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Abstract: Involving industrial waste into economic circulation, in particular flotation waste from coal
enrichment, is an urgent task. The coal preparation waste of ArcelorMittal Temirtau JSC was studied with a
view to the possibility of using it as an alternative substitute for coke breeze in the sintering process. During a
thermoanalytical study on a synchronous thermal analyzer STA 449 NETZSCH in dynamic mode with a
heating rate of 10, 20, 30 °C/min in an air flow of 30 cm3/min in the temperature range 30-1000 °C, we
determined the lower heat of combustion of carbon-containing material, change mass during calcination,
change and rate of change in the mass of the sample, thermal effect of the process, the temperature of the
beginning, end and maximum development of thermal effects. It has been established that the greatest mass
loss is observed in the temperature range 580 °C - 610 °C, which is about 65-67% of the total mass of the organic
component of coal. The maximum burnout rate corresponds to a temperature of 540-563 °C. The lowest
calorific value of the studied waste was 15.9 MJ/kg. The results of thermal analytical research and technical
analysis substantiate the possibility of using flotation waste in a mixture of up to 10% with coke breeze for
combustion in the sintering layer for the production of sinter. Analysis of the composition of flotation waste
showed that they have a high specific surface area (56.8-103m2/kg), are highly dispersible, soggy, and capable
of swelling, and the predominant amount of clay substance makes them a plastic material. The possibilities of
using coal flotation waste as an alternative substitute for coke breeze have been studied after the regimes of its
preparation for sintering have been developed and a rational regime of layer-by-layer combustion in the
sintering layer has been established. The optimal ratio of coke and OPC in the fuel mixture of the sintering
charge was determined.

Keywords: flotation waste; dewatering; agglomeration; recycling; agglomeration

1. Introduction

The problems of involving production waste as secondary raw materials into economic
circulation in order to replace natural raw materials are relevant and require an urgent solution [1].
Utilization of carbon-containing sludge will improve the environmental situation and reduce the
consumption of natural energy resources by processing waste into cheap fuel and for the
metallurgical industry.

The whole difficulty in the disposal of liquid waste from metallurgical production, which
includes flotation waste, during wet processes of coal enrichment lies in the fineness and high
humidity, which requires the use of expensive and complex pre-dehydration systems and
preparation technologies.

Flotation waste, due to the lack of simple and cost-effective technologies for preparing it for
disposal, as well as due to the instability of its chemical and granulometric composition, remains
unclaimed and is stored in tailings ponds. To date, a total of more than 45 million tons of flotation
waste have been accumulated in tailings ponds No. 2 and No. 3 of ArcelorMittal Temirtau JSC (now
Qarmet JSC).

On the other hand, the intensification of the production of ferrous metals requires an increase in
the production of sinter and pellets necessary for the production of cast iron and steel [2—4]. The
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sintering fuel, which traditionally is coke breeze, also contributes to the reduction in the quality of
the sinter.

The problem of coke breeze deficiency is becoming increasingly urgent and there is a need to
search for new types of sinter fuel. Experiments with the introduction of alternative types of solid
fuels into the mixture revealed both their advantages and disadvantages [2].

An alternative option for partial replacement of coke breeze can be coal flotation waste (CFW).
However, their physicochemical properties and technological features of its use in the agglomeration
of iron ore materials have not been studied. It is necessary to develop optimal compositions of sinter
fuel mixtures and technological regulations for the production of sinter using OFU.

Technogenic reserves of sludge are, on the one hand, valuable carbon-containing raw materials
for generating thermal and electrical energy, and on the other hand, they are a source of
environmental pollution. Sludge dumps occupy large areas around enterprises, take land out of
economic use, and pollute the environment.

Utilization of flotation waste in metallurgical production as fuel, carbon and slag-forming
materials can provide significant savings in cast iron and lime, improve the quality of the steel
produced, and reduce the consumption of basic and auxiliary materials in the plant.

2. Literature Review

Numerous studies show that coal processing waste can be effectively used in various industries:
energy, ferrous and non-ferrous metallurgy, construction industry, etc. [5-14].

In world practice, the main promising consumers of flotation waste have already been identified,
and recommendations have been drawn up for the use of waste in various fields of industry.
Alternative methods for recycling dewatered flotation waste are known, including use as: a backfill
component for filling empty mine workings [8]; raw materials for the production of building
materials [9-11]; raw materials for the production of germanium, rare, trace and other potentially
valuable elements [11]; raw materials for the production of sorbents [12].

