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POLYMETALLIC SULPHIDE MATERIALS, OXIDATION, LEACHING, CONCENTRATE, COMPOSITION, PROPERTIES, PULSATING LAYER, EXTRACTION.

Object of research: processes of burning of sulfide charge, leaching of stubs, melting of cakes.

The aim of the work is to develop a technology for thermo - hydrometallurgical processing of polymetallic sulphide materials based on the output of sulphide sulfur into soluble sodium and potassium sulfates, an instrument-technological scheme, and a bench-mounted oxidation unit in a pulsating layer.

Research methods - thermodynamic calculations using the HSC Chemistry-8 program of Outotec, analysis of gas composition, x-ray spectral analysis of materials and products, study of the kinetics of firing materials by the differential method.

Results and their novelty:

-samples of lead-zinc concentrate from the Shalkiya Deposit, copper-molybdenum concentrate KMF-7, and copper concentrate from the Balkhash MZ were studied.

– calculated thermodynamics of firing of molybdenum, rhenium and other components in the presence of sodium carbonate, leaching reactions of firing products;

– a laboratory installation of a vibropulsing layer for firing has been developed, and the kinetics of firing iron and copper sulfide has been studied.

– a hardware and technological scheme for processing sulfide concentrates has been developed.to reduce dust removal and eliminate the operations of granulating the charge, it is proposed to use a vibrating layer.

– published articles and received a patent, proposed sketches of the installation of firing pellets and regeneration of soda by electrodialysis.

The field of application of the results is metallurgy of heavy non – ferrous metals.

Recommendations for implementation or results of implementation of research results - hardware and technological scheme for processing sulfide concentrates can be recommended for production design.

Economic efficiency or significance of the work-direct processing of collective concentrates will allow: 10-15% increase in the recovery of valuable components during flotation, reduce the consumption of reagents, increase technical and economic indicators and solve the problem of utilization of sulfur sulfide raw materials.
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TERMS AND DEFINITIONS

In this R & d report, the following terms are used with appropriate definitions:

	Polymetallic collective concentrate
	– a product of enrichment of sulfide ores of heavy non-ferrous metals obtained as a result of flotation, contains approximately equal amounts of copper, zinc, lead and other related elements.

	X – ray spectral analysis (spectrophotometry)
	– is a method for studying solid and bulk materials based on determining the intensity of secondary emission radiation of elements as a result of irradiation of a sample with an x – ray tube of the device.

	Chromatographic analysis of gases
	– gases is a method for studying the content of components of a gas mixture based on dividing a mixture of gases in a column filled with a sorbent (silica gels, molecular sieves, activated carbon) into separate components and determining the exit time, height or peak area of this component based on the difference in the thermal conductivity of the analyzed component and the carrier gas in a thermal conductivity sensor (catarometer).

	Oxidative roasting
	– is a process of heat treatment of a sulfide polymetallic concentrate at temperatures of 500-900 oC in an atmosphere containing oxygen, accompanied by dissociation reactions and oxidation of metal sulfides.

	Desulfurization
	– is the process of dissociation (decomposition) of higher metal sulfides (MeS2 = MeS + ½ S2), as well as the processes of oxidation of elemental sulfur and lower sulfides to form sulfur dioxide removed with gases.

	Decarbonization
	– is the process of dissociation (decomposition) of metal carbonates to form metal oxide and carbon dioxide gas.

	Leaching
	– is the process of dissolving solid components in water, as well as in solutions of acids and alkalis.





LIST OF ABBREVIATIONS AND DESIGNATIONS

The following abbreviations and designations are used in this research report

delta G         -  Gibbs energy change, kJ/mol
delta H         -  change in enthalpy, kJ/mol
Т                  - absolute temperature, K
оС                - temperature on the Celsius scale
pH                - hydrogen index, units.
Р                   - pressure, mmHg, PA
U                   - voltage, V
I                     - the strength of the current
INTRODUCTION
Assessment of the current state of the scientific and technical problem being solved:

The main raw materials for the production of copper, zinc, lead and other metals are sulfide and less often oxidized ores. Sulfide ores contain copper, lead, zinc and a number of related valuable impurities. In connection with the development of deposits, poorer polymetallic ores are involved in processing. When enriching according to the schemes of collective-selective flotation, the recovery rates of metals in the collective concentrate are 85-93%, and at the stage of obtaining selective (copper, zinc and lead) concentrates, the recovery of non-ferrous metals is reduced to 72-75% [1].

There is an objective need to develop new technologies for processing collective concentrates with different contents of copper, zinc and lead, as well as sulfur, iron and related valuable components. When developing new technologies, it is also necessary to study the behavior and distribution of valuable accompanying components and harmful impurities. For polymetallic sulphide concentrates, the behavior of rhenium, molybdenum, antimony, arsenic, and other impurities is important.

Autogenic [2,3], autoclave, and hydrometallurgical methods for processing raw materials, dusts, and industrial products were developed and implemented in the production of heavy non-ferrous metals [4,5]. In General, the problem of processing low-quality sulfide raw materials has not yet been solved. New technologies are needed to reduce costs at the enrichment stage, increase the end-to-end extraction of metals into commercial products, while increasing the complexity of the use of valuable components and reducing the cost of production.

In metallurgy of non - ferrous metals, the Vanyukov A.V. process [6], suspended melting [7], and processes with intensive bubbling of melts with gases-QSL, Aussmelt, and Isasmelt [8,9] are used. However, pyrometallurgical technologies are inferior to hydrometallurgical and autoclave technologies in terms of fuel and energy resources and environmental indicators.

Replacing pyrometallurgical technologies with hydrometallurgical methods requires a significant intensification of leaching processes, cleaning solutions from impurities, and separating metals from solutions. To increase the productivity and recovery rates of valuable components, hydrometallurgy began to use mechanical activation and ultrafine grinding of raw materials (Albion process) [10], autoclave technologies for leaching and cleaning solutions from impurities [4,5].
The basis and initial data for development of themes.

Processing technologies at non-ferrous metallurgy plants are focused on monometallic concentrates and are based on the use of processes for firing concentrates, melting burnt or dried charge and converting molten matte with subsequent metal refining operations.

In addition to autogenic melting processes (A.V. Vanyukov's process, suspended melting, CF-CF, etc.), pyrometallurgical methods are associated with significant fuel and electricity costs. the processes produce a large amount of slags and gases containing sulfur oxides and dust, which determines the need for waste storage, emissions into the atmosphere and environmental pollution.

The possibility of replacing pyrometallurgy with hydrometallurgy has been proven by the practice of using autoclave technologies. The Albion process [3] was introduced for processing zinc sulfide concentrates, which excludes the process of oxidative firing. Hydrometallurgical processing of copper-lead-zinc materials requires the oxidation of metal sulfides and their conversion to water-soluble forms of oxides and sulfates. In zinc hydrometallurgy, this is solved by using concentrate firing in fluidized bed furnaces, in autoclave processes using oxygen, and in the Albion process by ultra – fine particle grinding in Isamill bead mills.There are technologies for chlorine leaching and leaching with trivalent iron salts implemented on a pilot and industrial scale.

Justification of the need for research.

Due to the development of deposits and involvement in the production of low-quality raw materials, it is necessary to develop new technologies that allow complex processing of sulfide concentrates and industrial products.

Research on the processing of lead, copper and Nickel concentrates based on the use of alkali metal salts proves the promise of technologies with the use of such additives in pyro and hydrometallurgical processes. New methods of intensification of metallurgical processes based on mechanochemical activation, the use of acoustic vibrations, exposure to microwave radiation, etc. have also been developed, and questions are raised about the development of waste-free, environmentally friendly technologies aimed at the integrated use of natural and man-made raw materials. Oxygen, chlorine, potassium permanganate, hydrogen peroxide, ozone, etc. are used as effective oxidizers of sulfides and metals in order to extract them into the product of processing.

The proposed technology for processing sulfide concentrates containing copper, lead, zinc, iron and other components will reduce costs at the enrichment stage and increase the extraction of metals into commercial products. The soda ash used in the technology provides complete capture of raw material sulfur in the form of sodium and potassium sulfates in an aqueous solution after leaching the stub obtained during low-temperature firing. Rare metals forming sodium salts can be extracted from an aqueous solution, and soda is regenerated by electrodialysis and carbonation, and sulfuric acid is produced.

Information about the planned scientific and technical level of development, patent research and conclusions from them: based on patent research, it was revealed that a similar technology for processing sulfide raw materials is proposed in the patent of D. A. Norrgran. According to this technology for the extraction of non-ferrous metals, the ore is enriched by flotation and the concentrate mixed with carbonate or bicarbonate is fired, the stub is mixed with water to separate metal sulfates from iron compounds and other solid residues, the sulfate solution is filtered from solid particles and non-ferrous metals reduced by precipitation or electrolysis.

Analysis of the developed technologies using pyro - and hydrometallurgical operations shows the possibility of intensifying processes based on the use of new reagents and methods of exposure using vibration, acoustic vibrations and ultrasound.

Patent research and experimental development made it possible to issue the patent of the Republic of Kazakhstan No. 33152, 01.10.2018 "soda Sulfide-a sulfate method for processing polymetallic concentrates and industrial products".

Information about metrological support for R & d:

The analysis of thermodynamics of reactions in the processes of roasting, melting, and leaching was carried out using the licensed software from OutotecTechnologies version HSC Chemistry 8.1.5 (Lecensee: KazNTU).

The composition of the concentrate, stub, cakes and solutions was determined on the SPARK-1 spectrophotometer using calibration data. The CO2 content in the gases was determined using a Gasohrom – 3101 chromatograph. Temperature control in the furnace with a nichrome heater was carried out by a thermocouple XA and a meter-regulator IRT 5301. Control temperature measurements in the reaction zone were performed using a thermocouple and a DT-838 digital device. The weight of the materials was weighed on an electronic scale VLT-510-P (capto). Materials were leached in a UTU-2/n thermostat, and solutions were analyzed using a JENWAY 6300 spectrophotometer.

Relevance and novelty of the topic. The development of new technologies for processing polymetallic concentrates is relevant due to the development of deposits and a decrease in the quality of ore raw materials.

The novelty of the topic lies in the proposed version of the technology for processing collective concentrates and industrial products of non-ferrous metals, based on roasting the charge with the addition of sodium and potassium carbonates at 500-700 oC, water and acid leaching of cinder at temperatures of 50-70 oC and melting cake with the output of valuable and related components in various products. The oxidation processes of sulfide concentrates can be carried out in CS furnaces, drum furnaces, and shaft furnaces. To reduce the dust removal during firing, to exclude operations of granulating charge materials and drying pellets, it is proposed to use a vibrating layer.

Extraction of copper, zinc, lead and other valuable components can be carried out by sulfuric acid or salt leaching, or, depending on the content of the target metal, by pyrometallurgical method.

Thermodynamic analysis of reactions in metal sulfide – sodium carbonate – oxygen systems for accompanying components of polymetallic raw materials (molybdenum sulfides. rhenium, arsenic, antimony), developed the design and installation of a laboratory installation for creating pulsations in the working volume by means of an electromagnetic vibrator.

The kinetics of firing of iron and copper sulfides has been studied. the obtained values of the apparent activation energy indicate a diffusive mechanism of firing of sulfides in the presence of sodium carbonate.

Relation of this work to other research papers. Analogs of the project are technologies for melting lead, copper and Nickel concentrates to produce metal and alkaline melts. These technologies are not intended for processing low-quality concentrates and industrial products containing comparable amounts of copper, lead, and zinc. The difference between the work and analogues is the firing of collective concentrates with alkali metal salts in order to completely bind sulfur to alkali metal sulfate and concentrate valuable components in one of the products: a stub or in a solution. 

Goals and objectives of the research stage, their place in the implementation of research. 

The purpose of research is to develop a technology for thermo - hydrometallurgical processing of polymetallic sulphide materials based on: oxidation and removal of sulfide sulfur into water-soluble sodium and potassium sulfates, using oxidants; extraction of copper and zinc under conditions of activation of firing and leaching processes by physical methods; cleaning solutions from impurities and isolation of target products; determination of optimal conditions for the extraction of non-ferrous metals; identification of process parameters and reagent modes favorable for auxiliary operations of pulp thickening and filtration; creation of a hardware and technological scheme that is promising for introduction into production and a bench installation for the oxidation of sulfide materials in a pulsating layer.

Research objectives for the 2018.:

1 Sampling and analysis of polymetallic sulphide materials, design development and creation of a laboratory installation for the oxidation of sulphide materials in a pulsating layer.

2 Study of the kinetics and mechanism of oxidation of sulfides with sodium and potassium salts in a pulsating layer.

Research objectives at the 2019 stage:

3 Technological research with polymetallic sulphide materials, calculations of material balances and distribution of valuable components, determination of energy costs for operations.

4 Study of the compositions and properties of oxidation and leaching products, selection and Experimental verification of methods for isolation of target products.

Research objectives for the 2020 stage:

5 Development of technological operations for processing sulfide polymetallic materials and selection of technological equipment.

6 Development of hardware and technological scheme and creation of a bench installation for the oxidation of sulfide materials in a pulsating layer.

List of names of all interim reports by stage and their registration numbers:
1 UDC:622.772:622.343, GRNTI:53.37.13, state reg.no. 0118RK00421, inv. no. 0218RK00855 Interim research report 2018 no. AR05133403 on the topic "Development of technology for thermohydrometallurgical processing of polymetallic sulphide materials».
2 UDC:622.772:622.343, GRNTI:53.37.13, state reg.no. 0118RK00421, inv. no. 0219RK00362 interim research report 2019 no. AR05133403 on the topic "Development of technology for thermohydrometallurgical processing of polymetallic sulphide materials».
1 Sampling and analysis of polymetallic sulphide materials, design development and creation of a laboratory installation for the oxidation of sulphide materials in a pulsating layer
1.1 Sampling analysis of sulfide materials for research
Lead-zinc concentrates from the ores of the Shalkiya Deposit, copper-molybdenum concentrates from the ores of the Vostochny Kounrad Deposit, industrial product of copper ore processing from the Aktogay Deposit, Balkhash Cu and maleevsky Pb-Zn-Cu concentrate were Prepared for research on the oxidation of sulfide materials in a pulsating layer at the research stages of 2018-2020.

Samples of lead-zinc sulfide materials. Samples of rich lead-zinc ore weighing 1.5 kg were taken at the Shalkiya Deposit. After crushing, crushing of ore and collective flotation on a flotation machine with a chamber volume of 1.5*10-3 m3, a sample of sulfide concentrate weighing 0.388 g and tailings weighing 1.014 kg was obtained.

The compositions of the source materials determined by x-ray spectral analysis on the SPARK-1 device:at a voltage at the copper anode U=25 kV and exposure t=40 sek, are shown in table. 

Table 1.1 – X-ray spectral analysis of samples, % (weight)
	Material
	Fe
	Cu
	Zn
	Pb
	S

	Pb-Zn ore
	2,03
	2,35
	13,99
	15,83
	11,87

	Collective concentrate  - 1
	2,4
	3,99
	22,27
	40,61
	26,94

	Tails of the 1st flotation
	0,45
	0,56
	4,28
	5,53
	2,1




Samples of Aktogay industrial products. At the processing plant of the Aktogay field in 2019, a sample of industrial product of collective flotation was selected, the composition of which, according to x - ray fluorescence analysis by PAN alytical, is shown in table 1.2.

Table 1.2 – Results of analysis of the Aktogay industrial product

	Element
	Content, %
	Element
	Content, %

	O
	18,772
	Ti
	0,201

	Na
	0,762
	Fe
	20,814

	Mg
	0,486
	Со
	0,043

	Al
	2,975
	Cu
	16,693

	Si
	7,835
	Se
	0,01

	P
	0,036
	Rb
	0,004

	S
	17,011
	Sr
	0,012

	Cl
	0,017
	Zr
	0,005

	K
	0,634
	Mo
	0,178

	Ca
	0,563
	Pb
	0,011


Samples of copper-molybdenum sulfide materials. In 2018, ore samples from the Vostochny Kounrad Deposit were crushed, crushed and collectively flotation in batches of 0,5 kg on a laboratory flotation machine with the addition of reagents: Na2S – 300 g/t; lime – up to pH = 10.0. During flotation, kerosene was added – 200 g/t; BCS – 120 g/t; T – 80-90 g/t. Next, the main flotation was performed to obtain a rough copper-molybdenum concentrate.

Table 1.3 - Analysis of copper-molybdenum ore
	Name of indicators
	Unit
	Test result

	Silica (SiO2)
	%
	78,0

	Aluminum trioxide (Al2O3)
	%
	10,7

	Iron trioxide (Fe2O3)
	%
	4,28

	Phosphorus pentoxide (P2O5)
	%
	0,070

	Sulfur (S)
	%
	0,719

	Calcium oxide (СаО)
	%
	2,18

	Molybdenum (Mo)
	%
	0,81

	Titanium dioxide (TiO2)
	%
	1,28

	Copper (Cu)
	%
	0,48

	Tungsten (W)
	%
	0,05

	Vanadium (V)
	%
	0,48

	Carbon (С)
	%
	0,20

	Nickel (Ni)
	%
	0,02

	Gold (Au)
	%
	отс

	Rhenium (Re)
	%
	0,18

	Beryllium (Be)
	%
	отс


In General, to conduct research in 2018-2020 on sulfide-soda-sulfate technology, for which a patent of the Republic of Kazakhstan was obtained in 2019, a group of researchers had concentrates, the compositions of which are shown in table 1.4.
Table 1.4 - Composition of the concentrate mixture
	Name of the material
	Content, %

	
	Cu
	Pb
	Zn
	Fe
	Mo
	S
	Re
	SiO2
	CaO
	Al2O3

	Maleevsky Pb-Zn-Cu concentrate
	5,99
	10,58
	27,29
	17,30
	-
	35,96
	-
	0,24
	0,005
	0,1

	Pb-Zn concentrate of Shalkiya
	3,99
	40,61
	22,27
	2,4
	-
	26,94
	-
	2,7
	0,3
	0,8

	Balkhash Cu concentrate
	14,85
	3,25
	0,65
	31
	-
	29,3
	-
	15,2
	1,65
	3,4

	Balkhash Mo poor concentrate
	2,28
	0,30
	0,102
	12,59
	5,09
	16,26
	0,43
	37,35
	3,03
	7,79

	Aktogay Cu

industrial product
	16,69
	0,011
	-
	20,81
	0,178
	17,01
	-
	16,8
	0,79
	8,28


Samples of concentrates were analyzed in the production laboratory of KSPSteel LLP for the content of: Cu, Fe, Mo, Re, W, Au, S, CaO, SiO2, MgO. Samples of stubs and cakes obtained during experiments on baking with soda, water and acid leaching were promptly analyzed for Fe, Cu, Zn, Pb by X-ray fluorescence analysis on the SPARK-1 device.

1.2  Laboratory installation for sulfide oxidation in a pulsating layer
Methods of intensification of metallurgical processes, in which the limiting stage is the oxidation of metal sulfides, are based on the use of oxygen-rich blast, adding strong oxidants to the reaction system (chlorine, ozone, hydrogen peroxide, etc.). another direction of intensification and increase in equipment productivity is the impact on the working environment due to pressure pulsations and flow rates of liquid or gas, increased turbulence, and the use of cavitation effects [11-16].

In the processes of oxidative firing of sulfide materials, the intensity of processes is significantly increased in fluidized bed furnaces, but the fluidized bed is characterized by a significant removal of dust and, accordingly, an increase in the cost of dust collection. The reduction of dust removal can be achieved by using the principles of a pulsating or vibrating layer that ensures the proper contact of solid charge particles with the surrounding gas environment during firing, or charge particles with a leaching medium in hydrometallurgical processes.

