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ABSTRACT

According to the earlier conclusions about the possibility of direct processing of high-sulfur copper
concentrates with copper-lead matte, analysis of the thermal regime of converting was carried
out. It is shown that the traditional calculation methods used to calculate autogenous smelting are
not entirely correct and require taking into account the effect of excess sulfur on the temperature
regime of the process. It has been established that in the process of converting copper-lead
mattes, a wide range of temperature variation is observed - from 1027 °C to 1300 °C. When the
concentrate is combined with the matte, the temperature regime of the process is stabilized,
which ensures the optimal level of SO, concentration in the gases required for the production of
sulfuric acid. Based on the calculation of the material balance of converting copper-lead mattes
using the existing technology and with the addition of a concentrate, the structure of the heat
balance of the converting process was established. A strong change in the structure of the heat
balance is shown, which is explained by the reduction of magnetite with excess sulfur and an
increase in heat due to the oxidation of an additional amount of iron sulfide introduced with the
concentrate. A comparative analysis of the technological parameters of the 1st converting period
of copper-lead mattes calculated by the proposed method with the practical data of a specific
metallurgical unit allows assessing the degree of approximation of the processes occurring in the
unit until the thermodynamic equilibrium.
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Introduction

production of Kazzinc LLP, due to the lack of an
alternative method for processing copper-lead mattes.

The deterioration in the quality of primary sulfide

raw materials due to the increased content of impurities
in them led to the complication of the composition of
the products obtained during matte smelting. This
problem acquires particular relevance for the conditions
of converting copper-lead mattes produced by Kazzinc
LLP, which are characterized by an increased content of
metal impurities: up to 25% lead, up to 4% arsenic and
up to 1.0% antimony. When converting such mattes,
poor quality blister copper (96-98% Cu) is obtained.
Recycled converter slags contain up to 35% lead, ~3%
copper and up to 1.5% of arsenic and antimony. Despite
the low technological performance of the process,
converting remains the main process of blister copper
production in the technological scheme of the lead

The results of extensive studies of foreign
experience in the processing of copper concentrates in
converters [[1], [2], [3]] showed wide opportunities for
using the converter as a smelting unit, especially in the
first period of converting copper matte. However,
despite the achieved positive results, the introduction of
the developed methods into production has a
restriction due to the lack of effective devices for loading
a fine concentrate into the converter. Known
installations for loading the concentrate into the
converter require specific preparation (drying, grinding,
using a complex loading installation) and do not provide
a minimum dust removal when loading fine material

[[4], 5], [6], [7], [8], [S]].
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Many foreign researchers express an opinion about
the effectiveness of using a converter exclusively as a
melting unit for direct smelting of sulfide copper
concentrates with copper extraction in one stage. On
this principle, the processes of continuous converting
and obtaining blister copper in one stage using
autogenous processes are built. However, as the
analysis shows, this approach is not entirely effective,
due to the large yield of copper-rich slags, which require
additional processing to extract valuable metals from
them. In addition, the obtained converter slags are
characterized by an increased content of lead, arsenic
and antimony, the presence of which significantly
reduces the quality of the products obtained and the
extraction of copper into blister copper.

In the well-known works devoted to the direct
smelting of concentrates in converters, the issues of the
simultaneous use of high-sulfur components of the
concentrate (pyrite, chalcopyrite, etc.) as a sulfiding
agent to improve the quality of converter slag and
blister copper are practically not considered. The
solution of this issue will improve the efficiency of direct
smelting of concentrates in converters, and improve the
technological performance of the converting process as
awhole.

