfur and high-sulfur
compounds supplied with high-sulfur copper-zinc
concentrate when smelting a new composition
charge. At the same time, in comparison with the
existing technology, coke consumption is decreased

Table 3 Distribution of metals between smelting products
of a new charge with the addition of high-sulfur copper-
zinc concentrate

Product Distribution*, %
sname | Cu Pb Zn As | Sb
Rough |85 |70.8 25.0
Lead 5.3 89.0 7.3
Matte 88.9 |258 |125 |28.0]13.6
90.3 | 6.2 4.9 95 [1.2
Slag 16 |21 |87 |25 |16
0.9 1.2 913 |07 |04
Dust 10 |13 |38 |[695]|59.8
0.5 1.2 1.2 88.1 911

* numerator - existing technology; denominator -
enlarged laboratory data.

Estimated recovery values of non-ferrous
metals, arsenic and antimony to the targeted products
have shown significant growth compared to the
existing technology. Recovery of copper to matte
increased from 88.9 to 94.8%; lead to rough lead
from 70.8 to 93.6%; zinc to slag from 83.7 to 94.7%;
arsenic to dust from 69.5 to 91%; antimony to dust
from 60.0 to 92.3%.

Based on the results of enlarged-laboratory
tests the preferred technological parameters of the

technology of joint smelting of intermediate
products, recycled materials and copper-zinc
concentrate in the electric furnace at the temperature
of 1250°C under reducing conditions were
determined:
+» Charge composition:
= copper slips —27.8%);

= charge of contractile smelting — 18.5%;

more than two times (Fig. 1). The distribution of
copper, lead, zinc, arsenic and antimony between the
products of smelting of a new charge with the results
of smelting of the charge of existing technology, are
given in Table 3, which shows significant changes in
the distribution of metals in the direction of
improvement.

= converter slag —24.0%;
= quartz flux —4.7%;
= copper-zinc concentrate —22.5%;
= coke —2.5%.

«¢ Duration of sequential melt blowing:
» by air—20 min., by natural gas — 20 min.

% Settling time after blowing
— 20 min;
¢ Slag composition, wt.%:
= Cu -0.4;
= Pb -0.7;
= Zn -17.5;
* FeO —-20.7;
= SiO; —-28.3;
= CaO —-10.1.
% Recovery of metals into the targeted
products:
= lead to the rough lead —92.0%:;
= copper to matte —96.0%;
= arsenic, antimony to dust —91 and

89%, respectively.

Specification of technological parameters of
complex technology of processing of lead
intermediate products and recycled materials with
high-sulfur copper-zinc concentrate requires further
large-scale (with a large amount of initial charge)
tests in a continuous mode.

Conclusions

1 Mine contractile smelting in its existing
intermediate products and recycled materials
processing purpose cannot be considered as a
prospect due to the low copper and lead recovery, low
quality matte, rough lead and slag. Further processing
of copper matte with high content of lead (~25 %),
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arsenic and antimony (in total up to 1.5 %) and zinc-
containing slags is characterized by the use of risky,
ecologically  "dirty" converting and fuming
processes, respectively.

2 The smelting of the new composition initial
charge, consisting of intermediate products, recycled
materials of lead production and optimal
consumption of high-sulfur copper-zinc concentrate,
in the electric furnace is the most preferable. This will
simplify the process and significantly improve the
quality of the obtained products by deep sublimation
of arsenic and antimony into dust, as well as reducing
lead losses in matte.

3 Adjustment of slag composition by addition
of high-sulfur copper-zinc concentrate will allow to
obtaining optimal composition of fusible zinc-
containing slag Cu,O-PbO-ZnO-FeO-Ca0-SiO;:
Zn0=20-22%; FeO/Si0,=0,8-0.9%; Ca0=8-10%.
The maximum solubility of ZnO and minimum
concentrations of copper and lead in slag will be
provided. The most effective way of further
processing of such zinc-containing slags should be
not by fumigation, but by a highly efficient
Vanyukov barbotage process. As the results of
preliminary calculations have shown, the use of two-
zones Vanyukov furnace will allow processing not

accumulated copper, lead, zinc-containing dumped
slags.

4 The results of enlarged-laboratory tests of
smelting of new composition charge in electric
furnace showed that it is not possible to get
commercial copper matte in one stage (lead content
in matte remains high enough - up to 12 %). In our
opinion, the most promising way is organization of
additional finishing of copper-lead matte in a
separate unit before the converting.
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KopfacbliHAbI XapTbiflan eHimaep MeH anHanmanbl MmaTepuangapabl MbIiC-MblpbiLl
KOHLUEeHTpaTTapbiMeH bipre 6ankbITy

DocmyxamenoB H.K., XXongac6an E. E., KypmaHcentoB M. B., AprbiH A. A., XKengn6anm M.A.