Analysis of devices for creating pulsations of various amplitudes and frequencies confirms the possibility of using the simplest electromagnetic vibrators for mixing solid and gaseous, solid and liquid media.Taking into account the necessary conditions for mixing the charge during firing, the design of an electromagnetic vibrator was developed, and a laboratory installation for firing in a pulsating layer was created on the basis of the derivatograph furnace block, shown in figure 1.
[image: image1.jpg]



Figure 1 – Photo of the firing unit in the vibrating layer
2 Study of the kinetics and mechanism of oxidation of sulfides with sodium and potassium salts in a pulsating layer
2.1 Evaluation of thermodynamics of sulfide oxidation and behavior of components during processing
When processing sulfide materials using the proposed sulfide-soda-sulfate technology, various chemical reactions can occur during oxidative firing, in the processes of water and acid leaching, as well as in the processes of electrodialysis and regeneration of soda.

The license program of Outoteck HSC Chemistry 8.1.5 allowed us to perform thermodynamic calculations of the equilibrium of oxidation reactions of iron sulfides and a number of non-ferrous and rare metals, to build E-pH diagrams, and to create a hardware and technological scheme for processing raw materials according to the proposed options. Tables of thermodynamic characteristics of the oxidation reactions of sulfides CuS, Cu2S, FeS2, FeS, ZnS, PbS in the presence of NaOH and Na2CO3 in an oxidizing atmosphere are constructed, diagrams of changes in the Gibbs energy of reactions depending on temperature are given, and the processes of firing of sulfide materials in a mixture with soda are studied [17,18].

A summary diagram of the Gibbs energy change for the reactions of sulfides with sodium carbonate is shown in figure 2.
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Figure 2 - Summary diagram of the Gibbs energy change as a function of temperature for metal sulfides
2.2 Study of the kinetics of firing copper and iron sulfides with soda in a vibro-boiling layer
The widespread use of electromagnetic vibrators has made it possible to improve the technological processes of transportation of bulk materials, briquetting of charges. In the field of obtaining composite materials from powders by thermosynthesis in a vibrating layer, the works of V. G. Lyulko and others were published [19-22].

The authors of these works noted that vibrational fluidization provides a multiple increase in the volume of the layer and its highly porous structure, reduces the viscosity and eliminates particle shielding. Specially developed methods of vibration impact can destroy the cohesive bonds of particles, increase the relative speed of movement, create additional turbulence of the flow, and thereby increase the area and multiplicity of interphase interaction with the gas medium, and intensify the processes of heat and mass transfer. Uniform distribution of temperature and gas, active mixing of the dispersed material create conditions for obtaining end products of uniform composition and properties.

We have tested the possibility of intensive mixing of fine material in the reactor of the vibrating layer and conducted research on the oxidation of sulfide materials in the layer created by an electromagnetic vibrator [23, 24].

At the roasting plant, the kinetics of sulfide roasting and technological experiments on roasting concentrates were carried out when such process parameters as temperature, air blast consumption, and duration were changed. Gas analysis for CO2 was Performed on a Gasohrom-1 chromatograph and for CO2, CO, and O2 on a multichannel gas analyzer MAG-6-T, x-ray spectral analysis of materials on a SPARK-1 spectrophotometer; the kinetics of firing materials in a pulsating layer at 500-600 oC was studied by a differential method.

To process experimental data on sulfide firing, a differential method was chosen [25] for determining the order of the firing reaction in a MeS-Na2CO3-O2 system in which processes with the formation of metals, oxides, sodium sulfate, and CO2 release Occur in parallel:

MeS + Na2CO3 + 1½ O2 = Me + Na2SO4 + CO2                   
(1)

MeS + Na2CO3 + 2 O2 = MeO + Na2SO4 + CO2          

(2)

According to the content of carbon dioxide CO2 in the exhaust gases and their quantity, the process indicators were evaluated: the degree of decarbonization of soda, the degree of desulfurization of metal sulfide, or the degree of sodium sulfatization. Soda ash when heated in the temperature range of interest does not decompose with the release of CO2.

The obtained values of the apparent activation energy in the temperature range 500-550-600 oC indicate the diffusion mechanism of burning sulfides in the presence of sodium carbonate. Application vibropresarea layer provides intensive mixing of the charge during roasting, preventing the sintering. At the same time, the dust removal from the layer did not exceed 0,5%.

At firing temperatures and the composition of the charge leading to the formation of a small amount of liquid phases, high-temperature granulation of the fired material is observed with the formation of spherical granules. In experiments on the firing of sulfide charges containing silica, the formation of granules is observed at temperatures above 700-725 oC due to the formation of liquid phases of sodium silicate and soda. High-temperature granulation does not prevent the oxidation of sulfides and reduces the loss of the charge with dust. When studying the kinetics of firing copper and iron sulfides in a pulsating layer in order to avoid sintering the material, the charge was diluted with an inert material – alumina.

Increasing the temperature significantly increases the speed of the process and the degree of transformation, but even in the conditions of a pulsating layer, the diffusion of reagents and, first of all, the oxidizer determines the speed of the firing process as a whole. Intensification of roasting is possible due to an increase in air consumption or an increase in the oxygen content in the blast, but it is necessary to exclude sintering and melting of the stub due to the excess heat of exothermic reactions in the layer.

Therefore, for different scales of firing, the operating parameters including the ratio of the amount of charge and oxygen-containing blast must be determined from the heat balance for the firing apparatus used.

Industry produces various vibrators using pneumatic, electrodynamic and electromagnetic devices. Electromagnetic vibrators of industrial production have a power from units to tens of kW and are used in particular for mixing materials and transporting them, briquetting the charge, processing and polishing parts in mechanical engineering.

There is an example of an industrial application of a vibrating layer for nitriding steel in a furnace, which creates prerequisites for the use of similar devices for oxidative firing of sulfide materials.

3 Technological research with polymetallic sulphide materials, calculations of material balances and distribution of valuable components, determination of energy costs for operations
3.1 Thermodynamics of reactions of molybdenum, rhenium and other components of polymetallic concentrates

In sulfide ores, the main components are copper, lead, zinc, and iron sulfides, and the accompanying sulfides are arsenic (As2S3, FeAsS), antimony Sb2S3, molybdenum MoS2, rhenium ReS2, bismuth Bi2S3, cadmium CdS, and others. A thermodynamic assessment of the possible behavior of these impurities during processing using the sulfide-soda-sulfate technology was carried out.

Table 3.1 – Results of calculating the Gibbs energy change of possible reactions
	Reaction
	ΔG0,  kilojoule

	
	500 оС
	600 оС
	700 оС

	MoS2 + 2 Na2CO3 + 4,5 O2(g) = MoO3 + 2 Na2SO4 + 2 CO2 (g)                          
	-1429,5
	-1388,7
	-1348,3

	MoS2 + 3 Na2CO3 + 4,5 O2(g) = Na2MoO4 + 2 Na2SO4 + 3 CO2(g)             
	-1529,5
	-1512,7
	-1489,9

	MoO3 + Na2CO3 = Na2MoO4 + CO2(g)                                                      
	-99,95
	-123,95
	-141,7

	2 ReS2 + 4 Na2CO3 + 9,5 O2(g) = Re2O7(g) + 4 Na2SO4 + 4 CO2(g)            
	-2784,2
	-2719,5
	-2655,4

	Re2O7(g) + Na2CO3 = 2 NaReO4 + CO2(g)                                                 
	-210,8
	-201,5
	-191,7

	ReS2 + 2,5 Na2CO3 + 4,75 O2(g) = NaReO4 + 2 Na2SO4 + 2,5 CO2(g)
	-1497,5
	-1460,5
	-1423,5

	As2S3 + 3 Na2CO3 + 6 O2(g) = As2O3 + 3 Na2SO4 + 3 CO2(g)                  
	-2066,6
	-2011,2
	-1955,6

	As2S3 + 4 Na2CO3 + 6 O2(g) = 2 NaAsO2 + 3 Na2SO4 + 4 CO2(g)            
	-2310,5
	-2261,8
	-2211,9

	As2S3 + 6 Na2CO3 + 7 O2(g) = 2 Na3AsO4 + 3 Na2SO4 + 6 CO2(g)           
	-2530,5
	-2498,5
	-2465,4

	Sb2S3 + 3 Na2CO3 + 6 O2(g) = Sb2O3 + 3 Na2SO4 + 3 CO2(g)                  
	-2057,8
	-2010,9
	-1954,8

	Sb2S3 + 6 Na2CO3 + 7 O2(g) = 2 Na3SbO4 + 3 Na2SO4 + 6 CO2(g)            
	-2359,3
	-2342,9
	-2315,5


Calculations show that sulfides of the accompanying components during oxidative firing in the presence of soda can react with the formation of water-soluble compounds, and sodium compounds can also be formed when oxides interact with soda. The solubility of sodium molybdate and perrenate in water allows for the separation of rare metals from basic non-ferrous metals, iron and waste rock components during water leaching. Arsenic and antimony compounds can also pass into aqueous solutions.

The sulfide concentrates contain silica SiO2, which at a firing temperature of 500-700 oC forms sodium metasilicate by reaction:

SiO2 + Na2CO3 = Na2SiO3 + CO2 



(3)

Sodium silicate is soluble in cold water, concentrated solutions form a colloidal solution of SiO2•n H2O Hydrosol. This may lead to a decrease in the filtration rate of solutions after water leaching of the stub. Given that Na2SiO3 decomposes in hot water, it is possible to pre-isolate SiO2 from solutions. In addition, sodium silicate reacts with carbon dioxide to form soda and silica, which can be used to partially regenerate soda and isolate silica:

N a 2 S i O 3 + C O 2   →   N a 2 C O 3 + S i O 2 ↓ {\displaystyle {\mathsf {Na_{2}SiO_{3}+CO_{2}\ {\xrightarrow {}}\ Na_{2}CO_{3}+SiO_{2}\downarrow }}} Na2SiO3 + CO2 = SiO2 + Na2CO3 



(4)

3.2 Roasting of a mixture of concentrates, leaching of stub and keck
To study the distribution of the main components and impurities, a charge was prepared from a mixture of concentrates, the composition of which is shown in table 3.2.

Table 3.2 - Сomposition of the concentrate mixture
	Name of the material
	Content, %

	
	Cu
	Pb
	Zn
	Fe
	Mo
	S
	Re
	SiO2
	CaO
	Al2O3

	Balkhash Cu concentrate
	14,85
	3,25
	0,65
	31
	-
	29,3
	-
	15,2
	1,65
	3,4

	Pb-Zn concentrate of Shalkiya
	3,99
	40,61
	22,27
	2,4
	-
	26,94
	-
	2,7
	0,3
	0,8

	Maleevsky Pb-Zn-Cu concentrate
	5,99
	10,58
	27,29
	17,3
	-
	35,96
	-
	0,24
	0,005
	0,1

	Balkhash Mo concentrate  
	2,28
	0,30
	0,102
	12,6
	5,09
	16,26
	0,43
	37,35
	3,03
	7,79

	Mixture composition
	6,92
	12,24
	12,06
	16,5
	1,34
	27,11
	0,001
	13,87
	1,24
	3,02


The mixture of concentrates was fired under conditions of a vibrating layer at temperatures of 550, 600, and 650 oC. The consumption of soda is selected taking into account the binding of all sulfur and 10% excess on the binding of impurities. 

The MAG-6T gas analyzer revealed the presence of carbon monoxide in the exhaust gases in the amount from 1 to 500 mg/m3, and sulfur dioxide SO2 From 1 to 17-18 mg/m3. The content of CO and SO2, depending on the duration of firing, changes according to a pattern similar to that for carbon dioxide. The appearance of carbon monoxide in gases can be explained by the reaction: СО2 =  СО + ½ О2
The presence of low concentrations of sulfurous anhydride in gases (hundreds of times lower than the CO2 content) indicates a complex firing mechanism with successive processes of oxidation of metal sulfides and reactions of interaction of sulfur-containing gases with sodium carbonate. The degree of conversion of sulfide sulfur to sulfate bound in Na2SO4 was estimated by the composition and amount of gases. The degree of transformation depending on the duration and temperature is shown in figure 3.
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Figure 3 - Dependences of the degree of transformation on the temperature and duration of firing of the concentrate mixture
Complete desulfurization of the charge in the vibropulsing layer was achieved in 60-90 minutes at 650-700 oC. Firing at 750 oC revealed the phenomenon of sintering of charge particles and a decrease in desulfurization. The phenomenon of high-temperature granulation of the charge in the vibropulsing layer was revealed, granules with a diameter of 6-8 mm were formed. Sintering of the charge is caused by the formation of low-melting sodium silicates. The formation of low-melting molybdates and tungstates is also known.

The highest values during roasting and subsequent leaching were obtained for temperatures of 650-700 oC. Further increase in the firing temperature and sintering of the charge will lead to a decrease in the extraction of copper and zinc in acid leaching solutions.

The roasting stub was leached with distilled water (W:T=5:1) at a temperature of 50-70   °C and a duration of 30 minutes. The pulp was filtered and the cake was additionally washed with water. The filtrate has a pH value=10-12, the wash water was controlled by the PH value=6. The filtration time was 30-60 minutes.

The water leaching filtrate contains: Na2SO4, Na2CO3, Na2SiO3, Na2MoO4, Na2ReO4, also Na3AsO4, Na3SbO4. The presence of sodium molybdate in the water filtrate was evaluated by the reaction of formation of molybdenum blue.

Keck -1 was leached with a solution of sulfuric acid (180 g/l) at a temperature of 50-70 ° C, duration of 60 minutes. 30% hydrogen peroxide was added to oxidize Cu and Cu2O during acid leaching. The pulp was filtered and keck-2 was washed with hot water. The duration of filtering on the blue filter was 90-120 minutes. The filtrate contains: CuSO4, ZnSO4, FeSO4, as well as an admixture of H2SiO3, etc. Lead and waste rock components were concentrated in sulfate keck -2. 

4 Study of the compositions and properties of oxidation and leaching products, selection and experimental verification of methods for isolation of target products
4.1 The compositions of the products in thermohydrosulfuricus processing for sulfide-soda-sulfate method
The products of roasting, water and acid leaching were analyzed by rapid analysis on a SPARK-1 x - ray fluorescence device. The sulfur content in the stub was calculated by the degree of desulfurization. The content of molybdenum and rhenium was recalculated from the condition that sodium molybdate and perrenate remain completely in the rump.
Table 4.1 - Compositions of the stub after firing with sodium carbonate
	
	The output, g
	The content items based on the analysis of the SPARK-1, %

	
	Cinder
	Fe
	Cu
	Zn
	Pb
	S
	Mo
	Re

	expertise -7 550 oC
	29,42
	5,06
	2,43
	4,61
	4,53
	8,9
	0,457
	0,040

	expertise -8 550 оС
	28,61
	4,81
	2,24
	4,15
	4,10
	8,43
	0,43
	0,037

	expertise -9 550 оС
	29,26
	4,91
	2,42
	4,32
	4,28
	8,91
	0,478
	0,036

	By balance
	27,85
	5,12
	2,39
	4,42
	4,36
	8,98
	0,456
	0.039

	expertise -1 600 оС
	27,56
	4,89
	2,56
	4,21
	3,96
	8,54
	0,467
	0,041

	expertise -2 600 оС
	28,78
	4,77
	2,22
	4,12
	4,06
	8,7
	0,483
	0,039

	expertise -3 600 оС
	28,25
	5,12
	2,78
	4,56
	4,23
	8,82
	0,495
	0.042

	By balance
	28,72
	4,96
	2,31
	4,28
	4,23
	8,7
	0,442
	0,038

	expertise -4 650 оС
	25,69
	5,43
	2,93
	5,12
	5,46
	9,52
	0,492
	0,047

	expertise -5 650 оС
	27,86
	4,8
	2,24
	4,14
	4,09
	8,42
	0,428
	0,037

	expertise -6 650 оС
	26,82
	5,04
	2,78
	5,02
	5,66
	9,94
	0,536
	0,041

	By balance
	24,64
	5,78
	2,70
	4,99
	4,93
	10,1
	0,515
	0,045


Table 4.2 - Compositions of keck -1 after water leaching of the stub
	
	The output, g
	The content items based on the analysis of the SPARK-1, %

	
	cake -1
	Fe
	Cu
	Zn
	Pb
	S
	Mo
	Re

	expertise -7 550 oC
	7,66
	19,96
	7,8
	13,85
	13,86
	
	
	

	expertise -8 550 оС
	6,92
	19,86
	8,85
	16,34
	19,4
	
	
	

	expertise -9 550 оС
	7,5
	19,09
	10,6
	12,97
	21,38
	
	
	

	By balance
	9,22
	15,46
	7,22
	13,35
	13,17
	4,36
	0,074
	0,009

	expertise -1 600 оС
	10,56
	20,55
	7,56
	9,89
	10,99
	
	
	

	expertise -2 600 оС
	9,91
	21,74
	8,65
	10,87
	8,12
	
	
	

	expertise -3 600 оС
	13,93
	15,37
	6,58
	10,37
	6,3
	
	
	

	By balance
	9,38
	15,96
	7,43
	13,77
	13,61
	0,17
	0,12
	0,025

	expertise -4 650 оС
	7,45
	21,42
	8,4
	13,56
	13,5
	
	
	

	expertise -5 650 оС
	7,6
	24,3
	9,57
	14,6
	14,8
	
	
	

	expertise -6 650 оС
	7,40
	23,1
	7,97
	14,7
	15,19
	
	
	

	By balance
	12,95
	20,14
	6,13
	11,45
	11,31
	0,053
	0,062
	0,006


For combined solutions of water and acid leaching, a control quantitative elemental analysis of the atomic absorption spectra was performed using atomic absorption spectrometry on the Savant AA model device. In an aqueous solution, the element content was, mg/l: 0.33 Sb; 8.5 As. This indicates the formation of soluble Arsenates and antimonates during firing. In the acidic solution, the element content was, mg/l: 2315 Cu; 3250 Zn; 2275 Fe; 5,8 As. The presence of SiO2 in these solutions was not detected, which is explained by low firing temperatures.

The results of analysis of acid leaching solutions after each experiment and comparative data from the calculation of balances are shown in table 4.3.

Table 4.3 - Composition of the solution after acid leaching of the keck-1
	Mortar
	The output, g
	Content of analysis elements

	
	mortar
	Fe
	Cu
	Zn
	S

	expertise -7 550 oC
	
	6,40
	7,38
	10,31
	

	expertise -8 550 оС
	
	6,04
	8,25
	11,85
	

	expertise -9 550 оС
	
	4,30
	5,49
	9,03
	

	Out of balance
	126,6
	5,39
	6,29
	10,2
	58,14

	expertise -1 600 оС
	
	6,84
	5,44
	11,34
	

	expertise -2 600 оС
	
	5,71
	6,93
	13,32
	

	expertise -3 600 оС
	
	5,45
	7,23
	10,07
	

	Out of balance
	125,8
	5,68
	6,49
	12,25
	56,48

	expertise -4 650 оС
	
	3,72
	2,84
	10,06
	

	expertise -5 650 оС
	
	7,53
	3,14
	12,81
	

	expertise -6 650 оС
	
	6,09
	5,1
	11,02
	

	Out of balance
	126,2
	5,17
	6,51
	10,74
	56,95


Lead-containing keck-2 was analyzed by x-ray spectral and x-ray phase analysis. Figure 4 and table 4.4 show the results of x-ray phase analysis, which showed the presence of acid leaching of lead sulfate, silica, iron oxide and zinc ferrites in the insoluble residue.
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Figure 4 – X-ray spectral analysis of keck-2
Table 4.4 – X-ray Phase analysis of keck-2
	Compound Name
	Formula
	S-Q

	Lead Sulfate
	Pb(SO4)
	35.6

	Silicon Oxide
	SiO2
	25.6

	Hematite
	Fe2O3
	12

	Zinc Iron Oxide
	(Zn.06Fe0.94)(Fe0.98Zn1.02)O4
	9.3

	Zinc Iron Oxide
	Zn.945Fe1.78O3.71
	9

	Sphalerite, ferroan, syn
	Zn0.825Fe0.175S
	8.5


5 Development of a sequence of technological operations for processing sulfide polymetallic materials and selection of technological equipment
5.1 Results of laboratory studies of roasting a mixture of concentrates in a vibro-boiling layer and processing of roasting products
According to the HSC 8.15 program, the thermodynamics of sulfide reactions was calculated for the accepted firing conditions. Data on the enthalpy of reactions and changes in the Gibbs energy at 800 oC are shown in table 5.1.