The results of systematic studies of the theoretical
features of the interaction of non-stoichiometric higher
sulfides with the components of the slag melt,
conducted by the Scientific Center named after I.A.
Onaev [[10], [11]] showed that excess sulfur formed as
a result of dissociation of higher sulfides is completely
spent on magnetite reduction and slag sulfiding.
Perhaps, these are single studies, where the possibility
of simultaneous use of high-sulphur copper concentrate
as a sulfidizing agent to improve the quality of
converting products has been proved. It has been
established that when the concentrate is blown into the
converter slag bath at the initial moment, its chemical
composition practically does not change. Higher sulfides
(pyrite, chalcopyrite) are mixed in the slag bath, without
dissociation to their stable sulfides. With further
bubbling of the melt, excess sulfur released as a result of
the dissociation of higher sulfides is completely
absorbed by the slag melt and provides deep reduction
of magnetite and sulfidation of oxides of non-ferrous
and associated (Pb, As, Zn, Sb) metals, with their deep
sublimation into dust in the form of their non-toxic
sulfides [[12], [13]].

Based on the results of theoretical and
experimental studies, a method was developed for
depleting converter slag with high-sulfur copper

concentrate, which formed the core of the technology
for direct smelting of high-sulphur copper concentrates
in converters together with copper matte. The
developed technology has been introduced at the
Balkhash, Zhezkazgan and Irtysh copper smelters. The
obtained positive results of the industrial operation of
the technology provide great opportunities for its use in
the conditions of converting copper-lead mattes at
Kazzinc LLP.

The purpose of this work is to predict the
technological modes of the converting process based on
the calculation of material and heat balances for
converting copper-lead mattes with high-sulfur copper
concentrate.

Research methods

The main methodological principle of the
developed technology of direct smelting of
concentrates in converters is a thermodynamic
approach to describing the bubbling process of
converting mattes. This way provides a reliable
determination of the qualitative and quantitative
characteristics of the formed complex condensed
(liquid) and vapor-gas phases for given input
converting parameters: compositions and quantities
of initial materials, temperature conditions, redox
potentials, etc.

The thermodynamic approach is based on the
idea of achieving thermodynamic equilibrium (or a
state close to it) between the smelting products
(matte-slag), which makes it possible to use the laws
of chemical thermodynamics to establish the
behavior of non-ferrous and related impurity metals
during the converting of copper-lead mattes
together with a concentrate.

As the basic core of research, the results of
works on the study of the forms of presence of
metals in converting products [10], data on the
behavior of compounds of non-ferrous and related
metals under the conditions of converting copper-
lead mattes with high-sulfur copper concentrate
[13] were used.

The structuring of the obtained results with a
large array of industrial data (65 points of product
compositions) was carried out based on a
multivariate rectilinear analysis of statistical
dependencies, which provided the way to establish
the optimal technological parameters and modes of
the converting process. To solve such problems in
metallurgical practice, mathematical models [[13],
[14], [15], [16], [17], [18], [19], [20]] are widely used,
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which describe with sufficient accuracy the
calculation of the equilibrium yield of smelting
products and the composition of chemically reacting
systems. This approach leads to carry out a complex
procedure for describing the converting of copper-
lead mattes using a well-developed technique for
constructing algorithms and programs designed to
obtain reliable data.

The paper uses an iterative algorithm for
modeling the converting process, which describes
the existing process of converting copper-lead
mattes with a sufficiently high accuracy and allows
predicting the optimal parameters and thermal
conditions for converting copper-lead matte
together with high-sulfur copper concentrate.

To supply a finely dispersed concentrate, an
ejection device can be used, which is connected to
the loading pipe without any special costs and
technical complications. The scheme of concentrate
supply to the converter is shown in Figure 1.
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Figure 1 - Scheme of supplying fine materials
to the converter
1 - bunker; 2 - conveyor; 3 - loading pipe; 4 - converter;
5 - air duct; 6 - axis of the air flow inlet pipe,
o - nozzle inlet angle, 22-309.

The device and method of operation of the
ejection device for supplying finely dispersed
materials to the converter are described in detail in
[21].