A technology has been developed for the dehydration of high-moisture OPC and a method of
agglomeration to produce coal-mineral briquettes, which can be used as a deoxidizing and refining
flux [13,14].

Promising areas include the use of coal flotation waste as fuel for metallurgical units. The
thermal energy reserve of the OFU is sufficient to ensure the operation of a power plant with a
capacity of 20 MW. Such waste can be burned in combustion devices operating in a layer mode [3—
5].

An analysis of literature sources showed the absence of any experience in the use of flotation
waste at ferrous metallurgy enterprises. Disposal of dewatered flotation tailings can be carried out in
a manner similar to existing carbonaceous materials utilization methods.

Currently, there is scientific and technical information on the use of lean coals in metallurgical
production, which are similar in their characteristics to flotation waste. For example, JSC
ArcelorMittal Temirtau has developed an optimal pelletizing method using a mixture of coke and
lean coal as fuel. In order to reduce the cost of sinter and improve its quality, for every percent
increase in lean coal, the ratio of the height of the lower layer to the height of the upper layer increases
by 0.07-0.10. The results of studies on the use of lean coals during the agglomeration of Lisakovsky
roasting magnetic concentrate (LOMC) showed that the replacement of coke breeze with lean coal in
the range from 0 to 100% has virtually no effect on the performance of the sintering process and the
quality of the resulting sinter [7,8]. As a result, significant savings were obtained from reducing fuel
costs.

The most widely used coal is anthracite coal, which differs from other natural fuels in its low
content of volatile components (on average about 5%) and high carbon content. Anthracite chips do
not require additional heat treatment, and their cost is lower than the cost of coke breeze [4].

However, the replacement of coke breeze from coal flotation waste is not equivalent. Under the
conditions of the layer process, the calorific value of the OPC does not make a significant contribution
to the input part of the heat balance of the agglomeration process due to its lower flammability.
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The goal of the work is to find the optimal ratio of coke and BCP in the fuel mixture of the
sintering charge.

2. Research Methodology

Semi-quantitative analysis was carried out on an ARL QUANT'X energy-dispersive X-ray
spectrometer; the main mineralizing components of flotation waste were determined.

The thermoanalytical study was carried out on a synchronous thermal analyzer STA 449
NETZSCH in dynamic mode with a heating rate of 10 °C/min in an air flow of 30 cm3/min in the
temperature range 30-1000 °C. We determined: the lower heat of combustion of the carbon-
containing material, the change in mass during ignition (IMPP), the change and rate of change in the
mass of the sample (TG and DTG curves), the thermal effect of the process (DSC curve), the
temperatures of the beginning, end and maximum development of thermal effects. Determination of
the particle size distribution of coal slurry by sieve analysis was carried out in accordance with GOST
27562-87 “Iron ores, concentrates, agglomerates and pellets. Determination of particle size
distribution by sieve analysis.”

Work on partial replacement of coke with flotation waste during agglomeration was carried out
both in laboratory and in pilot industrial conditions.

Experimental sintering was carried out on a laboratory sintering installation with a bowl
diameter of 250 mm (Figure 1). In a laboratory sintering plant, the charge from sintering plant No. 2
with different contents of coal flotation waste in the fuel mixture was subjected to agglomeration.
Materials for sintering (LGMC and SSGPO concentrate, combined flux, coke breeze) were taken from
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Figure 1. Sintering plant: 1 - sinter bowl; 2 - cap; 3 - diagram for measuring air flow; 4 - device for
recording air flow; 5 - cyclone; 6 - vacuum pump; 7 - electric motor; 8, 9 - thermocouples (PPR; HA);
10 - air flow adjustment gate; 11 - vacuum pressure gauge; 12 - recorder (KPS); 13 — millivoltmeter.

The ore mixture was made up of sinter screenings and mine ore of fractions 5-10 mm and 0-5
mm in a ratio of 80:10:10. The charges were sintered in a layer 400 mm high at a vacuum under a
grate of 1100 mm water column. Charges with a constant ratio in the iron ore part of the LGMK
charge, ore mixture and SSGPO concentrate - 70:20:10, respectively, were subjected to agglomeration.
The combined flux was taken from the condition for obtaining an agglomerate with a basicity
(Ca0/SiO) of 1.23 units. and magnesium oxide - 2.35%. The chemical composition of the charge
materials is given in Table 1. The charge was sintered in a layer 400 mm high at a vacuum under a
grate of 1100 mm. water Art.
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Table 1. Chemical composition of charge materials.