Table 5.1 – Changes in the enthalpy and Gibbs energy for the charge components, kJ/mol.
	Compound
	Reaction
	ΔHT
	ΔGT

	CuFeS2
	2CuFeS2 + 4Na2CO3 + 7.5O2(g) = Cu2O + 2FeO + 4Na2SO4 + 4CO2(g)
	-2947,473
	-2241,116

	CuS
	2CuS + 2Na2CO3 + 3.5O2(g) = Cu2O + 2Na2SO4 + 2CO2(g)
	-1351,924
	-1050,704

	Cu2S
	Cu2S + Na2CO3 + 2O2(g) = Cu2O + Na2SO4 + CO2(g)
	-737,480
	-507,779

	PbS
	PbS + Na2CO3 + 2O2(g) = PbO + Na2SO4 + CO2(g)
	-753,599
	-559,977

	ZnS
	ZnS + Na2CO3 + 2O2(g) = ZnO + Na2SO4 + CO2(g)
	-783,399
	-594,176

	As2S3
	As2S3 + 3Na2CO3 + 6О2(g) = As2O3 + 3Na2SO4 + 3CO2(g)
	-2494,463
	-1900,150

	As2S3
	As2S3 + 6Na2CO3 + 7О2(g) = 2Na3AsO4 + 3Na2SO4 + 6CO2(g)
	-2804,552
	-2431,158

	Sb2S3
	Sb2S3 + 3Na2CO3 + 6O2(g) = Sb2O3 + 3Na2SO4 + 3CO2(g)
	-2464,001
	-1902,263

	Sb2S3
	Sb2S3 + 6Na2CO3 + 7O2(g) = 2Na3SbO4 + 3Na2SO4 + 6CO2(g)
	-2582,018
	-2288,205

	MoS2
	MoS2 + 2Na2CO3 + 4.5O2(g) = MoO3 + 2Na2SO4 + 2CO2(g)
	-1734,866
	-1308,392

	MoS2
	MoS2 + 3Na2CO3 + 4.5O2(g) = Na2MoO4 + 2Na2SO4 + 3CO2(g)
	-1684,807
	-1469,781

	ReS2
	ReS2 + 2Na2CO3 + 4O2(g) = ReO2 + 2Na2SO4 + 2CO2(g)
	-1523,450
	-1174,958

	ReS2
	ReS2 + 2.5Na2CO3 + 4.75O2(g) = NaReO4 + 2Na2SO4 + 2.5CO2(g)
	-1783,770
	-1386,571

	FeS2
	2FeS2 + 4Na2CO3 + 7.5O2(g) = Fe2O3 + 4Na2SO4 + 4CO2(g)
	-3006,837
	-2431,987

	FeS2
	FeS2 + 2Na2CO3 + 3.5O2(g) = FeO + 2Na2SO4 + 2CO2(g)
	-1368,133
	-1142,929

	FeS2
	3FeS2 + 6Na2CO3 + 11O2(g) = Fe3O4 + 6Na2SO4 + 6CO2(g)
	-4381,848
	-3599,373

	Fe2O3
	Fe2O3 + Na2CO3 = 2NaFeO2 + CO2(g)
	110,744
	15,605

	CaCO3
	CaCO3=CaO+CO2(g)
	167,619
	12,385

	MgCO3
	MgCO3=MgO+CO2(g)
	87,644
	-81,852

	SiO2
	SiO2 + Na2CO3 = Na2SiO3 + CO2(g)
	68,477
	-64,712

	Al2O3
	Al2O3 + Na2CO3 = 2NaAlO2(ia) + CO2(g)
	-100,783
	111,556


The results of calculations for molybdenum, rhenium, arsenic, and antimony show that under conditions of oxidative firing, sulfides and oxides of these metals in the presence of sodium carbonate can form molybdate, perenate, arsenate, and antimonate, as well as oxides. Given the good solubility of sodium molybdate and sodium perenate in water, it can be assumed that during water leaching of the stub, these rare metals can be separated from the main non-ferrous metals, iron and waste rock components. Arsenic and antimony compounds can also pass into aqueous solutions.

Experiments were carried out on firing a mixture of concentrates under conditions of a vibro-boiling layer at temperatures of 550, 600, and 650 oC. The firing charge consisted of a mixture of 10*10-3 kg concentrates and 9.9*10-3 kg soda ash. The consumption of soda was selected taking into account the binding of all sulfur and 10% excess on the binding of impurities. Taking into account the firing time of 120 minutes, the air consumption was 34*10-3 m3/h. Air was supplied to the reactor using a microcompressor. The reactor waste gases were analyzed for the content of CO2, CO, and O2. The composition and amount of gases were used to estimate the degree of conversion of sulfide sulfur to sulphate sulfur - bound in Na2SO4.

The resulting stub after firing was leached with water (distilled), at W:T = 5:1, temperature 50-70 oC, duration 30 min., the pulp was filtered and after the filtrate-1 was taken into the container, the cake was additionally washed with water, the filtration time on the blue filter was 30-60 minutes. The water leaching filtrate contains: Na2SO4 and Na2CO3 residue, as well as impurities: Na2SiO3, Na2MoO4, Na2ReO4, Na3AsO4, Na3SbO4. 

The presence of sodium molybdate in the water filtrate was evaluated by the reaction of the formation of molybdenum blue after neutralization of an aqueous solution from pH=8-9 to pH =3-4 with a solution of sulfuric acid and subsequent reduction of the resulting molybdenum acid with metallic iron by the reactions:

Na2MoO4 + H2SO4 = Na2SO4 + H2MoO4



(5)

H2MoO4 + Fe = MoO2 + FeO + H2O




(6)

The yield of cake-1 from water leaching was (7-8) *10-3 kg. The resulting cake-1 was leached with a solution of sulfuric acid, the amount of acid solution with a concentration of 180 kg/m3 is 100 ml, the temperature is 50-70 ° C, and the duration is 60 minutes. To oxidize Cu and Cu2O during acid leaching, 10 ml of 30% hydrogen peroxide was added. The pulp was filtered and after the filtrate was removed in the container, the keck -2 was washed with hot water. The duration of filtering on the blue filter was approximately 90-120 minutes. The filtrate contains: CuSO4, ZnSO4, FeSO4, perhaps H2SiO3, H2MoO4, H2ReO4, also possible H3AsO4, H3SbO4.

The products of roasting, water and acid leaching were analyzed by rapid analysis on a SPARK-1 x - ray fluorescence device. Based on the results of analysis for the main components of Cu, Pb, Zn, Fe and desulfurization estimates for the content of S, the author's Balance program was used to calculate the material balances and distribution of components. Table 5.2 shows the indicators of the consolidated balance obtained for firing the charge at 650 oC.

Table 5.2 - Balance of charge firing at 650 oC, water and acid leaching of the stub
	Acted
	кг*10-3
	Cu
	Pb
	Zn
	Fe
	Mo
	Re
	S
	C
	O2
	Пр.

	1. Charge СК
	10
	0,67
	1,22
	1,23
	1,43
	0,13
	0,01
	2,5
	0
	0
	2,83

	Content, %
	
	6,65
	12,15
	12,3
	14,25
	1,27
	0,11
	25
	0
	0
	28,27

	2. Soda Na2CO3
	9,94
	0
	0
	0
	0
	0
	0
	0
	1,125
	1,08
	7,74

	Content, %
	
	0
	0
	0
	0
	0
	0
	0
	11,32
	10,83
	77,85

	3.Air
	51,17
	0
	0
	0
	0
	0
	0
	0
	0
	10,95
	40,22

	Content, %
	
	0
	0
	0
	0
	0
	0
	0
	0
	21,4
	78,6

	4. Water
	150
	0
	0
	0
	0
	0
	0
	0
	0
	133,4
	16,65

	Content, %
	
	0
	0
	0
	0
	0
	0
	0
	0
	88,9
	11,1

	5. solution H2SO4 
	111
	0
	0
	0
	0
	0
	0
	6,51
	0
	88,13
	16,36

	Content, %
	
	0
	0
	0
	0
	0
	0
	5,86
	0
	79,4
	14,74

	6. solution H2O2
	11,12
	0
	0
	0
	0
	0
	0
	0
	0
	10,06
	1,06

	Content, %
	
	0
	0
	0
	0
	0
	0
	0
	0
	90,46
	9,54

	TOTAL
	343,23
	0,67
	1,22
	1,23
	1,43
	0,13
	0,01
	9,01
	1,13
	243,6
	84,86

	Received
	кг*10-3
	Cu
	Pb
	Zn
	Fe
	Mo
	Re
	S
	C
	O2
	Пр.

	1. Firing gases
	42,87
	0
	0
	0
	0
	0
	0
	0
	0,394
	1,68
	40,8

	Content, %
	
	0
	0
	0
	0
	0
	0
	0
	0,918
	3,92
	95,16

	Extraction, %
	
	0
	0
	0
	0
	0
	0
	0
	34,98
	0,69
	2,41

	2. solution Na2SO4
	161,61
	0
	0
	0
	0
	0,13
	0,01
	3,42
	0,73
	141,2
	16,15

	Content, %
	
	0
	0
	0
	0
	0,08
	0,01
	2,11
	0,45
	87,36
	10,0

	Extraction, %
	
	0
	0
	0
	0
	98,3
	95,9
	37,9
	65,0
	57,9
	35,8

	3. Кек-2 КВ
	3,50
	0,1
	1,22
	0,11
	0,89
	0,01
	0
	0,31
	0
	0,46
	0,41

	Content, %
	
	2,86
	34,71
	3,26
	25,48
	0,05
	0,01
	8,80
	0
	13,05
	11,77

	Extraction, %
	
	15,07
	100
	9,28
	62,6
	1,34
	4,06
	3,42
	0
	0,19
	0,91

	4. solution MeSO4
	135,24
	0,57
	0
	1,12
	0,53
	0
	0
	5,28
	0
	100,2
	27,5

	Content, %
	
	0,42
	0
	0,83
	0,39
	0
	0
	3,91
	0
	74,12
	20,33

	Extraction, %
	
	84,93
	0
	90,73
	37,41
	0,36
	0
	58,65
	0
	41,16
	60,9

	TOTAL
	343,22
	0,67
	1,23
	1,23
	1,43
	0,13
	0,01
	9,00
	1,13
	243,6
	84,86


When baking concentrates with soda and water leaching of the stub, Mo and Re are extracted into a solution of sodium sulfate at 98.3 and 95.9 %. Copper and zinc are extracted into the acid leaching solution by 84.9 and 90.7 %, iron passes into the solution by 37.4% and into the cake by 62.6 %. Lead remains completely in the acid leaching cake.

5.2 Development of a scheme for processing sulfide polymetallic concentrates using sulfide-soda-sulfate technology
The conducted literature analysis, patent search, thermodynamic, kinetic and technological research allowed us to develop a technological scheme for collective concentrates, the main processing stages of which are: 

– preparation of a granular charge concentrates in a mixture with soda;

– low-temperature firing without release of sulfur-containing gases;

– water leaching to produce solutions of sodium sulfate and cake containing non-ferrous metal oxides;

– acid leaching of cake-1 to produce a solution containing copper, zinc and iron, as well as lead-containing cake with an admixture of precious metals;

– carbonation and melting of lead cake to metal.

To develop the hardware and technological scheme for processing collective concentrates using the sulfide-soda-sulfate technology and select acceptable equipment, a conditional concentrate capacity of 100 t/day was selected, and calculations were made for 100 kg of concentrate to assess material balances.

The technological scheme can be implemented in various hardware design of the charge firing process. Laboratory studies were carried out with preliminary granulation of the charge and subsequent firing of pellets, and in order to reduce operations, experiments were conducted on direct firing of the dispersed charge in a vibrating layer apparatus. In both variants, the required desulfurization indicators and indicators of subsequent hydrometallurgical processing of the stub are achieved.

In the variant with pre-granulation of the charge and oxidative firing of pellets, it is possible to use granulation equipment and an analog of mine furnaces for reducing firing of pellets in ferrous metallurgy (Purofer process, etc.). the difference is the oxidative atmosphere during processing of granulated sulfide concentrate and the need to supply air or oxygen-enriched blast through the furnace tuyeres.

When firing granulated raw materials, it is necessary to take into account that the finished pellets have a humidity of 10-12%. When loading wet pellets into the kiln, it is necessary to supply air as a drying agent and take into account the cost of heat for evaporation of moisture. Therefore, calculations of the material and heat balances of the firing unit in the form of a mine-type apparatus were carried out.

The practical implementation of the proposed technology requires research and development and can be implemented in various hardware design options: roasting the charge; water leaching of the stub; processing of sodium sulfate solution with associated extraction of rare metals (Mo, Re);acid leaching of cake containing copper, zinc and iron; processing of acid leaching solutions with extraction of copper, zinc (electroextraction, ion exchange, extraction; processing of lead-containing sulphate cake by acid leaching with preliminary carbonation of the cake in soda solution and subsequent melting into rough lead with associated extraction of precious metals.

Further promotion of the proposed technology requires the interest of non-ferrous metallurgy enterprises and R & d.
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Figure 5.1 - Schematic diagram of processing of polymetallic sulphide concentrates
In this paper, we have developed 2 draft options for firing the charge with soda ash. This head operation is crucial for the processing scheme of low-quality polymetallic concentrates and generally determines the technical and economic indicators of the technology. The equipment was calculated using 2 hardware schemes: firing of granulated charge in a vertical shaft-type apparatus; firing of dispersed charge in a vibro-boiling layer reactor.

5.3 Hardware and technological scheme for processing concentrates with pre-granulation of the charge
When developing the hardware and technological scheme, for the purpose of calculating the main devices, the composition of the charge based on a mixture of concentrates, studied at the stage of work in 2019, was adopted.

Table 5.3 - Сomposition of the concentrate mixture
	Material
	Weight, t
	Content, %

	
	
	Cu
	Pb
	Zn
	Fe
	Mo
	S
	Re
	SiO2
	CaO
	MgO
	Al2O3

	Sulphide concentrate
	100
	6,92
	12,24
	12,06
	16,53
	1,34
	27,11
	0,001
	13,87
	1,24
	0,8
	3,02


Sulphide of lead, copper and zinc concentrates obtained by the flotation of polymetallic ores contains impurities of arsenic and antimony. According to GOST R 52998-2008, the mass fraction of arsenic in all grades of copper concentrate should not exceed 0,6 %. The arsenic content in lead concentrates is approximately 0,06-0,63 %, and antimony 0,03-0,19 %. To assess the distribution of these metals by technology products, the average content in the sulfide concentrate As 0,35%, Sb 0,11 %.
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Figure 5.2 – Hardware and technological scheme for firing granulated charge
All calculations of material and heat balances per 100 kg of concentrate, and calculations of experimental equipment for the conditional capacity of 10 tons/day for concentrate are given in Appendix A.

In accordance with the known methods, the calculation of the rational composition of the concentrate is necessary for evaluating the possibility of reactions, product yield, and determining the enthalpy of Exo - and endothermic processes used in the calculations of heat balances and energy costs (table-A1).

Earlier reports in 2018-2019 showed that when firing sulfide materials in a mixture with soda ash, thermodynamically most favorable schemes with the formation of oxides and metals with the binding of sulfur to sodium sulfate and the release of carbon dioxide:

MeS2 + 2 Na2CO3 + 3,5 O2 = MeO + 2 Na2SO4 + 2 CO2 

(7)

MeS2 + 2 Na2CO3 + 3 O2 = Me + 2 Na2SO4 + 2 CO2   

         (8)

MeS + Na2CO3 + 2 O2 = MeO + Na2SO4 + CO2   

   (9) 

MeS + Na2CO3 + 1,5 O2 = Me + Na2SO4 + CO2  

   (10)

Taking into account possible reactions, dependences were found for calculating the consumption of soda, oxygen, and air by the sulfur content in the concentrate:

QNa2CO3 = 3,3125 * S kg.;      QO2 = 2,0* S , кг  ;     Vair = QO2/(0,23*d)  (11)

Where S – the sulfur content of the concentrate (%weight); 0,23 - weight fraction of oxygen in the air; 

d=1,29 kg/m3 air density.
The practical consumption of soda, taking into account the 10% excess of 10 tons of concentrate per day, is 9.88 tons. The required equipment for storing and feeding the charge components is calculated taking into account the conditional productivity:

– Hopper of charge concentrates VB.K = 35.6 m3;

– Soda ash hopper VB.C = 87.82 m3;

– Concentrate hopper vibrating feeder with flow rate Q1 = 10 t/h or V1 = 4.0 m3/h

– Soda hopper vibrating feeder with flow rate Q2 = 9.88 t/h or V2 = 9.88 m3/h;

– Mixer (screw) with capacity Q3 = 19.88 t/h or V3 = 13.88 m3/h;

For the 1st variant of the scheme with firing of granulated charge, additional equipment is required, including: Poppet granulator and charge humidification system (tank, pump, injectors).

Poppet granulator. The granulation process receives a concentrate with a moisture content of 3%. The amount of wet concentrate is 10*1.03 = 10.3 t/hour. The concentrate is mixed in a screw mixer with the calculated amount of soda ash. Granulation is carried out when the charge is moistened to 10-12%. The finished pellets are fed by a belt conveyor and Elevator to the hopper of the roasting machine. The bulk weight of the pellets is approximately 1.5-1.7 t/m3. The volume of the hopper for 8-hour productivity will be: VB.g = 143.8 m3.

Concentrate, soda and granule bins can be made from structural steel on site. Equipment in the form of feeders, conveyors and granulators are manufactured at industrial enterprises in the form of various models. An example of a vibrating feeder and granulator is shown in figures 5.1-5.2.
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Figure 5.3 - Vibrating feeder PEV 180/100x600-6 company Mehmashstroy capacity 6 m3/h, material size 0.5-10 mm with a bulk weight of 1.5-1.7 kg/m3, weight 32 kg, tray length 600 mm, tray width 180 mm amplitude 0.2 mm, drive VEM-L1. (http://mehmashstroy.ru/catalog/vibrooborudovanie/vibropitateli/)
[image: image8.png]



Figure 5.4 - Poppet granulator LLC "Dzerzhinsktehnomash" type T-300, Poppet diameter 3000 mm, side height 600 mm, L*B*H = 3480*3650*3900, weight 7400 kg, power 15 kW, capacity 4.0-12.0 t/h. (dtmash@yandex.ru )

5.4 Drying and firing of pellets in a vertical mine - type reactor
The sintering process is proposed to be carried out in a vertical reactor, with hot air supplied to the lower zone through tuyeres as a heat carrier and oxidizer.

A sketch of the granulated charge firing reactor is shown in figure 5.5.
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Figure 5.5 - Reactor, calcining the granules of the charge

The unit height can be divided into the following zones (top-down):

– Zone for drying pellets with exhaust gases at temperatures of 100-150 oC;

– Heating zone for dry pellets with temperatures of 150 – 500 oC;

– Zone of reactions and sintering of granules with temperatures of 500 - 850 oC;

– The cooling zone of the sintering temperatures 850-300 oC;

– The discharge area of the sintering with temperatures of 300-100 oC.

The calculation of the roasting reactor is based on calculations of material and heat balances by zones and is given in Appendix B.

The duration of the granules in the sintering zone from the conducted studies is assumed to be 120 minutes. Wet pellets have a crushing strength of 2-3 kg/granule. As the moisture is dried and removed, the strength of the granules increases to 6-8 kg/granule and increases to 15-20 kg/granule during sintering. Taking this factor into account, a mine of variable cross-section was adopted. 