Tyiiinaeme. JKyMbICTBIH MakcaTbl — )OFapbl KYKIPTTi MBIC-MBIPBIII KOHIIEHTPATBIMEH KOPFAachlH OHIIPICiHIH KapThUIai
OHIM/IEpiH, aifHaJIBIM MaTepHaANIAAPbIH Oipiecin OAJIKBITY apKbUIbl MIAXTANIBIK KbICKAPTHI OANKBITYIBIH KOJAaHBICTAFbI
TEXHOJIOTHSICHIHBIH TEXHOJIOTHSIJIBIK KOPCETKIIITEPIH KETINipy. KUbIH OHIeNeTiH MBIC-MBIPBIII KOHIIEHTPATHIH OaJIKBITY
Ke3iH/Ie OJap/iaH MITCHHTe MBICTHI )KOHE MBIPBIIITHI IIJTAKKa Oip CaThIFa )KOFaphl CEJICKTUBTI LIBIFApPBII aly KAMTaMachl3
etinni. CelHay 9icTeMeci — KOPFAaChIHABI XKapThllail OHIMAEPl JKOHE KOFAphl KYKiPTTI MBIC-MBIPBIII KOHIIEHTPATBHIH
OaJKbpIMaHBl ANJBIMEH ayaMeH, colaH KeiiH TaOuru ra3z0eH sxyhesi ypiey jkarmaibiHaa anekTp neminge 1250 °C
TeMmmeparypaza Oipre OankpITynaH Typanpl. baaKeIMaHBI ayaMeH KoHe TaOUFU Ta30eH ypIiaey Ke3iHae 0aiKpITy eHiMaepi
apacelHIa MeTaJmapislH Teme-TeH OeriHyiHe 20 MHHYT immiHAE KOJ JKETKI3UJIEeTiHI aHBIKTaNAbl. MBIC-MBIPHIII
KOHIICHTPATHIH CyMb(OUAN3ATOP peTiHae Oip Me3riie naiinarany KO>KIaFsl MBIC TIeH KOPFACHIHHBIH MOJIIIEPiH a3alTalbl,
KYILIOH MEH CypbMaHBIH LIAaHFa IIBIFAPBUIYBIH apTThipasl. KongaHbICTaFbl TEXHOJNOTUSAMEH CaJbICTHIPFaHIa KOKC IeH
KBapI( (QIFOCIHIH IIBIFBIMBI IIMXTAHBIH CaIMaFbIHAH CoMKeciHIne 6,7-1eH 2,5% - ra aeiid xoHe 12,5-Ten 2,8% - ra aeiiin
azaszpl, Oy Iporecke KYMCalIaThIH MaTepHATABIK JKOHE SHEPTHUs MIBIFBIHAAPBIH e10yip TeMeHAeTe . Ipinenaipinren-
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3epTXaHAIBIK CBIHAKTAP HOTI)KECIH/IE KaHa ITIMXTaHBIH OHTAWIIBI Kypambl TaHAAIIBL. 30% KOFaphl KYKipTTi MBIC-MBIPBIII
KOHIICHTPATHIH KOCA OTHIPHII, JKaHAa IUKIKYpaMAbl OaKBITY eHIMAEpi apachblHIa MeTaIIapAblH Tapadybl aHBIKTAJIBL.
KonmaHbpIcTarbl TEXHOJIOTHAIA MBIC TITeHHTe 83,7% Oemince, myHaa 94,8% — Fa IeiiH >KOFaphl aJIbIH]IBL, Ta3apThUIMaraH
KopracbiH OypeiH — 70,8% 6osca, 93,6% - Fa AeiiH apTTHIPBUIILL, IIJIaKKa MbIpeim 83,7% Oemince, 94,7% - ra neitin
apTThI; IaHFa KYmoH 69,5% Gemince, 91% - ra neifin apTThl, jkoHe maHra cypema 60,0% Oemince, 92,3% - fa aeiin
apTTHI.

Tyiiinai ce3aep: mmxra, )kapThUIail OHIM, aliHAIBIM MaTepHaJapbl, MBIC-MBIPBILI KOHIIEHTPATHI, Tapajy, 0eiy, MuUIak,
IITEWH, Ta3apThUIMaraH KOPFACHIH.