Chemical composition, %
Material
Fe CaO SiOn MgO | MnO S III1C
Concentrate LGMK 49.71 0.62 9.86 0.51 0.18 - 12.04
Concentrate SSGPO 66.09 1.23 417 1.21 0.43 0.153 -2.12
Ore mixture 43.53 16.16 11.87 2.34 0.68 0.630 4.59
Combined flux 1.01 46.20 2.02 6.25 - - 43.52

From the output parameters, we controlled the specific productivity of the installation, the
vertical sintering speed, the conditional cooling rate of the sinter, the yield, the mechanical strength
of the agglomerate to impact and abrasion according to GOST 15137-77, and the chemical
composition of the agglomerate.

Determination of the amount of nitrogen oxide and dioxide in emissions from a laboratory
sintering plant was carried out by the photocolorimetric method using the Griess-Ilosva reagent [17].
The essence of the method is as follows. The gas sampling tube is inserted into the gas outlet pipeline
and purged with the analyzed gas using a pump. Then the pump is disconnected and an evacuated
vessel with an absorption solution is connected. The gas was withdrawn by changing the position of
the valve on the vessel. Based on the measured optical density of the test solution and the calibration
dependence, the content of nitrite ion in the analyzed sample was found.

The determination of sulfur dioxide in exhaust gases was carried out using the formaldehyde-
parazaniline method [17]. When taking samples, the absorption device is connected to an electric
aspirator and the gas flow under study is aspirated. Then, using the photocolorimetric method, the
optical density of the solutions under study is measured and the content of sulfur dioxide in the
sample is determined using the corresponding calibration characteristic.

In all sintering options carried out, samples were also taken and analyzed for dust content in the
exhaust gases. The dust content was determined by the gravimetric method [17].

3. Research Results and Discussions

3.1. Physico-Chemical Properties of Coal Flotation Waste

Coal flotation wastes have high dispersion, soakability, swelling ability, etc. Flotation wastes
from coal enrichment mineralogically consist of an organic part (carbonaceous substances) and
mineral impurities (clay minerals, carbonates, sulfates, etc.). The main clay component is kaolinite.
Inorganic substances are represented mainly by the clayey-hydromica complex, the share of which is
55-65%. The content of combustible mass (carbon) in waste is 35-50%. Density varies in a wide range
from 1400 to 1800 kg/m?, bulk density by dry weight is 0.65-0.85 kg/m?. The sulfur content on a dry
weight basis is 0.66% (Tables 2, 3).

A technical analysis of the waste from the flotation department of ArcelorMittal Temirtau JSC
showed that the sulfur content in them is 0.50-0.66%, they have a high humidity of 11.77-20.0%, the
yield of volatile substances reaches 22.95-34, 3%, ash content 30.95-60.9% and therefore high organic
matter content.

Table 2. Analysis of flotation waste.

No Composition Content, %

Technical analysis, %:

Moisture, W 11.77
1 Ash content, A 30.95
Volatile on dry weight, V 22.95

Volatile to combustible mass, V 34.30
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Elemental composition, %:
Hydrogen on dry weight, H 3.45
2 Hydrogen for combustible mass, H 415
Total carbon, Crot. 54.75
Carbon is flammable, combustion. 32.55
Resin 2.77

Using a semi-quantitative method, the main mineralizing components of flotation waste were
determined, %: quartz 40.3-55.95; oxides of aluminum 12.3-21.5, calcium 1.3-3.9 and iron oxides 2.2—
3.9. Table 3 presents a semi-quantitative analysis of flotation waste.

Table 3. Chemical composition of flotation waste.

Material Coomy | CaO CaOaxr | SIO2 Fe20s | MgO | ALOs S P20s TIIIIT

Flotation

41,23 | 1,83 - 55,95 8,89 1,23 19,06 0,66 | 0,119 53,18
waste

Sieve analysis of the waste showed that the particles are unevenly distributed and their ash
content is heterogeneous, with the highest ash content observed in the -0.008 mm class.

Table 4. Average particle size distribution of flotation waste.