The sintering zone receives dry granules in the amount of RSG = 10 + 9.88 t/h. The cross-sectional area in the sintering zone is assumed to be 5 m2. When loading 19.88 t/h or V=19.88/1.5=13.25 m3 of dry pellets, the rate of discharge of the charge (discharge of pellets) will be:

Wг = (13, 25/5) = 2,65 m/h
Height of the sintering zone at the accepted firing time (2 hours)
NSP = 13.25*2/5 =5,3 m; radius R = (5/3,14)1/2  =   1,26 m.

Taking into account the thickness of the insulation 0.3 m and the wall 0.01 m the outer diameter of the device will be (1,26 +0,3+ 0,01) *2 = 3,14 m
The calculation of drying granules was carried out using the I-X Ramzin diagram. Based on this calculation, it was found that it is necessary to supply dry air to the reactor:

L = 75278 kg/h or 58355 nm3/h
На реакции сульфидной шихты с содой, при заданной производительности 10 т концентрата в час теоретический расход воздуха составит:

Vair = 6,74 *S = 18272 m3/h
Thus, it was found that the theoretical consumption for the reaction of sulfides with soda is 3 times less than the required for drying. To reduce the air consumption in the firing reactor, it is necessary to pre-dry the pellets, since a large air consumption in the firing zone will lead to unjustified costs of thermal energy.

The internal radius of the reactor in the drying zone is 25% larger than the diameter (R1=1,26 м) in the sintering zone R2 = 1,25* R1 = 1,575 mi the cross-sectional area in the drying zone will be

S1 =
[image: image10.wmf]p

* R12 = = 7, 79 m2

The volume occupied by pellets in the drying zone per hour is:

V1 = ((G1+G2)/2) / ( (
[image: image11.wmf]1

g

+
[image: image12.wmf]2

g

) /2) = 13,27 m3

The height of the reactor in the drying zone:

H1 = V1/S1 = 13, 27 / 7, 79 = 1, 7 m
The rate of charge run-off in the reactor W = 1,7 = m/h 
The thermal balance of the pellet heating zone is provided by the heat of hot gases coming from the sintering zone at a temperature of 750 oC. Taking into account the material balance of the process and the amount of gases, the calculation of the heating zone of pellets was carried out:

– volume of pellets in the heating zone per hour capacity V2 = 11.1 m3;

– the height of the reactor in the heating zone will be H2 = V2/S2 = 2.22 m;

– at the rate of discharge of the charge in the reactor WSH = 2.65 m/h, the duration of stay of pellets in the heating zone t2 = 0.84 hours.

The thermal balance of the sintering (firing) zone of granules is provided by the heat of the supplied air blast, heated from 20 to 500 oC due to cooling of hot granules in the lower cooling zone and exothermic reactions of sulfide oxidation in the presence of sodium carbonate. The total heat input in the zone of intensive firing of pellets is Qcoming = Q1 + Q2 = 1276203 kilojoule, a total heat consumption including losses to the environment Qexpenditure = 927163,8 kilojoule.

According to calculations of the heat balance per 100 kg of concentrate in granules in the sintering zone an excess of heat is obtained equal to:

Q =  Qcoming - Qexpenditure= 349039,2 kilojoule
When removing excess heat from the sintering zone due to water-cooled caissons, the amount of cooling water per 100 kg of concentrate can be determined using a simplified scheme:

MH2O = Q /(CH2O * (t2-t1)) = 1192 kg
5.5 Conclusions:

1 The selection of technological and hardware-technological schemes for processing sulfide collective concentrates using the sulfide-soda-sulfate technology, which allows binding all the sulfur of concentrates into sodium sulfate removed by water leaching of the stub at the head of the process.

2 An Aqueous solution of sodium sulfate after extraction of soluble compounds of rare metals (Mo, Re), purification from harmful arsenic impurities can be used for the release of sodium sulfate or directed to the regeneration of soda by electrodialysis and carbonation methods with the removal of sulfur in the form of sulfuric acid.

3 The calculation of the technological scheme devices for the conditional productivity of 10 tons/hour concentrate, which can be used in the design and practical use of the technology.

4 Calculations of the mine-type firing apparatus showed that the process, even in the case of firing wet pellets with a 3-fold air blast consumption to ensure the removal of moisture from the pellets in the upper drying zone, is an autogenic process that does not require heat energy.

6 Development of hardware and technological scheme and creation of a bench installation for the oxidation of sulfide materials in a pulsating layer
6.1 Application of vibrating layer apparatuses in modern technology
The use of vibration in engineering has made it possible to create a number of devices for transporting materials (vibroconveyors, vibratory feeders), screening and screen analysis (vibratory screens, vibrating screens), construction (vibration rammers, vibropress equipment) that have significantly increased productivity while reducing energy costs and process efficiency.

In technological processes, the use of vibration technology is still limited to the processes of abrasive processing of parts (galtovka) and drying of fine materials, and in metallurgy, a method and apparatus in the form of a shaft furnace for nitriding steel in a layer of vibro-boiling powder was proposed [26,27,28].

In this paper, it is proposed to use an aggregate with a vibro-boiling layer when firing a fine sulfide charge. In metallurgy, fluidized bed kilns are widely used, due to the supply of air to the layer of granular material at a speed of 0.014-0.022 m/s. However, CS furnaces in non-ferrous metallurgy have a significant drawback, which consists in a significant dust removal, and, accordingly, in the need for an expensive gas-flue and dust-collecting system.

Also in the work [29] devoted to the drying of ion exchange resins of nuclear power plants, it is noted that despite the advantages of the fluidized bed, it has a number of significant disadvantages:

– the fluidized bed is created only at certain gas and liquid velocities, which in some cases are far from optimal for the course of the physical and chemical process;

– the fluidized bed makes it impossible to work with a material of a wide granulometric composition.

– it is not possible to bring the layer of some materials to a boiling state at all, which is especially typical for particles that are prone to aggregation.

The authors also note that the use of devices that create a vibro-boiling layer makes it possible to organize good mixing of bulk materials and significantly approach the limit case of creating a reactor with an ideal displacement or a homogeneous reaction zone. Under the conditions of a vibro-boiling layer, the inhibitory effect of external diffusion micro - and macro-factors is reduced, which favors an increase in the coefficients of heat and mass transfer.

Figure 6.1 shows an example of a vibrating dryer for dispersed materials.
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Figure 6.1 - Vibro-boiling layer Dryer

 "The dryer is a resonant oscillating system. Oscillating parts (body and cover) under the influence of two Electromechanical vibrators, forced vibrations with a given amplitude, frequency and vibration angle are performed. The initial product (IOS) enters through the loading pipe into the dryer, where, under the influence of vibration, it is evenly distributed on the perforated sheet, dried and transported to the side of the discharge pipe, through which it is discharged into the container NZK-150-1.5 P (IOS). The hot process air that enters through the coolant supply pipes into the device then passes through the holes in the perforated sheet and the layer of the product on it. As a result of intensive heat exchange between air and product particles (IOS), it is dried. The exhaust air is diverted through the suction pipe for cleaning. The amplitude of vibrations is regulated by turning the debalances of vibrators...." [29].

6.2 Firing of the dispersed charge in a vertical shaft-type reactor with a vibro-boiling layer
The conducted research on the firing of sulfide charge in a laboratory reactor of a vibropulsing (vibrociping) layer proved the possibility of using the process in the sulfide-soda-sulfate technology, which allows reducing the air blast consumption to the theoretically necessary level. Reducing the flow rate of the blast with the intensification of mixing significantly reduces dust removal, and reduces the cost of the dust collection system, allows you to get waste gases with a high content of carbon dioxide, used for the regeneration of soda from an alkali solution. 

For the process of firing in a vibro boiling layer, 2 types of devices are applicable:

– Vibro-platform reactor;

– Stationary reactor with a mobile vibrating element.

Figures 6.2 and 6.3 show the proposed designs for these reactors.

The disadvantages of this reactor on a vibration platform are:

1. Must be subjected to a vibration of the entire structure, including the furnace lining;

2. Significant power consumption;

3. The possibility of rapid destruction of the unit.
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1 - furnace shaft with lining; 2 - reactor cover (arch); 3 - shock absorbers (springs); 4 - vibrator platform; 5 - vibrator; 6 - gas flue; 7 - charge hopper; 8 - air supply lance; 9 - perforated plate; 10 - tube; 11 - discharge of the stub.

Figure 6.2 – The Reactor for the vibra
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1 - furnace shaft with lining; 2 - reactor cover (arch); 3 - shock absorbers (springs); 4 - vibrator platform; 5 - vibrator; 6 - gas flue; 7 - charge hopper; 8 - air supply lance; 9 - perforated plate; 10 - tube; 11 - discharge of the stub
Figure 6.3 – Reactor with a vibrating grid (disk)


In comparison with a reactor on a vibrating platform, a stationary reactor in which a disk (grid) is subjected to vibration has the following advantages:

– The stationary furnace shaft is made of ordinary materials.

– The furnace can be heated by electric heating elements, or hot air can be blown in, and the charge can have a natural humidity (2-4%).

– Low noise level from the vibrator mounted on the vault.

– Low power consumption mainly for vibration of the disc and rod-tube

– Feeding the blast under the perforated disc increases the aerodynamic effect that helps maintain the fluidized bed.

– Loading the charge and unloading the stub as in a conventional fluidized bed furnace.

– Higher height of the vibro-boiling layer with lower blast consumption.

The presence of segregation by size and the rise of larger particles in the discharge zone solves the problem of increasing the temperature when firing the charge with soda.

When creating a reactor, it is necessary to take into account the design requirements:

The lance rod is used for transmitting vibrations and air to the reactor, can be heated to process temperatures of 700-750 oC, and is made of heat-resistant steel.

The perforated grating disc is made of heat-resistant steel.

The dust filter is made in the form of a grid (possibly multi-layer).

In addition you need to solve the following tasks:

1. Check the possibility of creating a vibro-boiling layer in a stationary crucible under laboratory conditions on a charge of various sizes without feeding and with blowing.

2. To calculate the exciter for laboratory reactor.
3. Check the applicability of various vibration platform shock absorbers (springs, hollow and solid rubber pads, etc.).
4. Calculate the thermal and material balances and blast flow for sulfide charges.

5. Calculate the flow of material and performance for vibration transport.

6.3 Hardware and technological scheme of firing in vibro-pulsating layer aggregates
The use of a vibropulsing (vibro-boiling) layer of dispersed charge will significantly reduce and simplify the scheme by eliminating the operation of granulating the charge, reduce the consumption of the blast required for removing moisture during drying, reduce the amount of exhaust gases and the cost of the gas flue system. In addition, using the excess heat of exothermic processes due to cooling systems will generally reduce energy costs.

For the process of firing a mixture of concentrates in a vibro-boiling layer, technological calculations were carried out, the results of which are given in Appendix C. for comparison with the firing of granular charge, similar data on the composition of the charge and the concentrate productivity equal to 10 t/h were accepted. For completeness of the processes during firing, an excess of air of 20% is accepted, and an excess of soda of 10% of the theoretical one. The practical consumption per 100 kg of concentrate was: air V1 = 219.3 m3 = 170 kg; soda P1 = 98.8 kg.

According to the available program, the material balance of the firing process without preliminary granulation of the charge is compiled, shown in table 6.1.

Table 6.1 - Reduced material balance of firing the charge in the vibro-boiling layer.

	 Materials received
	Total, kg

	
	Dry material
	Including moisture

	1. A mixture of concentrates with moisture
	100
	103

	2. Soda ash
	98,8
	98,8

	3. Air blast with moisture
	170
	171,53

	TOTAL
	368,8
	373,33

	The products obtained
	Всего, кг
	

	1. Cinder
	196,12
	196,12

	2. Waste gas
	172,63
	177,16

	   СО2
	39,65
	39,65

	   О2
	2,18
	2,18

	   N2
	129,14
	129,14

	   H2O
	-
	4,53

	   Пр.
	1,66
	1,66

	TOTAL
	368,75
	373,36

	Discrepancy
	-0,05
	-0,03


According to the calculations, a preliminary heat balance of firing in a vibro-boiling layer is compiled, which is shown in table 6.2, which allows us to answer the question about the energy of the process.

Table 6.2 – Preliminary thermal balance of the VKS reactor
	Zone
	The arrival of the heat
	kj
	Heat consumption
	kj

	1.Drying

2.Preheating

3.Firing

4.Cooling
	1.physical heat of the concentrate
	1751,0
	1. The heat of the candle
	116259,94

	
	2.the physical heat of soda
	2156,02
	2.The heat of exhaust gases
	191244,22

	
	3.Physical heat of the air
	3447,75
	3. Heat endothermic reactions
	8520

	
	4. The heat of exothermic reactions
	762970
	4. The heat of evaporation of the charge
	6774

	
	
	
	4. Heat loss in the drying zone, 15 %
	56964,38

	total
	770324,77 
	
	379762,54


From the preliminary heat balance, it follows that during the firing of a sulfide concentrate with soda in a vibro-boiling layer, the heat input due to exothermic reactions is more than 2 times greater than the heat consumption. To maintain a constant temperature, it is necessary to remove excess heat in the amount determined from the heat balance equation. The heat balance equation has the form:

Qcooling + 379762,54= 770324,77 kJ
where from   Qcooling = 390562,23 kJ per 100 kg of concentrate

When the reactor is cooled by water-cooled caissons, we assume temperatures at the inlet of the caisson t1 =20 oC and at the outlet of the caisson t2 = 90 oC. The mass of water for cooling per 100 kg of concentrate will be at the heat capacity of water Cp = 4,184 kJ/kg
M*C1p*t2 –M*C2p*t1 = Qcooling
M= Qcooling/((t2-t1)*4,184) = 1333,5 kg.
6.4 Calculation of a stationary reactor with a vibration disk
The authors of the Handbook [28] note that the implementation of many technological processes in a boiling and vibro-boiling layer significantly accelerates the processes, increases performance, and reduces the size of the equipment. Vibracije layer provides a number of advantages-weighted and fluid-bed: a sharp reduction or elimination of the removal of small particles by a gas or liquid flow, optimum flow rate of gas or fluid technology requirements, etc.

Intensive vibration mixing in the liquid is also possible due to the vibration jet effect created by the symmetrical vibration of the disk with conical holes. Such holes provide much greater resistance to the flow of liquid in the direction of expansion and a flooded jet escapes from a narrow hole. The total cross-section of the holes on the side of the resulting jets is 10-15% of the disk area. Intensive mixing of the liquid occurs when the amplitude of the disk speed is about 0.5 m/s with a frequency of 25-100 Hz. The diameter of the disk for liquid media is not more than half the diameter of the chamber.

It is recommended to provide 1 m2 of disk area for 7 m3 of the useful volume of the device, and the power for disk vibration at a speed amplitude of 0,6 m/s in low-viscosity suspensions is about 5 kW.

Calculation of the approximate weight of the suspended vibration exciter. Take the disc diameter D1 = 1000 mm, thickness 10 mm; the outer diameter of the rod D2 = 60 mm, inner D3 = 30 mm, the height of the rod H1=2.5*D1 = 2500 mm. Let's also take the mass of the vibration motor with mounting and shock absorbers equal to the sum of the masses of the disk and rod. 

Weight of the perforated disk М1= (3,14*(0,5)2*0,01*7,83= 0,0615 т;

Weight of the stem-pipe М2 = (3,14*(0,06-0,03)2*2,5*7,83= 0,0553 т;

The mass of the vibration moto М3 = М1+М2 =0,0615 + 0,0553 = 0,1168 т; 

Approximate mass of the oscillating part М4 = М1+М2+М3 = 116,8*2 =233,6 кг. 

the load weight to be equal to  Мdw = 198,8 kg. 

98.8 kg of soda ash is required per 100 kg of concentrate.

The volume of the fixed loading layer with a bulk mass of concentrate of 2300 kg/m3 and a bulk mass of soda ash of 1000 kg/m3 will be:

V0 = M/r = 100/2300 + 98,8 / 1000 = 0,0435 + 0,0988 = 0,1423м3
The loading height in a fixed layer is:

H2 = V0/ F1 = 0,1423 /(3,14*(0,5)2)=0,1423/0,785 =0,181 м = 18,1 sm.

Height of the vibro-boiling layer of fine charge

H3 = 2*H2 = 18,1*2 = 36,2 sm.

This corresponds to the porosity of the fluidized bed of granular materials 

(КС)E = (Vc – Vm)/ Vc  = 0,4 – 1

When air is supplied through the stem pipe under the disc, a vibration-jet effect will occur, and the layer volume may increase by another 50-100%. It is also necessary to take into account that at different particle densities, particles with a lower density float into the upper layers. At the same density, larger particles are collected in the upper layers. Under certain vibration conditions, lighter particles are immersed in the lower layers [28].

6.5 Conclusions:

1 Design versions of the technology and thermal balances for firing options with pre-granulation of the charge and firing pellets in a mine-type apparatus, as well as firing non-granulated charge in vibro-boiling layer reactors are Calculated.

2 Burning of sulfide concentrate with soda in the apparatus of the vibrating boiling layer is autogenic, flowing with a significant excess of heat, to maintain the set firing temperature, the reactor must have cooling caissons.

3 In the presence of refractories resistant to sodium alkali and sulfate melts, autogenous melting with the separation of sodium sulfate and rich slag is possible. 

CONCLUSION

Summary of research results. 

The technology for processing collective concentrates containing non-ferrous metals and related valuable components uses oxidative roasting with soda ash, water and acid leaching of stub and cake. To study the distribution of valuable components, a thermodynamic analysis of reactions in the metal sulfide – sodium carbonate – oxygen systems for copper, zinc, lead, and iron-molybdenum sulfides was performed. rhenium, arsenic, antimony.

A mixture of concentrates was fired in a vibro-boiling layer at temperatures of 550, 600, and 650 oC. The stub was leached with water at F:T =5:1, temperature 50-70 oC, duration 30 min. The resulting cake was leached with a sulfuric acid solution with a concentration of 180 kg/m3 at a temperature of 50-70 ° C and a duration of 60 minutes. To oxidize Cu and Cu2O during acid leaching, 10 ml of 30% hydrogen peroxide was added. The products of roasting, water and acid leaching were analyzed using a SPARK-1 x-ray fluorescence device. Based on the results of the analysis for the main components of Cu, Pb, Zn, Fe and desulfurization estimates for the content of S, the material balances and distribution of components were calculated.

When baking concentrates with soda and subsequent water leaching of the stub, Mo and Re are extracted into a solution of sodium sulfate at 98.29 and 95.94%. Copper and zinc are extracted into the acid leaching solution at 84.93 and 90.73%, and iron passes into the solution at 37,41% and into the cake at 62.6%. The lead remains completely in the acid leach cake.The results of x-ray phase analysis showed the presence of acid leaching of lead sulfate, silica, iron oxide and hard-to-leach zinc ferrites in the cake.

The conducted literature analysis, patent search, thermodynamic, kinetic and technological studies allowed us to develop a technological scheme for collective concentrates and industrial products containing copper, zinc and lead, the main processing stages of which are: preparation of a granular charge of concentrates mixed with soda; low-temperature firing without the release of sulfur-containing gases; water leaching to obtain solutions of sodium sulfate and cake containing non-ferrous metal oxides; acid leaching of cake-1 to obtain a solution containing copper, zinc and iron, as well as lead - containing cake with an admixture of precious metals; carbonation and melting of lead cake to metal. 

In both variants - when firing pellets, as well as direct firing of the dispersed charge in the apparatus of the vibropulsing layer, the required indicators of desulfurization and indicators of subsequent hydrometallurgical processing of the stub are achieved.

The technological scheme can be implemented in various hardware design of the charge firing process. To develop the hardware and technological scheme for processing collective concentrates using the sulfide-soda sulfate technology and select acceptable equipment, a conditional concentrate capacity of 100 t/day was selected, and calculations were made for 100 kg of concentrate to assess material balances.

