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Есеп 149 беттен, 20 кесте, 37 сурет., 24 көздер, 23 қосымша
 

ТЕРМОДИНАМИКА, МЫС-ҚОРҒАСЫНДЫ ШТЕЙН, шлак, ЖАРТЫЛАЙ ӨНІМДЕР, АйНАЛМАЛЫ материалДАР, ТОТЫҚСЫЗДАНДЫРУ, МЫС-МЫРЫШТЫ концентрат, кокс, ТАБИҒИ ГАЗ.

Зерттеу нысаны: қорғасын құрамды жартылай өнімдер мен қайтармалы материалдар, қиын өңделетін мыс-мырышты концентраттар.
Жұмыстың мақсаты: Қорғасынды жартылай өнімдері мен айналмалы материалдарынан қорғасынды, мысты, мырышты тауарлы өнімдерге тікелей бөліп алудың жаңа технологиясын жасақтау.
Жұмысты жүргізу әдісі және әдістемесі: термодинамикалық талдау, мөлшерлі көпэлементті және рентгенофазалық талдау, берілген РО2 және PS2 мәндерінде шлак–газ, штейн–шлак–газ жүйелерінің тепе-теңдігін зерттеудің жаңа әдістемесі.
Жұмыстың нәтижелері және олардың жаңалығы. Конвертерлік шлактарды Cu-Zn концентратпен тотықсыздандырып-сульфидтендіріп кедейлендіру бойынша жаңа мәліметтер. Cu штейнге – 96%, Pb қара қорғасынға – 92%, Zn шлакқа – 87% және As, Sb шаңға – 82 және 78%, сәкесінше жоғары шығымын қамтамасыз ететін оптималды концентрат шығымы (20%) орнатылды. Электрпешінде шихта мен Cu-Zn концентратты бірге балқыту бойынша жаңа мәліметтер алынды. Pb қара қорғасынға - 92,0%, Cu тауарлы штейнге - 96,0%, As пен Sb шаңға 91 және 89% сәйкесінше жоғары бөліп алуы жетті. Жаңа технологияның жаңа аппаратуралық-технологиялық сұлбасы және тәжірибеге технологиялық ұсыныстар ұсынылды.
Нәтижелерді қолданылу аймағы. Қазақстан түсті металлургия өнеркәсіпорындары.

Енгізуге ұсыныстар немесе ғылыми зерттеу жұмыстарының мәліметтерін енгізудің нәтижелері. Қорғасынды жартылай өнімдер мен айналмалы материалдарды Cu-Zn концентратпен бірге өңдеудің жаңа жоғары технологиялы барботажды технологиясын пайдалану.
Экономикалық тиімділігі немесе жұмыс маңыздылығы: Cu, Pb, Zn, As және Sb мақсатты тауарлы өнімдерге бөліп кешенді алудан тұрады.
Зерттеу нысанын дамыту бойынша болжамды ұсыныстар. Жасақталған технологияны қолдану қоршаған ортаны қорғауға талаптардың күшею позициясынан қиындатылған және кәсіпорынның экономикалық тиімділігін көтеруге өзекті.
ABSTRACT
Report 149 pages, 20 tables, 37 figures, 24 sources, 23 appendixes. 
THERMODYNAMICS, COPPER-LEAD MATTE, SLAG, INTERMEDIATE PRODUCTS, RECYCLED MATERIALS, REDUCTION, COPPER-ZINC CONCENTRATE, COKE, NATURAL GAS.

Objects of research: lead intermediate products and recycled materials, difficult to process copper-zinc concentrate.

Purpose of the work: Development of a new technology for the direct extraction of lead, copper, zinc into marketable products from substandard intermediate products and recycled materials of lead production.