Results and discussion

Autogenous smelting of sulfide raw materials of
non-ferrous metals is characterized by a complex
mechanism for the formation of the final products of
the process. The prediction of the technological
modes of operation of furnaces, including
converters, is carried out on the basis of the
calculation of the material and heat balances of the

smelting. When determining the thermal effect from
the interaction of the initial charge and oxidizing
blast at a given amount of oxygen, the following
main processes are taken into account:

1. Dissociation of higher sulfides:

FeS, = FeS + 1/2S, (1)
2CuFeS; = Cu,S+ 2FeS + 1/2S,. (2)

2. Oxidation of elemental sulfur released by
reactions (1) and (2):

S, +20; = 2S0,. (3)
3. Oxidation of iron sulfide:
2FeS + 30, + Si0, = 2Fe0-Si0, + 250,.  (4)

The amount of iron sulfide oxidized by reaction
(4) is calculated from the oxygen balance. In this
case, it is assumed that elemental sulfur is the first
to interact with oxygen and the degree of reaction
(3) is equal to unity.

The heat released during the course of reactions
(3) and (4) forms the main income items of the heat
balance of smelting.

Let us consider the traditional problem of
simplified calculation of heat release during
autogenous smelting of sulfide raw materials under
conditions of equilibrium between matte, slag and
gas phase. In this case, it is necessary to take into
account not only SO,, but also S, in the composition
of the gas phase, due to the equilibrium of the
reaction:

2(Fe0) +3/25; = 2[FeS] + SO,. (5)

The achievement of equilibrium in this case is
explained by the fact that the oxidation of sulfur to
SO, proceeds until an equilibrium ratio between
them is established in accordance with reaction (5).
In this case, the ratio between the values of the
partial pressures Pso2 and Ps; is determined by the
activities of FeS and FeO, which depend on the
composition of the matte and slag.

If we accept that the partial pressure of sulfur in
the gas phase is determined by equilibrium (5), then
it can be found from the expression:

Psa = K - P4y (22eS)4s3, (6)

aFe0

—— 84 ——
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2225 [14],

K=exp (
where: K — reaction equilibrium constant (5);
ares, areo — activity [FeS], (FeO);
Ps2, Pso2 — partial pressures of S; and SO, in the
gas phase.

The calculation method is narrowed to
determining the values of ares, generating the
material and heat balances of the process.
Accounting for the presence of elemental sulfur in
the gas phase leads to the need to reconsider the
material and heat balances. Therefore, the
calculations are carried out taking into account the
introduction of the iteration for the partial pressure
of sulfur.

For industrial iron silicate slags, the value of afeo
is in a rather narrow range (from 0.35 to 0.45),
therefore, in calculations, its value is usually taken
equal to are0=0.4, which corresponds to real
industrial slags. When carrying out specific
calculations for multicomponent slags, experimental
data [22] can be used. Taking into account the
assumption of the constancy of areo, according to the
data of [23], it is possible to determine the value of
ares depending on the copper content in the matte,
similarly to how it was done in [[24], [25], [26]]. After
that, using expression (6), the equilibrium partial
pressure of elemental sulfur in the gas phase is
determined.

As initial data for the calculation, the following
are usually chosen: the composition of the
concentrate and quartz flux, the copper content in
the matte, the Fe/SiO2 ratio in the slag, the degree
of enrichment of the blast with oxygen, and the
operating temperature of the process.

The underburning of sulfur in the gas phase and
the corresponding adjustment of the oxygen
consumption for smelting, due to their influence on
the heat balance, are important for the correct
choice of the technological regime of the
autogenous process. These circumstances should
strongly affect the melting of high-sulfur copper
concentrate with copper-lead matte, which has an
interest from the point of view of extracting copper
and associated metals into targeted products. Note
that the proposed calculation method is applicable
for autogenous smelting of sulfide raw materials and
the process of converting pure copper mattes
together with high-sulfur copper concentrate.