Development of 2 draft versions of charge firing with soda ash was carried out. This head operation is crucial for the processing scheme of low-quality polymetallic concentrates and generally determines the technical and economic indicators of the technology. Thermal balances of firing of pre-granulated charge, as well as firing of non-granulated charge in vibro-boiling layer reactors are calculated.

Firing granulated materials requires increased air consumption from the conditions of drying pellets, but in General proceeds with an excess of heat. Roasting of sulfide concentrate with soda in a vibro-boiling layer is autogenic, occurring with a significant excess of heat. to maintain the set roasting temperature, the reactor must have cooling caissons. In the presence of refractory materials resistant to sodium alkali and sulfate melts, autogenous melting with the separation of sodium sulfate and rich slag is possible.

Assessment of the completeness of the solution of tasks. In accordance with the calendar plan for 2018-2020, the work on the planned stages has been fully completed:

Recommendations. The practical implementation of the proposed sulfide-soda –sulfate technology after experimental development can be implemented in various hardware design options: roasting the charge; water leaching of the stub; processing of sodium sulfate solution with associated extraction of rare metals (Mo, Re); acid leaching of cake containing copper, zinc and iron; processing of acid leaching solutions with extraction of copper, zinc (electroextraction, ion exchange, extraction); processing of sulphate lead-containing acid leaching cake with preliminary carbonation of the cake in soda solution and subsequent melting into rough lead with associated extraction of precious metals.

Further promotion of the proposed technology requires the interest of non-ferrous metallurgy enterprises and R & d.

Assessment of the scientific and technical level. Patent of the Republic of Kazakhstan No. 33152, 01.10.2018 for sulfide-soda-sulfate technology for processing sulfide materials was obtained. 3 articles published in rating publications: 

1. Dauletova A. A., Baimbetov B. S., Aitenov K. D., bekisheva A. A. investigation of the leaching process of metal sulfides in the presence of alkali Metal salts.// Mining journal of Kazakhstan, No. 6, 2018, p. 38-43

2. BS Baimbetov, bekisheva A. A., KD Aytenov, be Abdikerim kinetics of firing copper and iron sulfides with soda in vibrational boiling layer //Metalurgija, vol. 59 No. 2, in 2020., p. 207-210 / Croatian Metalursko Društvo (BGM)

3. Baimbetov B. S., bekisheva K. D., Aitenov K. D. distribution of components of complex sulfide raw materials during baking with soda, water and acid leaching of calcine// non-ferrous metals, 2(47), 2019, Pp. 31-37. 

Organizational and logistical support. The research was carried out using the material and technical base of the Department of metallurgy and mineral processing, concentrates obtained from the ores of Kazakhstan's deposits and reagents in the form of soda ash and sulfuric acid.

Business case. The development and implementation of sulfide-soda sulfate technology will increase the direct extraction of non-ferrous metals by 10-15% and eliminate the release of sulfur into gases. The economic effect can be calculated after industrial testing.
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[image: image16.png]Tpnoenns 1.24
K Jlorosopy Ne__ ot 2018r.
KA IpaHTOB0C (UHAHCHpOBaHHE

TEXHHYECKASI CHEHH®UKALIIMSA B
KAJIEHIAPHBIA ILTAH PABOT
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1. Hexommeprieckoe aKuoHepHoe 00mecTBo «Kasaxcximii HAUHORANLHLIH
HeC/IEA0BATELCKHI TeXHHecKRi yrnBepenTer nvenn K., Carnaesa»

1. 1.1 Io npuopuTery: PannoHaNBHOE HCMOIB30BAHHE NPHPOIHBIX, B TOM YHCIE BOAHBIX
PeCypCcoB, reosiorns, nepepaGoTka, HOBHIE MATepHANEl H TEXHOJOTHH, Ge30NacHbie W3ZeNns M
KOHCTPYKLHH

1.2 Mo noampHophTeTy: 1.15 CHCTEMbI 0GOTAIIEHHS, KOMILIEKCHOTO H3B/IEUeHHS,
nepepaboTKH MPAPOAHOTO H TEXHOTEHHOTO PYIHOTO CHIPBA.

1.3 Tlo Teme npoexta: Ne AP05133403 «Pa3paGoTka TeXHOJNOTHH
TePMOTHAPOMETAILTY PTHYECKO# nepepaGoTKH NOTHMETALIHYECKHX CY/Ib)HIHEIX MATEPHAIOBY.
1.4 Obmasn cymma npoexta 21 140 000 (d6adyams odun Muriuon cmo copox mics)
menze, B TOM YHCTE C pa3GUBKOi 1O rOaM, UIA BBINOIHEHHs PaboT COrNacHo MyHKTY 3:
- 52 2018 roz - B cymve 7 000 000 (ceMb MUIUTHOHOB) menze;
- Ha 2019 roz - B cymyme 7 063 000 (cemb MIJUTHOHOB LIECTBACCAT TPH THICSTH) meHze;
- Ha 2020 rox - B cymme 7 077 000 (cemb MUILTHOHOB CeMB/ICCST CeMB ThICSY) meHze.
2. XapaKmepucmuKa Hayuno-mexnusecKoii npoOYKULL 1o KeaNUPUKALUOHHBLM
MPU3HAKAM U IKOHOMUNECKUE NOKA3amenH

2.1 Hanpapiestie paboThi: MPUKTATHbIE HCCTESIOBAHU.

2.2 0671aCTE NPHMEHEHNUA: METATUTYDIHS LBETHBIX MEAIOB.

2.3 KoHeuHBIii pesysTar:

- 3a 2018 rox: Byayr mONyueHs! pesyisTaThl aHATH30B MPOG W H3yueH MEXaHH3M
OKHCIEHHS. CYTH(HIIOB C COTMM HATDHS M KATHS B YCTOBHSX My T6CHPYIOIIET0 CIOS.

- 3a 2019 rom ByayT TpoBeNeHbl TEXHOJIOTHYECKHE HCCIENOBAaHHA C
MOTHMETAILTHYECKUMH  CyTbQUIHBIMI MaTepuanami. ByIyT nomamel 2 CTaTbM B KypHamsl
(Scopus) ¢ HelyAeBHM HMTaKT-bakTopoM (omyGmHKoBatE B 2020 rony)

- 32 2020 rox: Byer pajpaGoTana TeXHOTOTHYECKAA CXeMa MepepabOTKH Cyb(UIHBIX
MTepHATOB. 3a BECh NCPHOZ PEAIM3AUMU MPOEKTa OYIYT ONYGIMKOBaHBI 3 CTATHH B
PELCH3HPYEMBIX 3apyGC/KHBIX H OTEUECTBEHHBIX HAYYHBIX W3JAHHAX C HEHYJIEBBIM HMNAKT-
tbaxtopon. ByzIeT nojaia 3a1BKa Ha H30BpeTeHHC.

2.4 [TaTeHTOCNIOCOGHOCTD: MATEHTOCHOCO0H.

2.5 Hayuno-TeXHuueckuii ypoBenb (HOBW3HA): B NpEUIAracMOM NPOCKTE TEXHOJIOTHH
TePMOTHIPOMETATYPIHYCCKO TIepepaboTKA KOUTEKTHBHBIX TIOTMMETATTHYCCKHX CYThGHIHBX
MaTepHAIOB ABAETCA OTKa3 OT ONEPAlMH [PAHYIAUMH 33 CUCT OKHCICHHS —CMECH
TOHKOH3ME/TBUCHHBIX KOHICHTPATOB K CO/eH ME/OUHBIX METAIIOB B YCIOBHSX MIyIbCHPYIOLICTO
1080 7 BBIBOZ Cy TbHTHOM CePEl B JIETKo PACTBOPHMBIE CY-Th(ATE HATPHS H K&K, C NEPEBOTIOM
OCHOBHEIX [BETHBIX METAIUIOB B OKCH/IHYIO OPMY H HX KOHIEHTpALHEH B KeKe.

2.6 Vcrionb3oRaHme HayqHO-TeXHHYECKOH MPOAYKIMH OCYIIECTBIAETCH: 3aKAITHKOM H
HemommaTeIeM COBMECTHO.

27 BiI MCNOTHI0BAHWS pe3yIbTATa HAywHOH M (WIH) HAySHO-TEXHHECKOH
2ERTeTLHOCTH: My MKAIIAY,
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to contract no. ＿ from 2018

for grant funding 

TECHNICAL SPECIFICATION AND

WORK SCHEDULE

Under contract №____ from__________of 2018

1. Non-commercial joint stock company "Kazakh National Research Technical University named after K. I. Satpayev"

1.1 by priority: 1, Rational use of natural resources, including water resources, Geology, processing, new materials and technologies, safe products and structures

1.2 By sub-priority: 1.15 Systems for processing, complex extraction, and processing of natural and man-made ore raw materials

1.3 project topic: № AP05133403  «Development of technology for thermohydrometallurgical processing of polymetallic sulphide materials».

1.4 the Total amount of the project is 21 140 000 (twenty one million one hundred and forty thousand) tenge,

including by year, for the performance of works in accordance with paragraph 3:

- for 2018 - in the amount of 7 000 000 (seven million) tenge;

- for 2019 - in the amount of 7 063 000 (seven million sixty three thousand) tenge;

- for 2020 - in the amount of 7 077 000(seven million seventy seven thousand) tenge.

2. Characteristics of scientific and technical products for qualification

the signs and economic indicators

2.1 direction of work: Applied research.
2.2 Scope of application: metallurgy of non-ferrous metals.
2.3 final result:

- for 2018: the results of sample analysis Will be obtained and the mechanism of

oxidation of sulfides with sodium and potassium salts in a pulsating layer will be studied.

- for 2019: technological research will be conducted with

polymetallic sulphide materials. 2 articles will be submitted to journals

(Scopus) with a non-zero impact factor (published in 2020)

- for 2020: A technological scheme for processing sulfide

materials will be developed. For the entire period of the project implementation, 3 articles will be published in peer-reviewed foreign and domestic scientific publications with a non-zero impact- factor. An application for an invention will be submitted.

2.4 Patentability: patentable.

2.5 Scientific and technical level (novelty): the proposed project technology thermohydrosulfuricus processing of collective polymetallic sulfide materials is the failure of the operation of granulation by oxidation of a mixture of fine concentrates and alkali salts under conditions of pulsating layer and the output of sulphide sulphur in soluble sulphates of sodium and potassium, with translation basic non-ferrous metals in oxide form and their concentration in the cake.
2.6 the use of scientific and technical products is carried out by: the Customer and By the performer together.

2.7 type of use of the result of scientific and (or) scientific and technical activities: publications.

	2. The name of the work, terms of their implementation and results
3. №
	Name of tasks, actions for the project tasks realization
	Duration

(in

months)
	Beginning and termination  of works implementation* (dd/mm/yy.)
	The years of the project implementation, expected results of the project implementation

(in a section of tasks and actions)

	
	
	
	
	2018
	2019
	2020

	1.
	Sample capture and the polymetallic sulphidic materials analysis, development of a design and creation of laboratory installation of sulphidic materials oxidation in the pulsing layer.
	6 months
	01.01.2018-31.06.2018
	Tests of sulphidic materials.

Results of tests analyses. Laboratory installation of the pulsing layer
	
	

	2.
	Studying of the sulfides oxidation kinetics and mechanism with salts of sodium and a potassium in the conditions of the pulsing layer.
	12 months
	01.01.2018-31.12.2018
	Results of experiments on studying of sulfides oxidation and leaching kinetics.
	
	

	3.
	Carrying out technological researches with polymetallic sulphidic materials, calculation of the mass balances and distribution of valuable components, definition of energy consumptions on operation.
	12 months
	01.01.2019  -  31.12.2019
	
	Results of experiments on oxidation, leaching, filtration.

The mass balances and distribution of components
	

	4.
	Studying of oxidates and leachate structure and properties, choice and the experimental check of the major products precipitation methods.
	12 months
	01.01.2019

-

31.12.2019
	
	Structures and properties of oxidates, leachate.

Precipitationya methods of major products
	

	5.
	Development of the technological operations sequence of sulphidic polymetallic materials processing and processing equipment choice.
	6 months
	01.01.2020

-

31.06.2020
	
	
	Flow diagram of sulphidic materials processing.

List of an inventory and its characteristic.

	6.
	Development of an instrument flow diagram and creation of bench installation of sulphidic materials oxidation in the pulsing layer.
	6 months
	01.07.2020

-

31.12.2020
	
	
	Instrument flow diagram.

Bench installation.


Note: * - not to specify holidays in the planned schedule
	Project tasks
	Justification of the Project tasks significance

	Project task for 2018
	

	Project task1 – Sample capture and the polymetallic sulphidic materials analysis, development of a design and creation of laboratory installation of sulphidic materials oxidation in the pulsing layer.
	Collective concentrates and middling products contain compounds of metals and also rock components which behavior defines indicators of metallurgical processing. Concentrates and middling product of preparation plants and also metallurgical plants differ on compositional and mineralogical structure that defines technical and economic indicators of processing. When developing technology is necessary to check it for different types of raw materials.

	Project task2 – Studying of kinetics and the mechanism of sulfides oxidation with salts of sodium and a potassium in the conditions of the pulsing layer
	The process conditions choice requires thermodynamic justification, a research of processes course speed. The major factors influencing processes of oxidation, leaching are: concentration of the used reagent, grind, a type and conditions of oxidizer supply, intensity of hashing, duration, temperature, pressure.

Experimentations on identification of major factors influence on oxidation processes indicators, leaching, condensation and filtration are necessary.

	Project task for 2019
	

	Project task3 – Carrying out technological researches with polymetallic sulphidic materials, calculation of the mass balances and distribution of valuable components, definition of energy consumptions on operation.
	At the task 3 realization stage experimentation with definition of major factors influence on indicators of sulphidic polymetallic materials oxidation, leaching processes with use of various oxidizers and methods of activation is necessary. After the leaching operations check of indexes of pulps condensation and filtering is necessary. 

	Project task4 – Studying of oxidates and leachate structure and properties, choice and the experimental check of the target products precipitation methods
	For each experiment on sulphidic material oxidation and leaching it is necessary to study structure and properties of the manufactured products on the basis of which calculation of components balance and distribution for products is carried out. For solutions and cake methods of valuable components extraction in estimated termination products are chosen.

	Project task for 2020 
	

	Project task5 – Development of the technological operations sequence of sulphidic polymetallic materials processing and processing equipment choice
	It is necessary for the 5 task solution on the basis of indexes of sulphidic polymetallic materials processing experiments  to choose a flow diagram, to calculate through mass balances to make schemes of volumetric flow rates, to specify a design of devices and regime parameters.

	Project task6 -Development of an instrument flow diagram and creation of bench installation of sulphidic materials oxidation in the pulsing layer
	On the basis of the previous stages data, information on the existing analogs, the analysis of the market of an inventory the instrument flow diagram will be developed for common assessment of technical and economic indexes and further advance of technology. Creation of bench installation is necessary for demonstration of sulphidic polymetallic materials processing technology and development of the directions of research.


APPLICATION B

List of published works on the topic for 2018-2020

	Article
	Links

	Patent  № 33152 Sulphide – sodium – sulfate processing method of polymetallic concentrate and industrial products
	A copy is attached

	Даулетова А.А., Баимбетов Б.С., Айтенов К.Д., Бекишева А.А Исследование процесса выщелачивания сульфидов металлов в присутствии солей щелочных металлов.// Горный журнал Казахстана, №6, 2018, с.38-43
	A copy is attached

	B. Baimbetov, A. Bekisheva, K. Aytenov, B. Abdikerim Kinetics of roasting of copper and iron sulfides with soda in a vibratory boiling layer //Metalurgija, Vol. 59 No. 2, 2020., p.207-210 / Hrvatsko Metalursko Društvo (HMD)
	https://hrcak.srce.hr/232474


	Baimbetov B., Bekisheva А., Aitenov K. Distribution of the complex sulfide raw stuff components on roasting with soda, aqueous and acid leaching of calcine// Non-Ferrous Metals, 2(47), 2019, p.31-37. / Ore & Metals, Publishing House, Moscow.
	http://rudmet.net/media/articles/Article_NFM_02_19_pp.31-37.pdf
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Texuonornn  nepepaloTkn  cyaAbQHUAHOrO  CHIPbS
LBETHBIX METAILIOB IHPOMETALIYPIHIECKHMH H IHAPO-
METALIYPIHIECKHMH CIIOCOOAMH BKIIOYAIOT NPONUECCH!
OKHCIHTENBHOIO OGXHIA MIH [IABIEHHS, CBAIAHHBIE
C 0BPA30BANMEM CEPHUCTOrO 1 CEPHOTO AHIMAPHIA.
BOMRIOi 0GbeM TeXHOTOrHUECKUX CepocoaepaliiX
2308 TpeByeT CTOKHON CHCTEMB MbLICYIABAUBARIA 1
YTHAN3AUNN TA30B C TOJNYUSHHEM CepHOH KHCNOTHI H
O/leyMa, NPH ITOM CTeNEHb YTHIHIAUHH Cephl COCTaB-
nneT 75-85%, a ocTaNbHAA Cepa COPACHBACTCA ¢ OTXO-
JTIFNG rasani B aTMOChEpY'.

CoBpeMeHHbIC TEXHOIOTHH HepepaborTkh Cyiabdua-
HBIX ME/AHBIX, UAHKOBBIX W CBHHLOBBIX KOHUCHTPATOB
MMEKT KECTKHE OTPAHNHEHNA 110 COAEPKAHMIO OCHOB-
HBIX H COMYTCTBYIOWHX KOMIOHEHTOB M NpeIHa3Ha-
HEHbl [UIA NepepaGoTKM MOHOMETALIHHECKOTO ChIPBA.
TIpHMecH HHKA H CBHHIIA BhI3bIBAIOT TEXHONOIHYECKHE
OCIIOKHEHUS B MEIHOM NPOM3BOJACTBE, NPHMECH MeJn
M CBUHIA HEKENATENbHE B UWHHKOBOM NPOH3BOACTRE, 4
NPHMECH LHHKA It MM IPHBOJIAT K YBEMHUICHHIO BHIXO-
18 wreiiia W NAKa B CBHILOBOM NPOHIBOACTBE.

HMspecren cnocob nepepaboTku cynbHHAHEIX MEAHBIX
Py W/HIH KONUCHTPATOB, KOTOPHII BKIOMACT Cybda-
TH3HPYIOWKIT OGKNT, BbILICIAYHBAHMC OTapKa B CCPHO-
KMCAOM PacTBOpE 1 H3BJCUCHHE MC/IH W3 pacTBopa’, H3-
MEJIBYEHHOE ChIPbE 00/HIaloT B TPYGHATOl newn B 1o-
TOKe a30Ta npyu Temneparype 850-950°C, 4o naer Bo3-
MOKHOCTb MAKCHMATbHO YIATHTh CEPY H3 Pyabl M/HIH
KOHIIEHTPATOB BO BPeMA OBKUTA, MTOBBICHTh CTeNeHk 13-
Riewerns Men (97-98%) TIpH BEIEnAuHBANII .

Hepoctatkn cnocoba:

1. Cynbdatnsupyroni 0Gxur TpedyerT MoBbImEH-
HOTO MapuUManTbHOTO JaBieHnus SO, B MeYHbIX Tazax.
OTXOISIIHE ra3bl NeYH OGKMTA CONEPKAT CEPHHCTEIL ¥
CepHRI AHIHAPHIL, Cl1e/I0BATETLHO HEODXOANMO Cepsa-
KHCIOTHOE POUIBOACTEO.