Methods and methodology of work: thermodynamic analysis, quantitative multi-element and X-ray phase analysis, a new technique for studying the equilibrium of the systems: slag - gas, matte - slag - gas under conditions of controlled PO2 and PS2 values.
Main results and novelty of the work: New data on reduction-sulfiding depletion of converter slags with different consumption of Cu-Zn concentrate. The optimal consumption of the concentrate (20% of the slag weight) has been established, which ensures high extraction of Cu to matte - 96%, Pb to rough lead - 92%, Zn to slag - 87% and As, Sb to dust - 82 and 78%, respectively. On the basis of large-scale laboratory tests, new data were obtained on the joint smelting of the initial charge together with high-sulfur Cu-Zn concentrate in an electric furnace. Achieved high values ​​for the extraction of Pb in blister lead - 92.0%; Cu into commercial copper matte - 96.0%; As and Sb to dust - 91 and 89%, respectively. Technological recommendations for practice were given and a new instrumental-technological scheme of the new technology was proposed.
Scope of the results. Non-ferrous metallurgy enterprises in Kazakhstan.
Recommendations for the implementation or the results of the implementation of research results. To use the developed new high-tech bubbling technology for processing substandard lead semi-products and recycled materials together with high-sulfur copper-zinc concentrate.

The economic efficiency or significance of the work lies in the complex extraction of copper, lead, zinc, arsenic and antimony into the target marketable products (matte, lead bullion, slag, dust, respectively) during the joint processing of semi-finished products and recycled materials of lead production with difficult to process copper-zinc concentrate.

Predictive proposals for the development of the research object. The relevance of the use of the developed technology is aggravated from the standpoint of toughening the requirements for environmental protection and increasing the economic efficiency of enterprises.
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INTRODUCTION

Assessment of the current state of the scientific and technical problem and its relevance.

The current state of blast concentrating smelting technology does not ensure the achievement of high technological indicators and is characterized by low recoveries of valuable metals into targeted products. Recovery of copper to matte is ~ 83%, zinc to slag – 60 %, lead to blister lead barely reaches 60 %. The resulting products are characterized by a high content of impurities (As, Sb), which significantly reduces their quality. The process is accompanied by a high yield of dust (up to 15 % of the weight of the loaded charge). The dust content of the gases obtained is twice that of the agglomerating firing. Dust, characterized by a high content of non-ferrous metals,%: 6.2 Pb; 4.41 Cu; 5.5 Zn. In this case, the extraction of arsenic into dust is about 60%, and antimony – 50 % [1].
In this regard, the solutions developed in the work based on the construction of a general concept of a new high-tech bubbling technology for processing substandard intermediate products and recycled materials of lead production with addition of high-sulfur copper-zinc concentrate seem relevant and promising.

Justification and initial data for the development of the topic. During processing substandard intermediate products and recycled materials, none of the existing technological processes achieves a high recovery of valuable metals. A sufficiently deep sublimation of arsenic and antimony into dust is not ensured, which reduces their removal from the main production. Because of their accumulation in the main production, the material and energy costs for the production of lead and copper increase.

The existing technology of mine contractile smelting at Kazzinc Ltd requires a high consumption of expensive coke and is accompanied by large emissions into the atmosphere of poor SO2 gases that are difficult to utilize. The technology is designed for processing a complex conglomerate of a mixture consisting of copper-lead mattes of blast smelting, converter slag and recycled materials of rough lead refining: copper slips, alkaline melts, lead cakes, etc.

The technology is aimed at the extraction of basic metals - copper and lead. At the same time, the extraction of copper into matte is low and amounts to ~ 83 %. Lead extraction in rough lead barely reaches 60 %. Low lead recovery is explained by its high content in matte (up to 30 %) and slag (up to 1.7 %). The process is accompanied by a high consumption of expensive coke and slag output (up to 50 % of the weight of the loaded charge), high energy and material costs.

Justification of the need for current research. The lack of a reliable rational technology for processing lead intermediate products and recycled materials has become one of the most serious problems requiring urgent solutions.

To develop a bubbling redox technology aimed at processing lead intermediate products and recycled materials, new data on the modernization of the existing technology of blast concentrating smelting is needed, including the selection of a new composition of the charge and solving environmental problems. This requires additional studies of the distribution of non-ferrous metals, As and Sb between smelting products, which are practically not given in the technical literature.