Mentioned traditional method for calculating
autogenous melts does not take into account the
interaction between the components of the
products formed during the smelting process -
matte, slag and the gas phase, which can change the
amount of heat release and the structure of the heat
balance. This condition has direct relevance when
performing calculations for the conditions of
converting complex composition copper-lead
mattes with high-sulfur copper concentrate. In this
case, calculations have to consider that due to the
existence of equilibrium according to reaction (5),
part of the elemental sulfur formed as a result of the
dissociation of higher sulfides does not burn out, but
it is almost completely absorbed by the melt and is
spent on slag sulfiding. Along with this, in the
calculations it is also necessary to take into account
the contribution to the heat balance of the 1st
converting period, heat release from the oxidation
reactions of PbS and ZnS, which are present in a
significant amount in the matte. Thus, the
complication of the mechanism of phase formation
makes it necessary to consider, along with the main
processes 1-3 considered above, the occurrence of
additional processes 4, 5 in the slag melt:

4. Sulfidation of oxides of non-ferrous metals,
iron and associated metal impurities with elemental
sulfur released by reactions (1) and (2):

2MeO + 3/2S, = 2MeS + SO,, (7)
(Me - Cu, Pb, Zn, As, Sb, Fe).

5. Interactions between oxides and sulfides of
non-ferrous metals and iron according to exchange
reactions:

Me!O + Me?S = Me!S + Me?0. (8)

The interaction of sulfur with magnetite cannot
be neglected either:

2Fe304 + 1/2S; = 6Fe0 + SO, 9)

as a result of which the equilibrium content of
magnetite in the slag is established.

The reliability of the assumptions was verified by
a comparative analysis of the results of temperature
fluctuations and the composition of the converting
products (matte, slag), obtained by calculation and
direct measurements of the technological
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parameters of converting copper-lead mattes in the
industrial scale.

For technological calculations, an iterative
algorithm for modeling the process of converting
copper-lead mattes was used, which allows
predicting the optimal parameters and thermal
conditions of the converting process with a
sufficiently high accuracy.

Temperature measurements of converter slags
during their discharge and melts during each loading
of a new portion of matte in the plant were carried
out using an HD 1150A optical pyrometer. The
results of measurements of the temperature and
compositions of the converting products, obtained
by calculation and direct measurements in the
factory, showed their good consistency.

The developed modeling algorithm was used to
estimate the heat balance of converting copper-lead
mattes  together  with  high-sulfur  copper
concentrate.

The reliability of the model was checked based
on a comparative analysis of the predicted
temperature and compositions of slag and matte
with those measured in an industrial scale.
Temperature variations observed in the conditions
of converting copper-lead mattes for four charges of
the converter with matte, obtained in the plant, and
during the joint smelting of high-sulfur copper
concentrate with copper-lead matte, are shown in
Fig.2.

It can be seen that with the existing technology
for converting copper-lead mattes, strong
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temperature fluctuations are observed - from 1027
°C to 1300 °C (Fig. 2(A)). This indicates that the
converter is operated in the intense thermal load
mode. Fluctuations in the temperature regime
reduce the stability of the converter, and, as a result,
lead to a reduction in its service life.

During the joint processing of the concentrate
with the matte, the temperature variation is
insignificant, which is between 1120 °C and 1270 °C
(Fig. 2(B)). Process temperature equalization
ensures converter stability, performance and
extended converter life.

Despite the small number of measured
temperatures, it can be seen that the model
prediction is justified for the composition of the slag.
The predicted temperatures of matte and slag,
according to existing technology, are usually subject
to significant fluctuations, which is in good
agreement with the measured temperatures.
Comparative analysis of the predicted composition
of the slag and the content of silica in it (Table 1),
taking into account the uncertainty in the weight of
added materials at the plant allows to conclude that
the developed model predicts the iron content well
in the slag. However, the tendency to underestimate
the silica content and overestimate the iron content
suggests that more material flows are being added
to the converter than expected during operation.