TexHONorn4yeckue onbiTbl COBMECTHOM NMaBKNU CBUHLOBbLIX nonynpoaykrtos,
OﬁOpOTHbIX MaTepuanoB U BbICOKOCEpPHUCTOro MmeaHo-LUMHKOBOIro KOHUeHTpaTa

DocmyxamepnoB H.K., X)Konpgac6an E.E., KypmaHcentoB M.B., AprbiH A.A., XKengu6an M.A.

Annoranus. llenp HacTosmiel pabOTBI — COBEPIICHCTBOBAHME TEXHOIOTHICCKUX TIOKa3aTelel CyIecTBYIOMEH
TEXHOJIOTUH MIaXTHON COKPAaTUTEIHHOH IIABKH ITyTeM COBMECTHOH IIABKH IOIYIPOLYKTOB, 0OOPOTHEIX MaTEepHAajOB
CBHHIIOBOTO ITPOM3BOJICTBA C BBICOKOCEPHUCTHIM METHO-IIMHKOBBIM KOHIIGHTPATOM. YCTaHOBJIICHO, YTO IPH IIIaBKE
TPYAHO TepepadbaThiBaéMOT0 METHO-IIMHKOBOTO KOHIIEHTpaTa 00ecIednBaeTCsi BEICOKOE CEJIEKTHBHOE HM3BICUCHUE U3
HUX M€Y B WITEWH W IIMHKA B IUIaK B OJHY CTaJui0. MeToAuKa WCTBITAHWW 3aKitouyaliach B COBMECTHOM IIaBKe
CBUHIIOBBIX MOJYIPOIYKTOB U BBICOKOCEPHUCTOTO MEIHO-IIMHKOBOTO KOHIICHTpaTa B AJIEKTPOIEUH IIpU TeMIlepaType
1250 °C B ycnoBusix mocieaoBaTeabHOM MPOYyBKY paciijiaBa BO3AYXOM, 3aTEM — MPUPOJAHBIM Ta30M. Y CTaHOBJIEHO, UTO
MIpY IPOLYBKE pacIliaBa BO3AyXOM U IPUPOIHBIM Ia30M B TeueHHe 20 MUHYT JOCTUTaeTCs PaBHOBECHOE pacpeielieHre
METaJIIIOB MEXTy IPOTyKTaMu IIaBKH. IIokazaHo, YTO OAHOBPEMEHHOE UCIIOJIb30BaHHE METHO-IIMHKOBOTO KOHILIEHTpaTa
B Ka4ecTBe CYIb(PHUIN3ATOPa CHIYKACT COJICpKAHNE MEIH M CBHHIIA B IIUTAKe, TOBHIIIACT U3BJICUCHHUE MBIIITBSIKA U CyPBMBI
B IIBUTb. Y MEHBIIAETCS PAcXo]] KOKCa M KBaplEeBOro (hiroca o CpaBHEHMIO € CyIIECTBYIONIEH TeXHoIoTHei ¢ 6,7 1o 2,5
% uc 12,5 10 2,8 % oT Beca IMUXTHL, COOTBETCTBEHHO, YTO 3HAYUTEIHHO CHIDKACT MaTepHAIIbHBIC U DHEPro3aTpaThl Ha
mporiecc. B pesynbprare yKpymHEHHO-JIAOOPAaTOPHBIX WCIBITAHWNA BEIOPAH ONTHMAIBHBIA COCTAaB HOBOHM IIHXTHI.
YCTaHOBIEHO pacHpesesieHHe METAUIOB MEXAy MNPOAYKTaMH IUIaBKM HOBOM mMXTBl C pobasiaeHuem 30 %
BBICOKOCEPHHUCTOTO MEIHO-IIMHKOBOTO KOHIIEHTpaTa. JJOCTUTHYTO BBICOKOE H3BIIeUeHHE Menu B IuteiH mo 94,8 %,
npotu 83,7 % 1o cymiecTBYyIOIIEH TEXHOIOTHI; CBHUHIIA B YepHOBOM cBuHel — 70 93,6 %, npotus ¢ 70,8 %; nuHKa B
nuiak — 10 94,7 %, npotus ¢ 83,7 %; Meinibsaka B mbuib — 10 91 %, npotus ¢ 69,5 % u cypsmbl B mbuts — 10 92,3 %,
npoTtuB ¢ 60,0 % 1o CymecTBYIONeH TEXHOIOTHH.

KioueBble cioBa: mmxTa, MojgynpoayKT, 0OOPOTHBIE MaTepHalibl, MEIHO-IIMHKOBBIA KOHIIGHTpAT, pacipeieicHue,
W3BIICUEHUE, IJIAK, INTEHH, YSpPHOBOM CBUHELI.
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