The proposed technology in this work represents a fundamentally new development, which allows solving the problem of creating a highly efficient and economically justified processing of lead intermediate products, recycled materials and difficult to process high-sulfur copper-zinc concentrate in one stage in existing conditions in Kazakhstan and abroad.

The purpose of this stage of research is to study the distribution of non-ferrous metals, As and Sb between smelting products, in relation to the conditions of blast concentrating smelting.

Information about the planned scientific and technical level of development, about patent research and conclusions from them. Analysis of modern scientific and technical literature and the results of patent search, only related to the topic of the project of inventions, showed that the task of rational processing of lead intermediate products, recycled materials and difficult to process high-sulfur copper-zinc concentrate in one stage is relevant for the theory and practice of metallurgy of non-ferrous metals and non-ferrous metallurgy enterprises.

Information about the metrological support of research work. To conduct large-scale laboratory tests, the production site and metallurgical equipment of the Rudno-Altai experimental enterprise (LLP "RAEE") were used.
Scientific novelty of the obtained results. New data were obtained on the forms of occurrence of non-ferrous metals, As and Sb in slags and mattes. It is shown that the proportion of copper oxide losses during smelting prevails over sulfide losses and amounts to ~ 78 %. A high proportion of lead in the slag in the form of its sulphide (~ 50 %) was established, which allows to conclude that the reduction of lead sulphide and the separation of matte and slag during smelting is insufficient.
New data have been obtained on the distribution of copper, lead, zinc, arsenic and antimony in a complex compositional system: copper-lead matte - slag - gas phase. It has been established that the addition of copper-zinc concentrate to the initial charge in an amount of 30% of the charge weight creates the condition for the optimal ratio PbS: PbO = 1: 2, which ensures the maximum release of rough lead. The optimal composition of the slag was established, which ensures the maximum extraction of zinc into the slag (up to 93 %) and the minimum content of copper (0.3 %) and lead (0.5 %) in it: SiO2 = 26-28wt.%, CaO = 8-10.0 %, FeO/SiO2 ratio = 0.8 ÷ 0.9.

It was found that the addition of copper-zinc concentrate to the initial charge creates a condition for maintaining the optimal ratio PbS:PbO=1:2, which is necessary for the maximum production of rough lead.

New data were obtained on the distribution of metals between the products of smelting a new charge with the addition of 30 % high-sulfur copper-zinc concentrate. Good results have been achieved in the extraction of metals into targeted products: copper in matte - 94.8 % against 88.9% for the existing technology; lead to rough lead - 93.6 % versus 70.8%; zinc to slag - 94.7 % versus 83.7 %; arsenic to dust – 91 % versus 69.5% and antimony to dust - 92.3 % versus 59.8 % according to the existing technology.

Based on the results of laboratory and large-scale laboratory studies, the main technological parameters of the recommended technology have been established.

The connection of this topic with other research works.

The new theoretical results obtained in this work will be used in the theory and practice of metallurgical processes. The results of large-scale laboratory tests are applicable for the implementation of technology at metallurgical enterprises of non-ferrous metallurgy for the processing of lead intermediate products, recycled materials and difficult to process high-sulfur copper-zinc concentrate.

Research results for 2018 and 2019 are given in the Reports: NIR No. ГР 0118РК00045, inv. No. 0218РК00067 on the topic: "Investigation of the scientific foundations of redox processes occurring during the processing of complex multicomponent melts" (intermediate, No. AP05130595) // Dosmukhamedov N.K. et al., Almaty, 2018. - 65 p., and research work No. ГР 0118РК00045 inv. No. 0219РК00363 on the topic: "Study of the distribution of metals between the products of smelting of various types of copper and lead containing raw materials during the redox treatment of the melt with oxygen and natural gas" (intermediate, No. AP05130595) // Dosmukhamedov N.K. et al., Almaty, 2019. – 97 p.