Table 1 shows the comparative results of the
measured and predicted technological indicators for
the content of iron and silica in white matte and
converter slags selected during the research.
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Figure 2 - Dynamics of changes in the temperature regime of the 1st period
of copper-lead matte converting:

A) - according to the existing technology;
B) - with the addition of high-sulfur copper concentrate.
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Table 1 - Comparative analysis of the compositions of the products of converting of copper-lead mattes of the 1st period

Products Chemical composition, wt. %
Cu Pb Zn Fe As Sb S SiO2
Copper lead matte 35.5 26.0 14 15.1 2.8 0.7 15.0
Quartz flux - - - - - - 85.0
Copper concentrate 24.5 2.5 3.4 28.6 0.1 0.2 35 3.6
White matte 56.4 20.9 0.2 3.5 3.6 1.0 13.5 i
70.6 4.0 0.2 2.9 0.6 0.6 18.2
Converter slag 7.9 22.3 2.1 24.7 2.4 0.6 ) 22.3
1.2 0.7 0.2 47.8 0.3 0.2 26.8
Converter dust 1.1 55.7 0.8 2.6 5.2 0.8 5.9 11
0.8 58.9 8.7 0.4 5.3 1.3 10.0 0.3
The numerator is existing technology; The denominator is new technology.
Table 2 - Dynamics of changes in the content of SO; in waste gases
) Existing technology New technology
Ne Discharge #
(Cu), % SOz, % (Cu), % SO2, %
1 Discharge #1 4.07 5.07 1.09 8.35
2 Discharge #2 3.91 6.5 0.58 9.02
3 Discharge #3 4.34 6.08 1.47 11.26
4 Discharge #4 11.94 7.5 0.39 12.95

Table 3 - Material balance of the 1st converting period of copper-lead matte according to the existing technology

Name P;z:':ﬁzs Cu Pb Zn Fe As sb s Si0.

% t % |t | % |t |%|t|% |t |%|t|%|t]|%|t|%]|t

Matte 57.4 | 100 [35.5/355| 26 | 26 |1.4|1.42(15.2|152(2.8|2.8|0.7|0.7|15.1|15.1

Blowing 36.0 | 62.7

Quartz flux 6.58 | 11.5 85 |9.7

Total: 100 | 174.2 35.5 26.0 1.42 15.2 2.8 0.7 15.1 9.7

White matte 29.8 | 51.8 |66.5|34.5| 4.5 [2.34|0.1|0.07|6.02| 3.1 |3.8/1.9|0.3|0.1|146| 7.6

Converterslag | 257 | 44.7 |2.23| 1.0 {32.0|14.3|0.9|0.40|26.6|11.9(0.7| 0.4 | 0.6 | 0.3 20.7|9.3

Dust 8.23 | 14.3 [0.12|0.02|65.1| 9.3 | 6.6 0.94(0.92| 0.1 |3.7|0.5|2.2|0.3|5.26| 0.7 |3.40| 0.4

Exhaust gases | 36.3 | 63.2 10.7| 6.8

Total: 100 | 174.2 35.5 26.0 1.42 15.1 2.8 0.7 15.1 9.7

It can be seen that after sulfiding converter slag
with high-sulphur copper concentrate, its quality is
significantly improved compared to converter slag
obtained by the existing technology. The content of
copper in the slag is reduced by more than 6 times.
The lead content is significantly reduced: from 22%
to 0.72%, which indicates the almost complete
sublimation of lead into dust. The content of zinc
and arsenic is reduced by 10 times, antimony - by 3
times. Deep sublimation of impurities into dust

removes them from the general technological chain,
which as a result will significantly improve the
quality of the resulting targeted products.

The results of calculations of the gas phase,
obtained by the model, showed that under the
conditions of converting the concentrate with the
matte, the stabilization of the temperature regime
in the converter allows increasing the SO, content in
gases by more than 1.5 times (Table 2), and maintain
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Table 4 - Material balance of the 1st converting period of copper-lead mattes together with high-sulphur copper
concentrate