Sieve size, mm >1,6 1,0-1,6 | 0,63-1,0 0,4-0,63 0,315-0,4 | 0,2-0,315 <0,2
Yield of fractions, % | 1,91 15,56 23,55 24,28 9,94 11,28 13,48

The thermoanalytical study was carried out on a synchronous thermal analyzer STA 449
NETZSCH in dynamic mode with a heating rate 3 equal to 10, 20 and 30 °C/min in an air flow of 30
cm?/min in the temperature range 30-1000 °C. [16,17]. In Figure 2 the thermal effect curve (HEC) of
coal preparation waste is presented. Thermal effects that occur when heating a sample of coal slurry
- changes in weight and heat flow of the heating process were also carried out at the heating rate.
Since there is less moisture in coal slurry and virtually no volatile substances, the mass loss in the
first stage is 2.66%, at temperatures from 66 °C to 570 °C. At this temperature an endothermic reaction
occurs. It is clear from the graphs that there is a noticeable loss in sample weight starting only from
a temperature of = 580 °C at the second stage - from 580 °C to 610 °C, weight loss = 10%. An exothermic
reaction is observed. The third stage is from a temperature of 750 °C to 1000 °C, an endothermic
reaction is observed. Weight loss of sample = 20%. The lowest calorific value of the studied waste was
15.9 MJ/kg, which allows its use as fuel.
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Figure 2. TGA/DSC analysis of a sample of coal slurry fuel.

3.2. Laboratory Studies

With single-layer sintering, partial replacement of coke breeze with coal flotation tails leads to a
decrease in the vertical sintering rate, deterioration in the quality of the sinter and a general excess
fuel consumption. The introduction of 1% flotation waste reduces the vertical sintering speed by 0.1
mm/min, the specific productivity by 0.007 t/m3 h. With the introduction of up to 11% flotation waste,
the yield increases by 0.56% for every 1% waste, and then decreases with the same ratio.

Table 2 presents the test results: Option I - 100% coke breeze; II, III, IV options - partial
replacement of coke breeze with coal enrichment flotation tailings - 6.1; 11.5 and 23.1% respectively.

Analysis of fuel consumption shows that when up to 10% of waste is added to the fuel mixture,
it is constant (95 kg/t of agglomerate), then increases sharply with a ratio of 1.09 kg/t of agglomerate
per 1% of waste.

During two-layer sintering, agglomeration was carried out on charges with the same content in
the upper and lower layers in the iron ore part of the LGMK charge, ore mixture and SSGPO
concentrate - 70:20:10, respectively.

The combined flux was taken from the condition of obtaining an agglomerate with a basicity
(CaO/SiO) of -1.12 units. and magnesium oxide - 2.30%. Flotation waste was introduced as additional
fuel into the upper layer at the rate of 5, 10, 20% of the total coke consumption for sintering. The
return balance, which characterizes laboratory studies, was maintained by changing the height of the
top layer with a total height of the charge layer of 400 mm.

The results of two-layer tests are presented in Table 5: option I - 100% coke breeze; II, 111, IV
options - introducing 5,10 and 20% of flotation waste from the total coke consumption into the upper
layer.

Table 5. Laboratory results.

Name parameters For single-layer sintering For double-layer sintering
I I 1 v I I 11 v
Blend composition, %:
LGOK concentrate 54.2 54.1 53.8 53.5 54.1 53.9 53.5 53.1
SSGPO concentrate 7.7 7.7 7.7 7.6 7.7 7.7 7.6 7.5
ore mixture 15.5 15.5 15.9 15.3 15.5 15.4 15.3 15.3
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combined flux 15.7 15.6 15.6 15.5 15.7 15.5 15.5 154
coke 7.0 6.7 6.7 6.3 7.1 7.1 7.0 6.7
flotation waste - 04 0.9 1.9 - 1.0 1.9 3.6
Fuel mixture:

coke breeze 100.0 93.9 88.5 769 | 100.0 | 88.3 79.0 65.2
flotation waste - 6.1 11.5 23.1 - 11.7 21.0 34.8
Return in charge 16.0 17.0 17.0 16.8 16.8 16.8 16.7 16.6
Technological indicators:

Batch layer height, mm 400 400 400 400 400 400 400 400
including the top layer - - - - 150 150 135 120

Vertical sintering speed,
12.8 11.7 12.7 9.9 9.7 11.1 9.5 11.8

mm/min

Specific  productivity,

Ym b 0.8 0.7 0.8 0.6 0.6 0.7 0.6 0.7

Yield, % 75.2 76.7 81.3 75.3 78.3 78.4 75.7 74.9

Fuel consumption, kg/t | 95.3 94.9 973 | 110.0 | 95.0 | 100.0 | 110.7 | 120.0

ag.