2. Hcnonssosaume a3ora s obmura B TpyGuaTon
Newn cMel@er coctas aTMOC(epL MEWHLIX Fa3oB Wi
OKMCITHTE/LHOI 30HBL K HElTPAILHOI, YTO BEICT K CEu-
JKEHHIO CKOPOCTH OKHCACHMA CYTbONIOR 1 yMEHsime-
HHIO YACABHOI PON3BOAHTEABHOCTH HEUH,

TepMOTHIPOMETALIYPIHHECKHI CHIOCOD KOMILICKCHOM
nepepaboTKki MEAHOID KOHUCHTPATA KOMHEAAHHBIX PYA
M3BJICUEHAEM UBETHBIX N GIIArOPOHBIX METAILIOB® BXAN-
waeT B ceG CybhaTHIMPYIOIIHii 0GKHT HCXOTHOTO KOs~
UEHTPATA I BBULCTAUMBAHHE OFAPKA C BBIICTSHHEM Me-
TAJIOB, MPH ITOM CYTh(HATHIHPYIOMIMI 06KHT HCXOAROTE:
MEJIHOTO KOHIEHTPATA MPOROMAT HA BOIAYXE TPH TeMme-
patype 500-600°C 8 Tedenne 90-180 munyT. [Tonyuennsst
OrapoK BEILETAUHBIAIOT PACTBOPOM CEPHOH KHCAOTH Mk
BOAOH € OTAENEHHEM KeKa H (HILTPATA, W3 NOCISIHErs
ANEKTPOIHIOM BBIACIAIOT MEab, OCYICHHEI KeK MIHXTY -
10T ¢ OKHC/MTEIEM H XTOPHAAMH LICTOYHBIX i LICTOHHO-
3CMCIbHBIX MCTAIOB M NMPOBOAAT TepMooGpaboTky mHps
Temnieparype 450-550°C ¢ noayucHHEM CHICKa, KOTOpS
BBILLENAYNBAIOT PACTBOPOM CONAHOIN Kucnorel. F3 noay-
4eHHOro (HIBTPATA ITyTeM COPOLIHH BhIAC/IOT Garopos-
HBIE META/LThI, 0GeCTeunBAeTCs YP(HEKTHBHOR HIBIEHEEMNE
METAJIZIOB M CHHXKEHHE IHEPreTHYECKHX 3aTpaT npH ofe-
CHEUEHHH IKONOrHIecKoii HesonacHoeTi’.

UWluspun I.H. Memansypeun counya u yunxa
“Iamenm na usotpementie RU 2173726 CI. Yparmpanc. 2001,

"Mapuenxo H.B., Bepununa E.IT, Memaiypeus muacenwis semaiios; Yuei. nocotue. ~ Kpacuosper: IVUMu3, 2005

M.: Memanaypeus, 1982, — 352 c.

-s2c

IMamenm na wsospemenue RU 2255126 C1. 000 «Humezpa Ipyn. Pyw, 2004

laxepee M.M., Tlaxovoa I.H. Memaiiypaus yunka u Kaonus.

B

M.: Memanaypeus. 1972.

271 e.
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KINETICS OF ROASTING OF COPPER AND IRON SULFIDES WITH
SODA IN A VIBRATORY BOILING LAYER
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The kinetics of the roasting of iron and copper sulfides in a pulsating layer was studied, and the kinetic parameters
of the processes were determined. The determination of the order of the roasting reactions and activation energy
in the MeS - Na,CO. - O, system is based on the differential method. Using the dependences of the degree of conver-
sion of copper and iron sulfides in the reactor of the vibratory pulsating layer at a pulsation frequency of 50 Hzand
a pulsation amplitude of 0,1 - 0,5 mm, the values of the apparent activation energy in the temperature ranges of 500
~550-600 °C were obtained for FeS 1,60 - 1,64 and for Cu,S 1,44 - 2,41 J*mol. (CO,).

Key words: metal sulfide, copper sulfide, iron sulfide, sulfatization, leaching.

INTRODUCTION

Pyro and hydrometallurgical processing of sulfide
concentrates, which contain heavy non-ferrous metals
Cu, Zn. Pb, as well as iron and gangue components in
the form of silica, calcium and magn m oxides. is
associated with the using of operations of oxidative or
sulfatizing roasting in the technological scheme.

Roasting is a preparatory operation before melting
on matte or crude metal in pyrometallurgy and is neces-
sary for the partial or sufficiently complete removal of
excess sulfur sulfides into gases that need to be pro-
cessed to produce sulfuric acid. In hydrometallurgy.
oxidative roasting with the removal of sulfur in gases
promotes the partial formation of water-soluble metal
sulfates and makes up for the loss of sulfuric acid in
production.

When roasting sulphides with soda ash in an oxidiz-
ing atmosphere, sulfur is converted to sodium sulfate,
silica partially forms sodium silicate. and heavy non-
ferrous metals form oxides. At temperatures above 700
- 750 °C, an alkaline melt is formed which corrodes the
lining of the kiln or melting unit. Previous experiments
proved the possibility of a fairly complete desulfuriza-
tion of copper. lead and zinc sulfides at temperatures of
600 - 700 °C. For roasting a charge containing soda.
tubular furnaces and fluidized bed boilers are accept-
able that mix the charge and. accordingly. allow oxygen
to flow into the reaction zone. However, these processes
have disadvantages associated with the energy con-
sumption for the rotation of tubular furnaces. with dust
removal. the need for strict control of operating param-
cters during roasting in a fluidized bed.

B.S. Baimbetov (heh-01 S0@mail ru), A. A. Bekisheva (ardabekovnad
mail.ru). K. D. Aytenov (akd020439@mail.ru). B. E. Abdikerim (ab-
dikerim2050:@ gmail.com) Satbayey University. Almaty, Kazakhstan

METALURGUIA 59 (2020) 2, 207210

The widespread use of clectromagnetic vibrators
has significantly improved the technological processes
of transportation of bulk materials, briquetting of
charges. In the field of obtaining composite materials
from powders by thermosynthesis in a vibrating layer,
the works of V. G. Lyulko et al. [4-5] were published
The authors of these works noted that vibrational flu-
idization provides a multiple increase in the volume of
the layer and its highly porous structure, reduces vis-
cosity and eliminates screening of particles. By spe-
cially developed methods of vibration exposure, it is
possible to destroy cohesive bonds of particles, in-
crease the relative velocity of motion. create additional
flow turbulence, and thereby increase the area and mul-
tiplicity of interfacial interaction with the gas medium.
significantly intensify the processes of heat and mass
transfer. The uniform distribution of temperature and
filter gas. the active mixing of the dispersed material
create favorable conditions for obtaining end products
of uniform composition and properties. Analysis of
plant designs (vertical and horizontal type. through-
flow. cycle, etc.) and their experimental testing made it
possible to create an experimental installation of a uni-
versal type for carrying out physicochemical and ki
netic studies of the heat treatment of powders in a vi-
brating layer when changing the parameters of vibra-
tional fluidization (amplitude 2 - 4 mm : frequency -
23,33, 42, 50 Hz), temperature-time factors: fempera-
ture up to 1 100 °C: time from 5 minutes to several
hours; gaseous medium - oxidizing. reducing. neutral,
as well as vacuum (low 10 Pa).

The possibility of intensive mixing of finely dis-
persed material in the reactor of the vibratory pulsating
layer and conducted studics on the oxidation of sulfide
materials in a pulsating layer by an electromagnetic vi-
brator were tested.
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APPLICATION  C
Calculation of the rational concentrate composition
The rational composition of the concentrate is necessary for evaluating the reactions, product yield, and determining the enthalpy of Exo - and endothermic processes when calculating heat balances and energy costs.

We accept the following mineralogical composition in a mixture of concentrates:

– Copper (Cu)is 50% bound to chalcopyrite CuFeS2, 25% to covellinsis, and 25% to chalcosine Cu2S.

– Lead (Pb) is 100% bound to PbS Galena.

– Zinc (Zn) is 100% bound to ZnS sphalerite.

– Impurities are present in the form of sulfides As2S3, Sb2S3, MoS2, ReS2.

– Iron concentrate is presented in the form of CuFeS2, FeS2, Fe2O3
– Calcium and magnesium are present as CaCO3 And MgCO3 carbonates.

– We accept silicon in the form of SiO2 And aluminum in the form of Al2O3. in fact, it can be – silicates, aluminosilicates, etc.
The calculation is carried out using well-known methods.

Quantity CuFeS2 = 0,5*6,92*183,47 / 63,55 =10,00 т ( 3,46 т Cu; 3,04 Fe; 3,50 S)

Quantity CuS = 0,25*6,92*95,61/63,55 = 2,61 т  (1,73 т Cu; 0,88 т S)

Quantity Cu2S = 0,25*6,92*159,16/127,1 = 2,17т  (1,73 т Cu; 0,44 т S)

Quantity PbS = 12,24*239,26/207,2 = 14,13т  (12,24т Pb; 1,89 т S)

Quantity ZnS = 12,06*97,46/65,4 = 17,97т  (12,06т Zn; 5,91 т S)

QuantityAs2S3 = 0,35*245,98/149,8 = 0,58т  (0,35т As; 0,23т S)

QuantitySb2S3 = 0,11*339,18/243 = 0,15т  (0,11тSb; 0,04тS)

QuantityMoS2 = 1,34*160,14/95,94 = 2,17т  (1,34тMo; 0,83тS)

QuantityReS2 = 0,001*250,32/186,2 = 0,0013т  (0,001тRe; 0,0003 т S)

Remains S = 27,11- 3,5-0,88-0,44-1,89-5,91-0,23-0,04-0,83 = 13,39

Quantity FeS2 = 13,39*119,97/64,12 = 25,02т  (11,63т Fe; 13,39 т S)

Remains Fe = 16,53 – 3,04 – 11,63 = 1,86

Quantity Fe2O3 = 1,86*159,7/111,7 = 2,66т  (1,86т Fe; 0,8 т O)

Quantity CaCO3 = 1,24*100/56 = 2,21т  (1,24 т CaO; 0,97 т CO2)

Quantity MgCO3 = 0,8*84,3/40,3 = 1,67т  (0,8т MgO; 0,87 т CO2)

The calculation results are summarized in table A1.

Table C.1 - Rational composition of concentrate
	Compound
	Cu
	Pb
	Zn
	Fe
	As
	Sb
	Mo
	Re
	S
	МеО

МеО2
	CO2
	O2
	Пр.
	Total

	CuFeS2
	3,46
	
	
	3,04
	
	
	
	
	3,50
	
	
	
	
	10,00

	CuS
	1,73
	
	
	
	
	
	
	
	0,88
	
	
	
	
	  2,61

	Cu2S
	1,73
	
	
	
	
	
	
	
	0,44
	
	
	
	
	  2,17

	PbS
	
	12,24
	
	
	
	
	
	
	1,89
	
	
	
	
	14,13

	ZnS
	
	
	12,06
	
	
	
	
	
	5,91
	
	
	
	
	17,97

	As2S3
	
	
	
	
	0,35
	
	
	
	0,23
	
	
	
	
	0,58

	Sb2S3
	
	
	
	
	
	0,11
	
	
	0,04
	
	
	
	
	0,15

	MoS2
	
	
	
	
	
	
	1,34
	
	0,83
	
	
	
	
	2,17

	ReS2
	
	
	
	
	
	
	
	0,001
	0,0003
	
	
	
	
	0,0013

	FeS2
	
	
	
	11,63
	
	
	
	
	13,39
	
	
	
	
	25,02

	Fe2O3
	
	
	
	1,86
	
	
	
	
	
	
	
	0,80
	
	2,66

	CaCO3
	
	
	
	
	
	
	
	
	
	1,24
	0,97
	
	
	2,21

	MgCO3
	
	
	
	
	
	
	
	
	
	0,80
	0,87
	
	
	1,67

	SiO2
	
	
	
	
	
	
	
	
	
	13,87
	
	
	
	1,87

	Al2O3
	
	
	
	
	
	
	
	
	
	3,02
	
	
	
	3,02

	Other
	
	
	
	
	
	
	
	
	
	
	
	
	11,77
	13,78

	Total
	6,92
	12,24
	12,06
	16,53
	0,35
	0,11
	1,34
	0,001
	27,11
	18,93
	1,84
	0,80
	11,77
	100


The calculation of the consumption of soda and oxygen in the sulfide-soda-sulphate technology
Consumption of soda.

From the analysis of possible reactions occurring during firing of sulfide materials in a mixture with soda ash, it was found that thermodynamically the most favorable schemes are those with the formation of oxides and metals with the binding of sulfur to sodium sulfate and the release of carbon dioxide:

MeS2 + 2 Na2CO3 + 3,5 O2 = MeO + 2 Na2SO4 + 2 CO2
MeS2 + 2 Na2CO3 + 3 O2 = Me + 2 Na2SO4 + 2 CO2
MeS + Na2CO3 + 2 O2 = MeO + Na2SO4 + CO2
MeS + Na2CO3 + 1,5 O2 = Me + Na2SO4 + CO2

Therefore, the theoretical consumption of soda ash for the process is determined by the sulfur content and stoichiometry requires 1 g-mol of soda per 1 g-mol of sulfur:

32 кg S   - 106 кg Na2CO3
1 кg S   -   хх = 3,3125 кg
Assuming that the sulfur in sulfide polymetallic concentrates is completely bound to higher and lower sulfides, the consumption of soda per 100 kg of concentrate can be calculated by weight of the sulfur content:

QNa2CO3 = 3,3125 * S кг.

The flow of oxygen and air.

From the stoichiometry of possible reactions oxygen consumption the formation of sodium sulfate and metal oxides from pyrite FeS2 and chalcopyrite CuFeS2 can be calculated from sulfur:

                                           2*32 кg S   - 3,5 * 32 кg О2
                                            1 кg S      - xx = 1,75 кg О2

Oxygen consumption for the reaction with the formation of metal oxide from lower type sulfides  FeS, ZnS, PbS:

1*32 кg S   - 2 * 32 кg О2
1 кg S      - xx = 2,0 кg О2

We assume the maximum theoretical oxygen consumption for the oxidation of sulfides in the presence of soda, then based on the weight content of sulfur in the concentrate:

QO2 = 2,0* S , кg
When using air, its consumption for firing 100 kg of concentrate will be:

Vair = QO2/(0,23*d) = (2,0*S)/(0,23*d)= 6,74 *S , m3
where 0,23 is the weight fraction of oxygen in the air, d=1.29 kg/m3 is the air density.
The calculation of the batch preparation
At a given capacity of 10 tons of concentrate per hour for the preparation of the charge, the required theoretical amount of soda will be:

QNa2CO3 = 3,3125 * S = 3,3125 * 27,11/10 = 8,98 t
We accept an excess of soda equal to 10%, then the practical consumption of soda will be 

Pc = 8,98*1,1 =9,88 t/h.


The theoretical air consumption for firing 100 t of concentrate will be:

Vвозд = 6,74 *S = 6,74 * 27,11*1000/10 = 18,272 ths.m3


Required equipment:

– Charge concentrate bins;

– Soda ash hopper;

– Vibrating feeder;

– Mixer (screw).
The calculation of bunkers is carried out from the charge stock for a shift capacity of 8 hours, and the calculation of the rest of the equipment for 1 hour productivity.

For unloading concentrates and soda from the bins, various types of feeders can be used (Poppet, belt, etc.). to avoid material hanging in the hopper, it is proposed to use closed-type vibratory feeders.

Hopper and vibrating feeder of the concentrate hopper. The volume of concentrate bins is determined by taking the bulk weight of the concentrate 2.5 t/m3, and the degree of filling 90%.

Vb.k= [(10*8)/2,5] / 0,9 = 35,6 m3
The concentrate from the hopper is fed to the mixer by a vibrating feeder, the concentrate flow through the vibrating feeder will be:

Q1 = 10 t/h or V1 = 10/2,5 = 4,0 m3/h
Hopper and vibrating feeder of the soda hopper. Volume of soda bins for replaceable capacity when filled by 90%, taking into account the bulk weight of soda ash 1 g/sm3 (GOST 10689-75, GOST 5100-85).

Vб.с= [(9,88*8)/1,0] / 0,9 = 87,82 m3
Soda ash from the hopper is fed by a vibrating feeder to the mixer, the flow of soda through the vibrating feeder will be:

Q2 = 9.88 t/h or V2 = 9,88/1,0 = 9,88 m3/h
It follows from the calculations that when the consumption of soda ash by weight is comparable to the weight of the initial concentrates, the volume of bins for storing soda should be approximately 2.3-2.5 times larger due to its lower bulk density. It is advisable to use a closed type of soda bin.

To mix the charge, use a screw. Mixer (screw) for productivity Q3 = 19,88 t/h or V3 = 13,88 m3/h;
The project can use vibration feeders of the company Mehmashstroy (Russia), the type of which is shown in figure C.1.
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Figure C.1 - Vibropitatelpev 180/100x600-6kompanii Mehmashstroy productivity 6 m3/h, material size 0.5-10 mm with a bulk weight of 1.5-1.7 kg/m3, weight 32 kg, tray length 600 mm, tray width 180 mm amplitude 0.2 mm, drive VEM-L1.

(http://mehmashstroy.ru/catalog/vibrooborudovanie/vibropitateli/)
To select the hardware scheme, the calculations of material and heat balances are considered and compared for 2 - scheme:

· Firing of granulated charge;

· Firing in a vibro-boiling layer.

For the 1st variant of the scheme with firing of granulated charge, additional equipment is required, including: Poppet granulator; charge humidification system (tank, pump, injectors).

Poppet granulator. The granulation process receives a concentrate with a moisture content of 3%. The amount of wet concentrate is 10*1.03 = 10.3 t/hour. The concentrate is mixed in a screw mixer with the estimated amount of soda ash, the consumption of soda is 9.88 t/h. Granulation is carried out when the charge is moistened to 10-12%.

The number of pellets with a humidity of 12% will be (10.0 +9.88) /0.88 = 22.59 t/hour.

To achieve the required humidity during granulation, water is added in the amount of W = 22,59 – 10,3 – 9,88 = 2.41 t/h.

Apply Poppet granulator LLC "Dzerzhinsktehnomash" (Russia) which can be closed and open versions shown in figure C.2. 
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Figure C.2 - Poppet granulator" Dzerzhinsktehnomash " type T-300, Poppet diameter 3000 mm, side height 600 mm, L*B*H = 3480*3650*3900, weight 7400 kg, power 15 kW, capacity 4.0-12.0 t/h. (dtmash@yandex.ru )

The finished pellets are fed by a belt conveyor and Elevator to the hopper of the roasting machine. The bulk weight of the pellets is approximately 1.5-1.7 t/m3. The volume of the hopper for 8-hour productivity with a filling rate of 80% will be:

Vб.г = ((22,59 *8)/0,8)/1,5 = 143,8 м3
APPLICATION D
Drying and firing of pellets in a vertical mine - type reactor
Calculation of the pellet firing reactor
Source data:

– Concentrate capacity Q1 = 10 t/h or V1 = 10/2,5 = 4 m3/h

– Density of concentrate of 5.4-5.6 t/m3
· The bulk weight of the concentrate is 2500 kg/m3
– The bulk weight of dry granules with soda is = 1500 kg/m3
– The bulk weight of pellets with a humidity of 10-12% is =1700 kg/m3
According to the given examples, the reference heat capacity of the material, kJ/(kg*deg): soda ash =1.09; dry granules (concentrate + soda) = 0.85; wet granules = 0.95; dry air (20 oC) = 1.005; (850 oC) = 1.08; flue gases 1.07 (100 oC), 1.1 (200 oC), 1.21 (600 oC), 1.27 (850 oC)

The duration of the granules in the sintering zone is assumed to be 120 minutes, which generally determines the performance of the unit for a given cross-sectional area in the sintering zone.
Wet pellets have a crushing strength of 2-3 kg/granule. As the moisture is dried and removed, the strength of the granules increases to 6-8 kg/granule and increases to 15-20 kg/granule during sintering. Taking this factor into account, we assume the internal diameter of the shaft of variable cross-section. 

The sintering zone receives dry granules in the amount of RSG = 10 + 9,88 t/h.

Let's take a reactor with a cross-sectional area of 5 m2. When loading 19.88 t/h or with V=19.88/1.5=13.25 m3 of dry pellets, the rate of discharge of the charge (discharge of pellets) will be:

Wг = (13, 25/5) = 2,65 m/h
Height of the sintering zone at the accepted firing time (2 hours) 

Hсп = 13.25*2/5 =5,3 m
the radius of the cylindrical device will be R = (5/3,14)1/2  =   1,26 m.   