Products
Cu Pb Zn Fe As Sb S SiO2
Name output
% t % t % t % | t % t | % |t | % |t % t % |t
Matte 56.9| 100.0 |35.5|35.5(26.0|26.0{1.4|1.42{15.2|15.2|2.8|2.8|0.7|0.7|15.1|15.1
Blowing 31.3| 54.9
Quartz flux 557 | 9.8 85 [8.3
Cu concentrate | 20| 10.9 |23.6| 26 | 2.5 | 0.3 |3.4|0.37|28.6| 3.1 | 0.1|0.01]|0.20.02[31.9| 3.5 | 3.6 | 0.4
Total: 100 | 175.6 38.1 26.3 1.79 18.3 2.8 0.7 18.6 8.7
White matte 36.3| 63.8 |59.5/37.9(14.2| 9.1 | 0.1|0.08|5.47| 3.5 |52|19|0.4|0.1|13.6| 8.8
Converterslag |18.9| 33.2 | 0.2 |0.07|18.6| 6.2 38.1(12.7]0.2 1.3(0.3 24.1| 8.0
Dust 11.0| 194 | 0.1 |0.02(57.0(11.0|8.8|1.71(10.9| 2.1 |80|09(3.1(03|4.80| 09 | 3.5 |0.7
Exhaust gases | 33.7| 59.2 15.1| 8.9
Total: 100 | 175.6 38.1 26.3 1.79 18.3 2.8 0.7 18.6 8.7
White matte Slag Gases Others
20.0% 30.0% 44.4% 5.6%
Total heat per 100 tons of matte: 239551.45 kJ
Matte Oxidation reactions Others
31.5% Fes Pbs Zns 4,5%
49.2% 12.4% 1.6%
A)
Sulfid
White matte Slag Gases deco:'Jn Ic:::;tinn Others
20.8% 20.6% 41.7% P 11.2%
5.7%
Total heat per 100 tons of charge (matte + concentrate): 259221.56 kJ
Oxidation reactions
Matte Sulfidation Others
16.2% Fes Pbs Zns 2.5% 3.3%
59.3% 14.9% 3.8%

B)
Figure 3 - The structure of the heat balance of converting copper-lead mattes:
A) - according to the existing technology;
B) - with the addition of high-sulfur copper concentrate

the optimal level throughout 1st converting period.
This ensures the stability of the sulfuric acid plant.
Tables 3 and 4 show the material balances of the
1st converting period of copper-lead mattes
according to the existing technology and in their
joint processing with high-sulfur concentrate,
calculated according to practical plant data: ratio

(Fe)/(Si0y)=1.3, the degree of enrichment of the
blast with oxygen is 23%, the operating temperature
is 1523 K. 2Zyryanovsky high-sulfur copper
concentrate was used as a sulfiding agent.

Figure 3 shows the structures of the heat
balances of the 1st period of converting copper-lead
matte according to the existing technology and the
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joint smelting of matte with high-sulfur copper
concentrate, calculated on the basis of the
corresponding material balances (Tables 3, 4).

It is easy to see that the total heat per 100 kg of
charge (matte + concentrate), equal to 259221.56 kJ,
only slightly exceeds the value of the total heat of
converting copper-lead mattes using the existing
technology, which is 239551.45 kJ. At the same time,
a significant change in the structure of the heat
balance of converting during the joint smelting of
the concentrate together with the matte looks very
attractive (Fig. 3 (B)). The change in the ratio of the
articles of heat input can be interpreted by the
complete assimilation of elemental sulfur by the
melt and sulfidation of the slag. A significant
contribution to the change in the structure of the
total heat balance during the joint converting of the
concentrate with matte is made by an additional
amount of iron sulfide introduced with the
concentrate, the oxidation of which "closes" the
heat balance of converting.

Thus, the calculation method proposed in this
paper, which takes into account the presence and
behavior of elemental sulfur and the additional
amount of iron sulfide introduced with high-sulfur
copper concentrate, can be used to refine the
material and heat balances of converting during the
joint processing of high-sulfur copper-containing
concentrates and products with copper-lead mattes.

Conclusions

1. When calculating the conversion of copper-
lead mattes together with a high-sulfur concentrate,
it is necessary to take into account the presence of
elemental sulfur, which is almost completely
consumed for the sulfiding of slag metal oxides.