Agglomerate quality:

Chemical composition

of agglomerate, %:
Fe total 48.2 489 | 485 48.3 48.3 47.5 47.5 48.2
CaO 13.1 13.0 13.5 13.2 12.5 12.6 12.7 12.6
SiO2 10.9 11.0 10.7 10.7 10.9 11.5 11.7 11.0
MgO 2.4 2.3 2.4 2.4 24 24 24 2.3
MnO 0.4 0.4 0.4 0.3 0.5 0.4 0.4 0.4
ALOs 4.5 44 4.3 44 4.3 43 4.4 4.7

Agglomerate strength according to GOST 15137-77, %

on impact 53.8 49.6 51.1 53.0 51.5 53.3 53.0 54.3

for abrasion 9.0 9.2 12.1 11.8 9.2 9.0 9.2 6.8

With two-layer sintering, the introduction of 5% flotation waste into the charge leads to an
increase in the vertical sintering speed by 1.3 mm/min, specific productivity by 0.08 t/m3 h, the yield
of usable agglomerate - 0.1%, mechanical impact strength and abrasion -1.7 and 0.2%, respectively.
A further increase in the proportion of waste leads to a decrease in the height of the top layer by 1.5
mm by 1% of waste and yield.

During laboratory tests, it was found that the concentrations of SO2 and NOx in the exhaust
gases, compared with conventional charging during single-layer sintering, remained almost at the
same level, and with double-layer sintering, a slight increase was observed. Involving flotation waste
in production does not significantly change the environmental parameters of the process.

It was found that dust was present in all samples and was released during the first 6 - 8 minutes
of the sintering process. During the combustion of solid fuel, the release of volatiles has a “jet”
character. When burning flotation waste, the temperature in the sintering zone is insufficient for
complete ignition of volatile substances on the surface of the charge materials. As a result, one part
of the volatiles ignites together with the coke breeze, and the other part, without having time to
interact with the oxidizing components of the gas phase, leaves the reaction zone with the exhaust
gases.
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3.3. Industrial Tests

Pilot research on replacing part of the coke breeze with flotation waste at the 5th sintering
machine of sinter plant No. 2 with an environmental assessment of such replacement. as well as
comparative measurements with conventional blending. The composition of the charge from sinter
plant No. 2 during experimental and comparative measurements is given in Table 6.

Table 6. Composition of the charge on sintering machine No. 5 of sintering plant No. 2.

Item No. Option
Name Dimension
experienced comparative

1 Lisakovsky concentrate 1700 1440
2 Ore mixture T 370 220
3 Lime dust T 70 -

4 Coke T 150 150
5 Scrap (scale) T 70 40
6 Limestone T 440 456
7 Flotation waste T 15 -

8 Return T 440 340

During experimental measurements on vacuum chambers in the filters of the sampler, the
presence of mainly agglomeration dust was noted, in which resinous substances are contained in
small quantities and are found on the filters in the form of a yellow coating. Comparative
measurements in vacuum chambers did not reveal any agglomeration dust on the filters. Resinous
substances, both in experimental and comparative measurements, were detected in sufficient
quantities in the exhaust gases in the collector and in the exhauster (Table 7).

Table 7. Results of measurements of harmful substances on the 5th sintering machine of sintering

plant No. 2.
NOx
Dust Concentration of )
. concentration,
Temperature, °C concentration, tarry substances,
mg/nm?3
Sampling mg/nm3 mg/nm3
points - - -
experi- | compare | exper- | compare | experi- compare | experi- | compare
ence experi- ience experi- ence experi- ence experi-
ence ence ence ence
4 v/k 28 - - - - - 132,70 -
5v/k 35 - 19,03 - - - 155,74 -
6 v/k 65 65 64,69 - - - 214,91 224,90
9 v/k 65 65 60,88 - - - 258,66 273,73
13 v/k 85 75 53,27 - - - 316,50 339,08
19 v/k 185 180 106,54 - - - 231,82 261,50
20 v/k 235 235 182,65 - - - 199,38 218,54
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Collector 105 116 66,59 | 39,60 1,14 0,63 22280 | 161,90
min.