Based on the results of the studies performed in the period 2018-2020 27 works were published, in 2020 - 12 publications, including 2 patent applications of the Republic of Kazakhstan and 4 articles in the materials of International scientific conferences.

1 Research of the scientific foundations of redox processes occurring during the processing of complex multicomponent melts

The purpose of the 1st stage of research work is to study the scientific foundations of redox processes occurring during the processing of complex multicomponent melts.

Main results and novelty of the work for the 1st stage of research. New results were obtained on liquidus temperatures of high-copper slag melts and optimal compositions of Cu2O-FeO-CaO-SiO2 slags were established, providing the presence of one stable liquid phase saturated with copper oxide. The liquidus line is constructed in the form of a projection onto the Cu2O-FeO/SiO2-CaO plane. The effect of the placement of liquid slags saturated with copper oxide in the two-phase region (liquid slag and solid oxides, conventionally designated as "spinel") of the Cu2O-FeO-CaO-SiO2 system has been established. For the first time, the solubility of Cu2O in the region of completely liquid slag was established, the dependences of the solubility of Cu2O in the slag on the CaO/SiO2 and SiO2/Fe ratios were constructed.

New data were obtained on the depletion of high copper converter slags by sulfiding.The design of a submersible lance and a system for supplying blast (oxygen, natural gas) to the melt has been developed. 

The main technological and technical-operational indicators for the 1st stage of research and development. It was established for the first time that for all temperatures studied, a minimum concentration of copper oxide in the slag is observed on the spinel isotherm, and this minimum is clearly pronounced for temperatures of 1200 and 1250 ° C and corresponds to a change in the CaO /SiO2 ratio from 0.75 to 1.2. It was established for the first time that the joint melting of converter slag with copper concentrate reduces the content of metals in the final slag: copper - 1.5 times, arsenic, antimony - 3.5 times. The possibility of implementing the method without special material costs makes it possible to use it in the existing scheme for the production of blister copper. It has been found that the reduction of lead sulfide by clinker under conditions of simultaneous bubbling of the melt with natural gas for 30 minutes reduces the lead content in the matte to 6%. The resulting commercial matte contains up to 60% copper. 
The degree of implementation for the 1st stage of research. The results of studies on the depletion of copper-lead mattes in lead by intensive bubbling of the melt with natural gas in the presence of a sulfidizer (copper, copper-zinc concentrate) and a reducing agent (coal, natural gas) have shown the possibility of obtaining a commercial matte with a high copper content (up to 60%).

The developed new design of the submersible lance allows for sequential blowing of the melt with air and natural gas for the required time with a long service life of the lance.

2 Technological experiments on the processing of various types of raw materials in redox conditions and the study of the distribution of metals between smelting products

The purpose of the 2nd stage of research work is to study the distribution of metals between the products of melting of various types of copper- and lead-containing raw materials during the redox treatment of the melt with oxygen and natural gas.

Main results and novelty of the work for the 2nd stage of research. The regularities of the degree of metallization of factory mattes have been established. The thermodynamic possibility of reduction of lead sulfide from matte with natural gas has been substantiated. Technological experiments on the recovery of substandard mattes (Appendix F, G) with natural gas were carried out. New data on the solubility of lead in binary and ternary sulfide alloys have been obtained, and the dependences of the activity coefficient of lead and Gibbs energy on composition and temperature have been established (Appendix H). A fundamentally new technological scheme for the redox melting of sulfide intermediate products together with oxidized materials of lead production has been developed.

Basic technological and technical and operational indicators for the 2nd stage of research. When organizing the processes of direct production of lead, it is necessary to provide for a separate finishing of the matte by its sequential blowing: first with oxygen, in order to convert iron into slag, then with natural gas, for the complete reduction of lead sulfide in the mattes. It has been established that the use of natural gas reduces coke consumption by three times and makes it possible to achieve a high extraction of copper into commercial matte (85.2%) and lead into blister lead - up to 80%. For the first time, on the basis of laboratory (Appendix K) and large-scale laboratory experiments (Appendix L), it was proved that under the conditions of redox melting of sulfide intermediates together with oxidized materials of lead production, a high extraction of metals into target products is achieved: lead into rough lead - 96.2 %, zinc in slag - up to 95%, copper in matte - 97.8%, arsenic and antimony in dust - up to 95% each.