2. On the example of direct processing of
concentrate in converters, a comparative analysis of
the heat balances of two oxidizing melts was carried

out: converting copper-lead matte according to the
existing technology, and joint melting of
Zyryanovsky high-sulfur copper concentrate with
copper-lead matte. It is shown that in the second
case there is a strong change in the structure of the
heat balance towards improvement due to the
process of sulfiding of the slag and oxidation of an
additional amount of FeS introduced with the
concentrate.

3. Comparative analysis of the technological
parameters of the 1st converting period of copper-
lead mattes calculated by the proposed method with
the practical data of a particular metallurgical unit
allows to assess the degree of approximation of the
processes occurring in the unit until the
thermodynamic equilibrium.

4. For a more accurate prediction of the heat
balance of converting copper-lead mattes together
with high-sulfur copper concentrate, it is necessary
to know the activity values of magnetite, sulfides
and oxides of non-ferrous metals in complex
multicomponent sulfide melts.
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TYWIHAEME

KymbIcTa BypbIH KacanfaH KOFapbl KYKIPTTi MbIC KOHLEHTPATTapblH MbIC-KOPFaCbIH LUTENHIMEH
bipnecin Tikene eHaey MyMKiIHAIr Typanbl KOPbITbIHAbINAP HEri3iHAE KOHBEPTEPAEYAiH blay
pexumiHe Tangay XKyprisingi. AstoreHai 6ankbimanapapl ecentey ylWiH KongaHblAaTbiH A3CTYpAI
ecenTey aicTepi TONbIFbIMEH AYPbIC €MeC »aHe apTblK KYKiPTTiH, NPOLECTiH TemnepaTypanbiK,
pexXumiHe acepiH eckepyai KaxkeT eTeai. MbiC-KOpFacbiH WTENHAEPiIH KOHBEpPTepAey NpoueciHae
TemnepaTtypaHblH, ©3repyiHiH, KeH AnanasoHbl 6ap ekeHairi aHblkTanabl — 1027 °C-taH 1300 °C-Ka
AeiiH. KoHueHTpaTTbl wreliHMeH 6Gipre KoHBepTepniey KesiHAe NPOLECTiH, TemnepaTtypanbik,
pexXumi TypaKTaHAbIpbliaabl, Oy KYKIPT KbIWKbIAbIH 6HAipyre KaxKeTTi rasgapgafrbl SO2
KOHLLEHTPALMACBIHbIH, OHTalNbl AeHreliH KamTamacbi3 eTedi. KonpaHbicTasbl TeXHONOTUA
6GOVMbIHIWA KOHE KOHLEHTPATTbl KOCbIN  MbIC-KOPFacblH  WITEWHAEPIH KOHBepTepaeyaiH,
maTtepuangblk HanaHcblH ecenTtey HerisiHae KOHBepTepney NPOLECIHIH, Kblny ©GanaHCbiHbIH,
KypblabiMbl 6enrineHai. Mblny 6anaHCbIHbIH, KypblIbIMbIHBIH, €43Yyip e3repici KepceTinreH, 6yn
MarHeTUTTiH, apTbIK, KYKIPTNeH blAblPaybIMEH KaHE KOHLLEHTPATNEH eHri3ifreH Temip cynbouaiHi,
KOCbIMLLA  Me/WepiHiH, TOTbIFYbIMEH KbINYAblH, YOfapblnayblMeH TyciHAipineai. HakTbl
MEeTaNNYPruAbIK — arperaTrblH, MNPaKTUKaNblK ~ AepeKTepiMeH  MbIC-KOPFacbiH  WTelHAepiH
KoHBepTep/eyAiH 1-wi Ke3eHiH yCbiHbINFaH daicTeme 6oMbIHWA ecenTenreH TEXHONOTUANbIK
napameTpaepiH canbiCTbipmManbl Tangaybl OHAAFbl MPOLECTEPAH TepMOAUHAMUKabIK Tene-
TEHAIKKE KaKblHAAY AdpereciH baFanayfa MyMKiHAIK Gepesi.