102 110 63,19 | 37,58 1,08 0,59 201,20 | 144,90
max.

108 120 70,16 | 41,72 1,20 0,66 237,65 | 179,00

Exhauster | 117 118 53,49 | 51,10 1,33 0,95 309,00 | 248,20
min.

115 116 51,47 | 49,17 1,28 0,91 28731 | 228,46
max.

120 120 55,53 | 53,05 1,38 0,99 324,45 | 268,22

When conducting comparative measurements, there was a decrease in the proportion of oily
scale in the sintering machine charge from 70 to 40 tons (or from 2.15 to 1.51% of the charge
composition), which apparently had some impact on the comparative results. The content of resinous
substances when using flotation waste in the sinter plant charge increased from 0.63 to 1.14 mg/nm3
(or by 45%) in the collector and from 0.95 to 1.33 mg/nm? (or by 29%) at the exhauster.

Removal of volatile and resinous substances occurs at low temperatures (up to 300 °C) and the
equilibrium temperature of their condensation is 78 °C.

As a result, when using flotation waste, most of the volatile and tarry substances are removed
from the combustion zone, captured by the waterlogging zone and, moving through the layer,
removed in the last vacuum chambers.

The gas temperature in these vacuum chambers is 250-300 °C and in the collector 100-150 °C,
therefore no deposits of tarry substances were found in this section of the gas exhaust tract. After the
second stage of gas purification, the temperature of the exhaust gas decreases and ranges from 70 to
90 °C, i.e., decreases to a temperature close to the equilibrium deposition of resinous substances.

As a result, the formation of a layer of deposits consisting of a mixture of dust (up to 50%) and
resin containing up to 80% organic compounds was revealed on the exhauster blades. After
exhausters, as a result of adiabatic compression, the temperature of the exhaust gases increases by
15-20 °C and further deposition of tarry substances stops. Increasing the temperature to 90-120 °C
sharply reduces resin condensation and with a further increase in temperature to 180-260 °C,
condensation practically stops. The high yield of volatiles in flotation waste changes the composition
of the exhaust gases. Nitrogen oxides on eshauster increase on average from 248.2 to 309 mg/nm? (by
20%).

Based on the results of laboratory and semi-industrial studies on the partial replacement of coke
breeze in the charge of sinter plants with flotation waste, the main production and technological
features, technical and economic indicators of the sintering process were determined.

Conclusions

Thus, the work determined the material composition of waste from the flotation department of
ArcelorMittal Temirtau JSC (now Qarmet JSC) and proposed options for their effective use as a fuel-
containing additive in the fuel mixture of the sintering charge. The possibilities of using coal flotation
waste as an alternative substitute for coke breeze have been studied after the regimes for its
preparation for sintering have been developed and a rational mode of layer-by-layer combustion in
the sintering layer has been organized. Based on the results of laboratory and industrial studies, the
possibility of using flotation waste mixed with coke breeze as a fuel mixture for the agglomeration of
iron ore materials has been substantiated.

The use of flotation waste as fuel in its pure form is impractical due to high humidity and ash
content. Therefore, fuel mixtures of various compositions were compiled. Analyzes have shown that
for the conditions of the sinter plant of Qarmet JSC, it is possible to partially replace coke breeze with
coal enrichment flotation waste in an amount of 5.10 % of the fuel consumption for the process. In
this case, the best conditions are achieved with two-layer sintering of the sinter charge and the
environmental parameters of the sintering process do not change significantly.
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With two-layer sintering, the introduction of 5% flotation waste leads to an increase in the
vertical sintering speed by 1.33 mm/min, specific productivity by 0.08 t/m h, the yield of suitable
agglomerate - 0.1%, mechanical strength to impact and abrasion - 1 .78 and 0.2%, respectively. A
further increase in the proportion of waste leads to a decrease in the height of the top layer by 1.5 mm
per 1% of the waste, the yield.

The use of this fuel mixture on sintering machines will reduce the consumption of coke breeze
while increasing specific productivity and the yield of usable sinter, as well as reduce the irrational
alienation of land resources and, with an effective smoke emission treatment system, ensure a
reduction in environmental pollution.
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