Taking into account the thickness of the insulation 0.3 m and the wall 0.01 m the outer diameter of the device will be (1,26 +0,3+ 0,01) *2 = 3,14 m.
Calculation of thermal balance in the zones of the reactor
Calculation of the drying zone

Capacity (on the dry granules)

G1= (10 +9,88) =19,88 t/h
Productivity for wet granules at humidity W1 = 12% will be

G2 = 19,88/0,88 = 22,59 t/h

Amount of moisture per 19.88 t of dry pellets
W = 19,88 * 0,12 / 0,88 =2,71 t

Initial humidity Uн = (22,59-19,88)/19,88 = 0,1363 kg/kg (12%)

Final moisture Uк =0,0


Temperature of pellets at the inlet and outlet of the drying zone Т1 = 150оС,   Т2 = 65оС

Using the method of calculating convective drying devices from diagram I – x (Ramzin diagram), we find the moisture content and enthalpy of air to the drying zone and air leaving the drying zone (Summer period)) 

Table D.1 - Temperature of pellets at the inlet and outlet of the drying zone
	
	temperature
	Relative humidity
	Moisture content
	Enthalpy of gases

	
	T, оС
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, %
	xi
	I, kJ.kg

	Summer air
	20
	60
	0,009
	45

	Gases of the heating zone
	150
	5
	0,009
	175

	The off gases from the reactor
	65
	20
	0,045
	62


On the I-x Ramzin diagram(Fig. 2) [3, c. 412], according to the known parameters tol = 20 °C and = 60% for summer conditions, the moisture content x0 and the enthalpy I0 of air are found: summer period: x0l = 0.009 kg of moisture/kg of dry air; I0l = 45 kJ/kg of dry air.

Since gas heating is carried out in the lower zones of the reactor, where reactions of interaction of sulfides and sodium carbonate with oxygen assimilation and the release of CO2 dioxide occur, we assume that the moisture content of gases at the outlet of the heating zone and, accordingly, at the inlet of the drying zone remains constant: hol = x1l and hoz = x1z.

Build a working drying line in the summer period on the diagram I-x. to do this, you need to know the coordinates (x and I) of at least two points. The coordinates of one point are known: x1 = 0.009 kg VL./kg s. V.; I1 = 175 kJ/kg s. V. when heating gases coming from the drying zone to 150 oC. To find the coordinates of the second point, set an arbitrary value x2 and determine the corresponding value I. Let х2 = 0,045 kg VL./kg s. V. Then: I2 = 128 – 3131,6 * (x2-x1) = 175 – 3131,6 * (0,045-0,009) = 62 kJ/kg of dry air
Specific heat consumption in summer

q1 = (I2 – I1)/ (x2 –x1) = (175-62)/ (0,045 – 0,009) = 3139 kJ per 1 kg of moisture or
Q1 = 2710* 3139= 8506690 kJ/hour
Dry air flow rate to the reactor:

L = W/(x2-x1) = 2710 / (0,045– 0,009) = 75278 кг/час или 58355 Nm3/hour
Approximate calculation of the air flow rate for the reaction of a sulfide charge with soda.

For a given capacity of 10 t of concentrate per hour, the theoretical air consumption for firing 10 t of concentrate will be:

Vвозд = 6,74 *S = 6,74 * 27,11*10000/100 = 18272  m3/h 

Let's assume the inner radius of the reactor in the drying zone is 25% larger than the diameter (R1=1,26 м)  in the sintering zone R2 = 1,25* R1 = 1,575 м

Cross-sectional area of the reactor in the drying zone: S1 =
[image: image28.wmf]p

* R12 = 3,14*1,5752 = 7,79 m2

The volume occupied by the granules in the drying zone for a one-hour performance: 

V1 = ((G1+G2)/2) / ( (
[image: image29.wmf]1
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+
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) /2) = ((22,59+19,88)/2)/((1,5+1,7)/2) = 13,27 m3

The height of the reactor in the drying zone: H1 = V1/S1 = 13,27 / 7,79 = 1,7 m

The speed of descent of the charge in the reactor Wш = 1,7*100/60 = 2,83 cm/min

Conclusions:

1 The consumption of air blast for drying pellets with a humidity of 12% will be 58355 Nm3/hour, and the theoretical consumption for the reaction of sulfides with soda is 18272 Nm3/hour, i.e. 3 times less than the required for drying.

2 To reduce the air consumption in the roasting reactor, the pellets must be pre-dried, since a large air consumption in the roasting zone will lead to unjustified costs of thermal energy.

Table D.2 - Material balance of calcination of granules at a flow rate of air on the drying conditions
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Calculation of the heat balance of the drying zone
Accepted heat losses to the environment by zones: drying - 5%, heating -10 %, sintering -15% , cooling-10% of the total heat balance items. The composition of gases according to the material balance, taking into account the moisture removed during drying, is shown in table D.3.

Table D.3 - Quantity and composition of process gases in the drying zone for 1 hour
	Components
	Quantity
	Volume

	
	Кg
	%(weight)
	Нм3

	CO2
	40,46
	5,45
	20,60

	О2
	103,0
	13,86
	72,10

	Н2О
	27,10
	3,65
	33,72

	N2и пр.
	572,37
	77,04
	457,90

	Total
	742,93
	100
	584,32


Table D.4 - Calculation of the heat capacity of flue gases at 500 oC
	Components
	quantity
	UD.heat resistance
	Calculation by gas composition

	 
	кg
	%
	kJ/(kg•deg)
	kJ/(kg•deg)

	CO2
	40,46
	5,45
	1,012
	0,055154

	О2
	103,0
	13,86
	1,979
	0,2742894

	Н2О
	27,10
	3,65
	0,723
	0,0263895

	N2и пр.
	572,37
	77,04
	1,061
	0,8173944

	Total
	742,93
	100,000
	
	1,1732273


Heat consumption in the drying zone of wet pellets
• Heat consumption for drying (theoretical) by gas enthalpy at an air flow rate per 100 kg of concentrate equal to 752.78 kg at the inlet temperature of the zone 150 oC and the temperature of the exhaust gases 65 oC.

Q1 = L* (I2 –I1) = 752.78 * (175-62) = 85064.14 kJ

– The physical heat of exhaust gases

Q3 = 742,93*1,1732273* 65 = 56655.67 kJ/hour

– Physical heat with dry pellets leaving the drying zone (assume a dry pellet temperature of 150 oC)

Q4 = M * Cp * T2 = 231,14* 0,85 * 150 = 29470,35

– Heat loss in the drying zone is assumed to be equal to 5%

Q5 = Qpot = (85064,14 + 56655,67 + 29470,35) * 0,05 = 8559,508 kJ/hour

Total heat consumption in the drying zone Qsushki = 179749.668 kJ/hour

Heat input in the pellet drying zone

– The physical heat of the pellets

Q6= M2*C2p*20 = 201,8 *0,95*20 = 3834,2 kJ/hour
The amount of gases coming from the heating zone to the drying zone is determined from the material balance of firing, with the exception of the moisture of the initial granules.

Table D.5 - Quantity and composition of process gases of the heating zone for 1 hour
	Components
	Quantity
	Volume

	
	Кg0
	%(weight)
	Nм3
	%( vol.)

	CO2
	40,46
	5,65
	20,60
	3,74

	О2
	103,0
	14,39
	72,10
	13,10

	N2 и пр.
	572,37
	79,96
	457,90
	83,16

	Total
	715,83
	100
	550,6
	100


· Heat from the heating zone gases
Q7 = 715,83*1,17 * Т3 

Heat balance equation of the drying zone

Q6 +Q7 = 3834,2 + 837,52* Т3 = 179749,668

      From the equation the required gas temperature at the entrance to the drying zone
Т3 = 175915,468/  837,52= 210 оС.
Calculation of the heat balance of the heating zone
Determination of heat consumption in the heating zone from 150 to 700 oC.

When the layer of dry granules is lowered, they are heated by the heat of hot gases coming from the sintering zone. The amount and composition of process gases is determined from the reactions occurring in the sintering zone, taking into account the required amount of air.

Heat consumption in the heating zone

– Heat from the exhaust gases of the heating zone at a temperature of 210 ° C (at the inlet of the drying zone)

Q9 = Mg.z.n * Cp * T2 = 715,83*1,17* 210 = 175879.43 kJ

– Consumption of heat from the granules of the heating zone

Q10= MS.g * Cp * 700 = 198,8 * 0,85 * 700= 118286 kJ

– Heat loss in the heating zone 10%

Q11= (175879,43 + 118286) * 0,1 = 294165,43*0,1=29416,543 kJ

Total heat consumption in the heating zone Qnagr = 323581.973 kJ

The arrival of the heat in heating area
– Heat of dry pellets from the drying zone with a temperature of 150 ° C

Q12= MS.g * Cp * 150 = 198,8 * 0,85 * 150= 25347 kJ/hour


Since the sintering zone receives gases heated by an external heat source to the maximum firing temperature of pellets of 750 oC, it is necessary to convert the heat balance equation to determine the amount of hot gases and the number of heated pellets, which will make it possible to calculate the height of the heating zone up to 700 oC.

The heat balance equation of the heating zone will take the form:

25347+Х *1,17* 750 = 323581,973

Х = 298234,973/ 877,5= 339,87 kg/hour of sintering zone gases or in terms

of dry pellets Y = 339,87 * 198,8 / 715,83 = 94,39 kg of dry pellets, or in terms of the specified hourly productivity
Y1= 94,39 * 19,88*1000 / 198,8 = 9439 kg of pellets of the heating zone

Hence the volume of pellets in the heating zone per hour capacity isV2 = Y1 / 
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= 9439 / 850 =  11,1 m3

The height of the reactor in the heating zone will be
H1 = V2/S1 = 11,1 / 5 = 2,22 m

At the rate of charge discharge in the reactor WSH = 2.65 m/h, the duration of stay of pellets in the heating zone:

t2 = 2,22 / 2,65= 0,84 h
 Thermal calculation of the sintering zone
1 The heat of exothermic reactions.

Calculation of the rational concentrate composition

The rational composition of the concentrate is necessary for evaluating the possibility of reactions, product yield, and determining the enthalpy of Exo - and endothermic processes necessary for calculating heat balances and energy costs.

We accept the following mineralogical composition in a mixture of concentrates:

– Copper (Cu)is 50% bound to chalcopyrite CuFeS2, 25% to covellinsis, and 25% to chalcosine Cu2S.

– Lead (Pb) is 100% bound to PbS Galena.

– Zinc (Zn) is 100% bound to ZnS sphalerite.

– Impurities are present in the form of sulfides As2S3, Sb2S3, MoS2, ReS2.

– Iron concentrate is presented in the form of CuFeS2, FeS2, Fe2O3
– Calcium and magnesium are present as CaCO3 And MgCO3 carbonates.

– We accept silicon in the form of SiO2 And aluminum in the form of Al2O3. in fact, it can be – silicates, aluminosilicates, etc.
The calculation is carried out using well-known methods.

Table D.6 - Rational composition of concentrate

[image: image33.png]Coegmemme | Cu Pb [Zn [Fe  As |5b [Mo Re |5 50; CaD MgO|[AlLO; | CO; [ 0; Tlp. |Beero
CuFed; 346 304 350 0,00
cug 173 038 261
T 73 044 77
Pbs 1224 189 1413
Zn§ 206 551 797
A5 035 023 058
SbaSs ol 004 015
Mo%; 3% 083 77
ReS 0,001 | 0,0003 00013
Fem 63 13,39 501
Fex0s 1,86 030 266
CaCo; 2% 057 7
MgC0; 030 057 167
§0; 357 T
BRO; EliF) EliF)
Tposme 1177|1378
Bomo €97 12,4 | 12,06 16,53 0.3 011|134 0,001 | 27,11 | 1387 1,24 080 [302 | Le4 | 080 1177|100





From the data of 2019 studies on roasting a mixture of concentrates, we accept the following compositions of materials and products of roasting in weight % by elements and compounds

Table D.7 – Compositions of materials and by-products of firing
	Name
	Cu
	Pb
	Zn
	Fe
	Mo
	S
	SiO2
	CaO
	MgO
	Al2O3
	Na2О
	CО2
	O2
	N2

	Concentrate
	6,92
	12,24
	12,06
	16,53
	1,34
	27,1
	13,9
	1,24
	0,80
	3,02
	
	1,84
	0,80
	

	Soda ash
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	58,4
	41,5
	0
	0

	Air
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	23
	76

	Stub Of
	3,26
	5,77
	5,69
	7,79
	0,63
	12,8
	6,54
	0,59
	0,37
	1,42
	24,8
	1,4
	23,4
	0

	Gas
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	26,7
	2,6
	69,1


The calculated balance of firing pellets is shown earlier in table B6 from which a summary balance is made taking into account the moisture of the concentrate shown in table D.8.

Table D.8 - Summary balance
	Acted
	Total, kg

	1. A mixture of concentrates
	103

	2. Soda ash
	98,8

	3. Air blast
	752,78

	Subtotal
	953,58

	Acted 
	Total, kg

	1. Cinder 
	231,14

	2. Waste gas
	723,77

	TOTAL
	953,91

	Discrepancy
	0,33


Heat input to the reactor.

Physical heat of incoming materials. The pellets at the outlet of the heating zone have a temperature of 700 oC, the outside air in the cooling zone of the pellets is heated from 20 to about 500 oC, the heat loss in the sintering zone will take 20% of the heat arrival.

Q1 = m1* Cp * t  = 198,8 * 0,85 * 700 + 752,78 * 1,05 *500 =513233 KJ
Heat of exothermic reactions per 100 kg of K-TA for 800 оС
For components in the case of parallel reactions, the Sum of deltaG = 100%

Table D.9 – Enthalpy and thermal effects of reactions per 100 kg of concentrate
	Conn.
	M. V. gram
	Total, kg
	Reaction
	deltaH, kJ/mol
	deltaG kJ/mol
	Q, kJ

	CuFeS2
	183,5
	10,00
	2CuFeS2 + 4Na2CO3 + 7.5O2(g) = Cu2O + 2FeO + 4Na2SO4 + 4CO2(g)
	-2947,473
	-2241,116
	80310

	CuS
	95,6
	  2,61
	2CuS + 2Na2CO3 + 3.5O2(g) = Cu2O + 2Na2SO4 + 2CO2(g)
	-1351,924
	-1050,704
	18460

	Cu2S
	159,15
	  2,17
	Cu2S + Na2CO3 + 2O2(g) = Cu2O + Na2SO4 + CO2(g)
	-737,480
	-507,779
	10060

	PbS
	239,26
	14,13
	PbS + Na2CO3 + 2O2(g) = PbO + Na2SO4 + CO2(g)
	-753,599
	-559,977
	44510

	ZnS
	97,44
	17,97
	ZnS + Na2CO3 + 2O2(g) = ZnO + Na2SO4 + CO2(g)
	-783,399
	-594,176
	144480

	As2S3
	246,02
	0,58
	As2S3 + 3Na2CO3 + 6º2(g) = As2O3 + 3Na2SO4 + 3CO2(g)
	-2494,463
	-1900,150
	43,87%

2580

	As2S3
	246,02
	0,58
	As2S3 + 6Na2CO3 + 7O2(g) = 2Na3AsO4 + 3Na2SO4 + 6CO2(g)
	-2804,552
	-2431,158
	56,13%

3720

	Sb2S3
	339,68
	0,15
	Sb2S3 + 3Na2CO3 + 6O2(g) = Sb2O3 + 3Na2SO4 + 3CO2(g)
	-2464,001
	-1902,263
	45,4%

490

	Sb2S3
	339,68
	0,15
	Sb2S3 + 6Na2CO3 + 7O2(g) = 2Na3SbO4 + 3Na2SO4 + 6CO2(g)
	-2582,018
	-2288,205
	54,6%

620

	MoS2
	160,06
	2,17
	MoS2 + 2Na2CO3 + 4.5º2(g) = MoO3 + 2Na2SO4 + 2CO2(g)
	-1734,866
	-1308,392
	47,11%

11,08

	MoS2
	160,06
	2,17
	MoS2 + 3Na2CO3 + 4.5O2(g) = Na2MoO4 + 2Na2SO4 + 3CO2(g)
	-1684,807
	-1469,781
	52,89%

12080

	ReS2
	250,33
	0,0013
	ReS2 + 2Na2CO3 + 4O2(g) = ReO2 + 2Na2SO4 + 2CO2(g)
	-1523,450
	-1174,958
	45,87%


Continuation of the table D.9

	Conn.
	M. V. gram
	Total, kg
	Reaction
	deltaH, kJ/mol
	deltaG kJ/mol
	Q, kJ

	ReS2
	250,33
	0,0013
	ReS2 + 2.5Na2CO3 + 4.75O2(g) = NaReO4 + 2Na2SO4 + 2.5CO2(g)
	-1783,770
	-1386,571
	54,13%

	FeS2
	119,97
	25,02
	2FeS2 + 4Na2CO3 + 7.5O2(g) = Fe2O3 + 4Na2SO4 + 4CO2(g)
	-3006,837
	-2431,987
	27,27%

85500

	FeS2
	119,97
	25,02
	FeS2 + 2Na2CO3 + 3.5O2(g) = FeO + 2Na2SO4 + 2CO2(g)
	-1368,133
	-1142,929
	54,55%

285330

	FeS2
	119,97
	25,02
	3FeS2 + 6Na2CO3 + 11O2(g) = Fe3O4 + 6Na2SO4 + 6CO2(g)
	-4381,848
	-3599,373
	18,18%

55380

	Fe2O3
	159,69
	2,66
	Fe2O3 + Na2CO3 = 2NaFeO2 + CO2(g)
	110,744
	15,605
	-1850

	CaCO3
	100,09
	2,21
	CaCO3=CaO+CO2(g)
	167,619
	12,385
	-3670

	MgCO3
	84,31
	1,67
	MgCO3=MgO+CO2(g)
	87,644
	-81,852
	-1740

	SiO2
	60,08
	1,87
	SiO2 + Na2CO3 = Na2SiO3 + CO2(g)
	68,477
	-64,712
	-1260

	Al2O3
	101,96
	3,02
	Al2O3 + Na2CO3 = 2NaAlO2(ia) + CO2(g)
	-100,783
	111,556
	2990

	Q2 = eks
	
	
	
	
	
	762970

	Q3 =  end
	
	
	
	
	
	8520


Total heat input in the sintering zone: q Input = 513233+ 762970 = 1276203кДж
Heat consumption in the sintering zone

– The heat of exhaust gases of the sintering zone

Q5 = Mg.z.n * Cp * T2 = 723,77 * 1,17 * 750 = 635108.2 kJ

– Consumption of heat from the granules leaving the sintering zone

Q6 = MS.g * Cp * 700 = 231,14 * 0,85 *700 = 137528,3 kJ

– Heat loss in the sintering zone 20%

QПот.3 = (635108,2 +137528,3) * 0,2 =772636,5* 0,2= 154527,3KJ
Total heat consumption in the sintering zone:  Q expenditure = 927163,8KJ
According to calculations of the heat balance per 100 kg of concentrate in granules, an excess of heat input is obtained equal to: Qизб =  Qcoming - Qexpenditure = 1335182,34 -927163,8= 349039,2KJ
When removing excess heat from the sintering zone due to water cooled caissons it is possible to determine the amount of cooling water per 100 kg of concentrate according to a simplified scheme:  MH2O = Qизб/(CH2O * (t2-t1)) = 349039,2 / (4,184*(90-20)) = 1192кg
The volume of the cinder in the sintering zone for 1 hour productivity at a bulk weight of 1700 kg/m3 is:   V2 = Y / 
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= (231,14*100) / 1700 =  13,6 m3

The height of the reactor in the heating zone: H1 = V2/S1 = 13,6 / 5 = 2,71 м

These results match the data received at the beginning of the calculation

Heat balance in the cooling zone of pellets for air heating

Heat input in the cooling zone:

– Heat coming from the granules of the sintering zone

Q5 = Mс.г * Cp * 700 = 231,14* 0,85* 700= 137528,3 KJ
– The arrival of heat with the air

Q4air = Х1* 1,04 * Тв = Х1 *1,04* 20 = 20,8*Х1  KJ
Total heat input Qcoming з.о. = 137528,3 + 20,8*Х1KJ
Heat consumption in the cooling zone:

– Heat loss with cooled pellets at a temperature of no more than 50 ° C

Q7 = MS.g * Cp * 50 = 231,14 * 0,85 * 50 = 9823,5 kJ

– Heat loss to the external environment, 15% of the arrival of pellets.