Tyiiin ce30ep: MbIC-KOPFaCbIH LUTENMHI, KOFapbl KYKIPTTi MbIC KOHLEHTPaTbl, KOHBepTephey,

mMaTepuangplik 6anaHc, Kolay peXUMI, KyKipT, cynbduarey.
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AHHOTAUMA

B pabore Ha OCHOBaHWM paHee CAENaHHbIX BbIBOLOB O BO3MOXHOCTM MPAMOW NepepaboTku
BbICOKOCEPHUCTbIX MEAHbIX KOHLEHTPATOB COBMECTHO C MEZHO-CBMHLIOBbIM LUTEMHOM NpPOBeAeH
aHanM3 TenI0BOro pPeXKMma KOHBEPTUPOBAHMA. MOKa3aHo, YTO TPAAMLMOHHbIE METOAbI pacyeTa,
npUMeHaeMble 418 pacyeTa aBTOreHHbIX NNAaBOK HE COBCEM KOPPEKTHbI, ¥ TPEBYIOT yyeTa BAUAHUA
M36bITOYHOW Cepbl Ha TEMNEepaTypHblii pexuMm npouecca. YCTaHOBAEHO, 4YTO B npouecce
KOHBEPTUPOBAHWA MEAHO-CBMHLLOBbIX LUTEMHOB Habt0AAETCA LIMPOKUIA AMaNa3oH BapbUpOBaHUA
Temnepatypbl — o1 1027 °C go 1300 °C. Mpu COBMECTHOM KOHBEPTUPOBAaHMM KOHLIEHTpaTa Co
WTEMHOM TemnepaTypHbIi pexrMm npouecca ctabuamsnpyetcs, 4To obecneynsaet onTUManbHbI
ypoBeHb KOHLeHTpauumn SOz B rasax, HeobxoAMMbIM Ana NPOM3BOACTBA CEPHOW KUcnoTbl. Ha
OCHOBaHUW pacyeTa MaTepuasbHOro 6anaHca KOHBEPTUPOBAHWUA MELHO-CBMHLOBbIX LUTEMHOB NO
CYLLLECTBYIOLLLEW TEXHONOMUM U C f06aBNEHNEM KOHLEHTPATA YCTaHOB/IEHA CTPYKTYpa TENIOBOrO
6anaHca npouecca KOHBepTMPOBaHWA. MOKasaHO CUAbHOE M3MeHeHMe CTPYKTYpbl TenioBoro
6anaHca, KoToOpbli OBGDBACHAETCA BOCCTAHOBNEHUMEM MarHeTuTa W36bITOYHOW cepolt U
yBENMYEHMEM Tenaa 3a CYET OKUCNEHWUA [OMOSHUTENBHOMO KO/AuuyecTBa cynbduaa Kenesa,
BBOAMMOTO C KOHUEHTpaToM. CpaBHUTENbHbIA aHa/iuM3 pacCYMTaHHbIX MO Npeafiaraemom
MEeTOAMKe TEXHONOrMYECKMX MapaMeTpoB 1-ro nmepuMoga KOHBEPTUPOBAHMA MeAHO-CBUHLOBbIX
WTEMHOB C MPaKTUYECKMMM AAaHHBbIMU KOHKPETHOro MeTasi/lyprayeckoro arperata nossonset
OLEHUTb CTeneHb MPUBAMMKEHMA MPOTEKAOWMX B HEM MPOLECCOB K TEPMOAMHAMUYECKOMY
paBHOBECHIO.

Knioyeeblie c€n108a: MeAHO-CBMHLOBbIM LITEWH, BbICOKOCEPHWUCTbIA MEAHbBIN  KOHLEHTpPaT,
KOHBEPTMPOBaHWE, MaTepuasbHbli 6anaHc, TENI0BOW PEXMUM, cepa, CyibouampoBaHue.
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