Q7 = Q5* 0.15 =137528.3 *0.15 =20629.245 kJ/HR

– Heat for air heating up to 500 oC (similar to Cowper)

Q8 = Х1*Ср возд * (500-20) = Х1* 1,05 * 480 =  504*Х1

Equation of the thermal balance of the cooling zone of pellets up to 50 oC and calculation of the volume and height of the cooling zone:  137528,3 + 20,8*Х1  = 30452,745 + 504*Х1

483,2 * Х1 =107075,555      

or  Х1 = 221,6 kg the air can be heated up to 500 oC at a consumption of 231.14 kg of pellets 

Table D.10 - Preliminary heat balance by reactor zones per 100 kg
	Zone
	The arrival of the heat
	KJ
	
	Heat consumption
	Kj
	

	1.

Drying


	1.The physical warmth of moist granules
	3834,2
	
	1. Heat for evaporation of moisture and gases
	85064,14
	

	
	2.heat of the heating zone gases
	484,69 *1,07 * Т3
	
	2.The heat of exhaust gases
	56655,67
	

	
	
	
	
	2. Heat loss with dry pellets
	29470,35
	

	
	
	
	
	4. Heat loss in the drying zone, 5 %
	8559,508
	

	Total


	3834,2 + 837,52* Т3
	
	
	179749,668
	

	
	From the equation the required gas temperature at the entrance to the drying zone

Т3 = 175915,468/  837,52= 210 оС


Continuation of the table D.10

	2.Heating


	1. heat of dry pellets from the drying zone with a temperature of 110 ° C
	25347
	
	1. heat from the exhaust gases of the heating zone at a temperature of 134.7 oC
	175879,43
	

	
	2.heat of the sintering zone gases
	Х *1,17* 750
	
	2. Warm the granules in the hot zone
	118286
	

	
	
	
	
	3. Heat loss in the heating zone 10%
	29416,543
	

	Total
	25347 + Х *1,17* 750

	
	
	323581,973
	

	
	Х = 298234,973/ 877,5 = 339, 87 kg/h of sintering zone gases

Y = 339,87 * 198,8 / 715,83 = 94.39 kg of dry pellets

Hence the volume of pellets in the heating zone per hour productivity

V2 = Y1 / 
[image: image35.wmf]1

g

= 9439 / 850 =  11,1 м3

	3.Sintering


	1. Heat from the pellet preheating zone
	118286
	
	2.The heat of exhaust gases of the sintering zone
	635108,2
	

	
	2. Heat with air from the cooling zone
	394947
	
	3. Heat with granules leaving the sintering zone
	137528,3
	

	
	3. Heat exothermic reactions.
	762970
	
	4.heat loss in the sintering zone 20%
	154527,3
	

	Total
	1276203
	
	
	927163,8
	

	
	Qisb = Qrr - Qrr = 1335182.34 - 927163.8 = 349039.2 kJ

according to the simplified scheme, the amount of cooling water per 100 kg of concentrate:

MH2O = Qisb /(CH2O * (t2-t1)) = 349039,2 / (4,184*(90-20)) = 1192 kg

	4.Cooling
	1.The arrival of the heat with the granules in the sintering zone
	137528,3
	
	1. Heat loss from granules (50 ° C)
	9823,5
	

	
	2. Physical heat cold air
	20,8*Х1  
	
	2. Heat loss to the external environment, 15%
	20629,245
	

	Total
	
	
	
	3.The warmth of the pellet cooling air
	504*Х1
	

	
	137528,3 + 20,8*Х1  
	30452,745 + 504*Х1

	
	Equation of the heat balance of the cooling zone in order to determine the amount of air required for cooling pellets up to 50 oC

137528.3 + 20.8*X1 = 30452.745 + 504*X1

483.2 * X1 =107075.555


The remaining air is supplied to the sintering zone through tuyeres without heating, which will reduce the water consumption for cooling caissons. The amount of air supplied through the tuyeres will be (752.78 -231.14 =521.64 kg per 100 kg of concentrate).

Volume of the cooling zone V4 with a capacity of 10 t/h:

V4 = Y1 / 
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= 231,14*100  / 1700 =  13,6  м3

When all the air is supplied through the cooling zone, its volume can be reduced (the time spent in the cooling zone is proportionally reduced)

V5 = Х1 * V4 / Qair=221,6 * 13,6 / 752,78 = 4,0 m3
Table D.11 - Final heat balance in the zones of the reactor
	Zone
	Heat input, kJ/hour
	Heat consumption, kJ/hour

	1.Drying


	1.The physical warmth of moist granules
	3834,2
	1. Heat for evaporation of moisture and gases
	85064,14

	
	2.heat of the heating zone gases
	175879,43
	2.The heat of exhaust gases
	56655,67

	
	
	
	2. Heat loss with dry pellets
	29470,35

	
	3.The discrepancy
	36,038
	4. Heat loss in the drying zone, 5 %
	8559,508

	
	Subtotal
	179713,63
	
	179749,67

	2.Heating


	1. heat of dry pellets from the drying zone with a temperature of 110 ° C
	25347
	1. heat from the exhaust gases of the heating zone at a temperature of 134.7 oC
	175879,43

	
	2.heat of the sintering zone gases
	298235,93
	2. Warm the granules in the hot zone
	118286

	
	
	
	3. Heat loss in the heating zone 10%
	29416,54

	
	
	
	4.The discrepancy
	0,952

	
	Total
	323582,93
	
	323581,97

	
	
	
	
	

	3.Sintering


	1. Heat from the pellet preheating zone
	118286
	1.The heat of exhaust gases of the sintering zone
	635108,2

	
	2. Heat with air from the cooling zone
	394947
	2. Heat with granules leaving the sintering zone
	137528,3

	
	3. Heat exothermic reactions.
	762970
	3.heat loss in the sintering zone 20%
	154527,3

	
	
	
	4.caisson cooling heat
	349039,2

	
	total
	1276203
	
	1276203

	4.Cooling
	1.The arrival of the heat with the granules in the sintering zone
	137528,3
	1. Heat loss from granules (50 ° C)
	9823,5

	
	2. Physical heat cold air
	15657,82
	2. Heat loss to the external environment, 15%
	20629,245

	
	
	
	3.the heat of cooling the pellets with air (when the volume decreases in the cooling zone)
	122733,4

	
	Total
	153186,12
	
	153186,12


APPLICATION  E

Initial data for the calculation of material and thermal balances of firing in a vibro-boiling bed reactor (VCS)
Initial data for the calculation of material and thermal balances of firing in a vibro-boiling bed reactor (VCS)

· Concentrate capacity Q1 = 10 t/h or V1 = 10/2,5 = 4.0 m3/h

· Concentrate density of 3.4 to 3.6 t/m3
· The bulk weight of the concentrate is 2500 kg/m3
According to the reference data will take the specific heat of material, kJ/(kg*deg):

soda ash =1,09; dry air (20 ° C) = 1,005; (850 oC) = 1,08; flue gas of 1.07 (100 ° C), and 1.1 (200 ° C), of 1.21 (600 oC), of 1.27 (850 oC). The heat capacity of a sulfide concentrate can be calculated from the heat capacities of the components (Cu2S, CuFeS2, ZnS, PBS, And others) Using the formula 
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We assume in this calculation the heat capacity of the concentrate CP = 0.85 kJ/(kg*deg):

Flue gas density:

 (PCO2 = 0.13; PH2O = 0.11; PH2 = 0.76;) kg/m3: 0.951 (100 oC); 0.405 (600 oC); 0.315 (850 oC).

When using air, the consumption will be:

Vair = 6,74 *S , m3 on 100 кg concentrate
 100 кgVair = 6,74 *S = 6,74 * 27,11= 182,72 m3 = 141,64 кg
 10 т/h V1air = 182,72 *100 = 18272 nm3/h = 14164 кg/h
The consumption of soda per 10 t of concentrate can also be calculated from the sulfur content:

РNa2CO3 = * 3,3125 * Sкg. per 100kg of concentrate
РNa2CO3 = 3,3125 * S = 3,3125 * 27,11 = 89,802 кg
per 10 т/h Р1Na2CO3 =  89,802 * 100 = 8980,2 кg/h
For completeness of the processes during firing, we accept an excess of air of 20%, and an excess of soda of 10% of the theoretical one. Practical consumption per 100 kg of concentrate:

· Air consumption per 100 kgV1 = 182,72 *1,2 = 219,3 m3 = 170 кg
· Soda consumption per 100 kg Р1 = 89,802 *1,1 = 98,8 кg

Concentrates with a moisture content

of 2-4% are received for metallurgical processing. Let's take the moisture content of the concentrate 3% for calculation. The moisture of the materials during the firing process will be removed with gases. The air supplied to the reactor also contains moisture, the content of which is maximum in the summer period, we assume the moisture content of the air equal to 0.009 kg/kg of dry air. Taking into account moisture the table shows the reduced material balance required for calculating the heat balance and equipment.

Table E.1 - Reduced material balance of firing in VKS
	Materials received
	Total, kg

	
	Dry material
	Including moisture

	1. The mixture of the concentrates with moisture
	100
	103

	2. Soda ash
	98,8
	98,8

	3. Air blowing with moisture
	170
	171,53

	TOTAL
	368,8
	373,33

	THE PRODUCTS OBTAINED
	Total, kg
	

	1. The calcine from the UK
	196,12
	196,12

	2. Waste gases
	172,63
	177,16

	СО2
	39,65
	39,65

	О2
	2,18
	2,18

	N2
	129,14
	129,14

	H2O
	-
	4,53

	Пр.
	1,66
	1,66

	TOTAL
	368,75
	373,36

	Discrepancy
	-0,05
	-0,03


Physical heat of incoming materials

Q1 = m1* Cp * t  = 103 * 0,85 * 20 + 98,8 * 1,09 * 20 + 171,53 * 1,005 *20 = 7353 kJ
Heat of exothermic reactions per 100 kg of K-TA for 800 оС
Heat consumption from the reactor.

Heat of exothermic reactions: Q31 = 8520 kJ

The heat of evaporation of the charge: Q32 = Мвл * L = 3 *2258= 6774 KJ
Heat carried away by waste gases:

Table E.2 - Composition and quantity of waste Gases
	Component
	kg
	% (weight)
	m3
	%( vol.)
	CP (gases)

kJ/(kg*deg)

	СО2
	39,65
	22,38
	20,19
	15,31
	

	О2
	2,18
	1,23
	1,53
	1,16
	

	N2
	129,14
	72,90
	103,31
	78,32
	

	H2O
	4,53
	2,56
	5,64
	4,28
	

	Пр.
	1,66
	0,94
	1,24
	0,93
	

	TOTAL
	177,16
	
	131,91
	100
	1,27 (850 оС)


According to the heat capacity of flue gases, the heat loss will be

Q4 = M * Cp * t = 177,16 * 1,27 * 850 = 191244,22 kJ
Heat loss with the stub discharged from the reactor

Let's take the heat capacity of the stub similar to the stub of zinc PR-VA (CP=0.177 kcal/(kg. deg) or Ср=0,177*4,184=0,741 kJ/(kg*deg).

Q5 = M * Cp * t = 196,12 * 0,741 * 800 = 116259,94

Heat loss to the environment we will take 15% of the consumption items and make a table of the preliminary heat balance of the reactor.

     Table of the Preliminary heat balance of the reactor HQs
	The arrival of the heat
	кДж
	Heat consumption
	KJ

	1.physical heat of the concentrate
	1751,0
	1. The heat of the candle
	116259,94

	2.the physical heat of soda
	2156,02
	2.The heat of exhaust gases
	191244,22

	3.Physical heat of the air
	3447,75
	3. Heat endothermic reactions
	8520

	4. The heat of exothermic reactions
	762970
	4. The heat of evaporation of the charge
	6774

	
	
	4. Heat loss in the drying zone, 15 %
	56964,38

	Total
	770324,77
	
	379762,54


From the preliminary heat balance, it follows that during the firing of a sulfide concentrate with soda in a vibro-boiling layer, the heat input due to exothermic reactions is more than 2 times greater than the heat consumption and to maintain a constant temperature, it is necessary to remove excess heat in the amount determined from the heat balance equation. The heat balance equation has the form:

Qcooling + 379762,54= 770324,77 kilojoule
where from   Qcooling = 390562,23 kJ to 100 kg of concentrate
When the reactor is cooled by water-cooled caissons, we assume temperatures at the inlet of the caisson t1 =20 oC and at the outlet of the caisson t2 = 90 oC. The mass of water required for cooling per 100 kg of concentrate will be at the heat capacity of water Cp = 75,31/18 = 4,184 kJ/kg
M*C1p*t2 –M*C2p*t1 = Qcooling
M= Qcooling/((t2-t1)*4,184) =390562,23 /292,88 = 1333,5 kg or 1333,5 L
Conclusions:

1 Roasting of a sulphide concentrate with soda in the machine autogenous videoconferencing is occurring with a significant excess heat.

2 The reactor firing VKS should have the cooling pontoons.

3 In the presence of refractories resistant to sodium alkali and sulfate melts, autogenous melting with the separation of sodium sulfate and rich slag is possible
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M.B. - 3aB. kadenpoii «MuOIIM», k.T.H., accon. mpodeccop; Yenymranosa T.A. - 3aB. kadeapoi
«MITTUTCMb, k.1.1., nokrop PhD; Beiicenos P.E. - 3aB. kadeapoit «®», nokrop PhD; Jlyranos B.A.
- AT.H., npodeccop; Ilayrenos M.P. - k.T.H., mpodeccop; 3aypGeko C.A. - K.T.H., mpodeccop;
BanmbGetos B.C. - k.T.1., accou. npadeccop; Beiiceros B.C. - k.1.1., accow, npoeccop; Maiinuna X, P.
- K.T.H., accounmuposanuslii npopeccop; Myxanosa I'.C. - k.T.H., accon. mpodeccop; Ycompuesa A, -
K.T.H., acencrent-npodeccop; Miocenosa C.B. - nokrop PhD, ceHHOP-/1eKTOp, PYKOBOIHTE/IH IPOEKTOB.

TOBECTKA JIHA:
1. PaccmoTpenne u ofcyskIeHHe 3aKIIOYHTETbHBIX oT4eToB 0 HUP 3a 2020 roa mo
TpanToBomy GUHAHCHPOBAHMIO HAYWHBIX Hec/Ie10BaHNIT Ha 2018-2020 roabt

BBICTYIWJIM:  Hayuneni  pykoBomutens  Tembl  «PaspaGotka  TeXHOJNOIMH
TEPMOIHIPOMETALIYPIHYECKOIL nepepaboTKi MOAMMETAIMYECKAX CyIbOHAHBIX MATEPHANOBY,
Banmberos B.C, koTopeiit co0Owmi, 4TO 1O Teme BHIONHEHBI PabOTBI B COOTBETCTBMH C
KaneHaapHeiM riaanoM Ha 2018-2020 roael. PaccunTaHa TepMOAMHAMHKa OOKHIa CyIb(HIOB
MONHGJAEHA, PEHMA M JPYTHX KOMIIOHGHTOB B TNPHCYTCTBHM KapOOHATa HaTpus, peaKimii
BbILIETAYHBAHHIS MPOJYKTOB obukmra, paspaboTana naboparopHas YCTaHOBKa
BUOPONY/ILCHPYIOIIETO C0s A 06XKHTa, IPOBEICHBI HCCIEOBAHHA KHHETHKH 0GkHra cynbduia
kenesa n mean. PaspaGoTka u BHeapeHue Cyab(H-cos0 Cyb(haTHON TeXHONOTHH MO3BOIMHT Ha 10-
15% nOBBICHTH NpsAMOE H3BJIEYEHHWE LBETHBIX META/JIOB H YCTPaHHUTB BBIACJACHHUE CEPhI B rasbl.
OnyGaukoBanbl cTaTh W noayden natenT PK npeiokeHsl 3¢KH3bl YCTAHOBKH 00KWUra rpasyin i
pereHepaniy Co/ibl JCKTPOAUATHIOM.

PEIIWJIN:
VTBepaMTL  3aKJIIOYMTENBHBI  OT4ET 1O TeMe: «PaszpaboTka  TeXHOJIOrHH
TEPMOrHAPOMETANLTYPrHYECcKOi 1epepaboTKH MONTHMETAIHYIECKHX CYIbQHIHBIX MAaTEPHANOBY) M

PEKOMEH10BATh ISl 3aLUMThl Ha 3acenannn Hayuno-texuuueckoro coera HAO KasHUTY umenn
K.H. Carnacsa.

Mpeaceparens Yuenoro Cosera

Vuenwiii cekperapn

@ KasHUTY 703-07. [poTokon
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[image: image40.png]BBIITUCKA
H3 npoTokoa Nt 3 3acelaHnsi HAY4YHO-TEXHHYECKOr0 COBETA
KasHUTY umenn K.HU. Carnaesa (HTC KazsHUTY)
ot «13» oxTsiops 2020 r.

r. AniMaThbl «13» oxkTsbps 2020 r.

NMPUCYTCTBOBAJIM: npucytcTBoBanu ee dieHbl HTC —
W. Beicembetos, A. Cri3zpikoB, /. Haypeis6aesa, JK. Mibmanues, V. XKan6acOaes,
3. Tyite6axosa, b. Kycnauranues, K. PeicGekos, K. Enemecos, H. Ceiinosa, B.

Owmapb6ekos, A. Capenosa, [I. AnmunmbaeBa — TEXHHYECKUIT CEKpeTapb.
MMOBECTKA JIHS:

1. OGcyxneHne n yTBepikaeHHe 3aKi0duTeNbHBIX oT4eToB 0 HUP HAO
«KasHUTY umenn K.M. Carnaesay» no «['pantoBoMy hHHAHCHPOBAHMIO HAYUHBIX
uccnenopanuit Ha 2018-2020 roxe» 3a 2020 roa.

2 Paznoe.

CJOYIAJIA:

Joknan Hay4yHoro pykoBoautenst mnpoekra AP05133403 «PaspaGotka
TEXHOJIOTHH TEPMOIHAPOMETAIUTYPruyecKkoil nepepaboTKH MOJIUMeTanIHYecKuX
cynbhHaHBIX MaTepuanoB» baumGeroBa Bosiornas Carbinosuua.

[Tocne o6cykaeHns YeHbl HayYHO-TEXHHYECKOro CoBeTa
IMOCTAHOBUJIN:
1. 3akmouutensHeli ortyer mno mnpoekty AP05133403 «PaspaGorka

TEXHOJIOTHH TEPMOTrHAPOMETA/UIyPrHYecKoi mnepepaboTKH [OJIMMeTATIHYECKUX
cynbOHIHBIX MaTepHanoB» Hay4dyHoro pykoBoauteis Baumberosa B. C.
YTBEPAUTH.

2. PekoMeH/I0OBaTh aKTHBHOE yuacTHE B KOHKYpPCaX OOBABIAEMBIX
MOH PK u apyrumu npopuinbHEIMH MHHUCTEPCTBAMH H BEJIOMCTBAMH.

3amecTnTenb npeacefaTens

sacenanus HTC A. Cbi3bIKOB

J1. Ammunmbaena
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