The degree of implementation for the 2nd stage of research. The possibility of selective extraction of copper, lead, arsenic and antimony from lead sulfide intermediate products and recycled materials into targeted products by redox blowing of the melt with oxygen and natural gas has been shown (Appendix M).

Recommendations are given on the use of the results obtained in the development of a general concept of technology for processing lead intermediate products, recycled materials and copper-zinc concentrate with a high extraction of non-ferrous metals, arsenic and antimony into dust.
3 Research of the distribution of non-ferrous metals, arsenic and antimony between melting products, applicable to the conditions of blast concentrating smelting (BCS)
3.1 Research of the forms of presence of non-ferrous metals, arsenic and antimony in the initial and obtained products of BCS
3.1.1 Research methods

Investigated 36 paired samples of solid slags and mattes BCS.
Elemental analysis was performed using an Agilent 7700 Series ICP-MS inductively coupled plasma mass spectrometer (USA).

The study of the forms of metal presence was carried out using an automated X-ray diffractometer DRON-3 with CuК( - radiation, β-filter. Conditions for recording diffraction patterns: U = 35 kV; I = 20 mA; θ-2θ recording; detector 2 deg/min. X-ray phase analysis on a semi-quantitative basis was carried out on the basis of diffraction patterns of powder samples of slags and mattes using the method of equal portions and artificial mixtures. The quantitative ratios of the crystalline phases were determined. Interpretation of diffractograms was carried out using data from the ICDD card index: the database of powder diffractometric data PDF2 (Powder Diffraction File) and diffractograms of minerals free of impurities. The composition was calculated for the main phases.

In order to reproduce the obtained results, individual paired powder samples of slags and mattes were additionally processed on a D8 Advance diffractometer (Bruker) with α-Cu radiation, with a tube voltage of 40/40. The processing of the obtained data of diffraction patterns and the calculation of the interplanar distances were carried out using the EVA software. Sample decoding and phase search were carried out by the Search/match program using the ASTM Cards Database.

Mineralogical studies of the surface structure of solid samples of mattes and slags were carried out using a Neofot microscope (Carl Zeiss AG, Germany). Micro- and morphological analysis of the surface of individual slag samples was carried out using a JEOL EDS System (USA) scanning electron microscope.

Investigations were carried out in 36 paired samples of solid slags and mattes of mine contractile smelting obtained during processing of the initial charge of constant composition. It was found that the structure of all studied solid samples of slags and mattes, with the exception of insignificant quantitative changes in phase associations (with a change in the iron content in the matte), which constitute their basis, remained constant.

3.1.2 Research results and discussion
The results of studies of the elemental composition of mattes and slags, the forms of occurrence of non-ferrous metals, arsenic and antimony in the initial and obtained products of BCS, as well as the degree of metallization of mattes are given in Appendix J.
The results of semi-quantitative X-ray phase analysis of slag and matte are shown in Tables 1 and 2, respectively.

Table 1 – Results of semi-quantitative X-ray phase analysis of slag

	Name
	Formula
	Concentration, %

	Olivine
	(Mg,Fe)2(SiO4)
	20.4

	Fayalite
	Fe2(SiO4)
	20.0

	Pyroxene (hedenbergite1)
	CaFe(Si2O6)
	18.6

	Pyroxene (hedenbergite2)
	CaFe(Si2O6)
	14.5

	Pyroxene (petedunnite)
	CaZnSi2O6
	12.1

	Magnetite
	Fe3O4
	6.8

	Cu, Zn, Fe oxides
	Cu0.5Zn0.5Fe2O4
	5.6

	Galena
	PbS
	1.9


Table 2 – Results of semi-quantitative X-ray phase analysis of matte 

	Name
	Formula
	Concentration, %

	Chalcozin
	Cu2S
	38.9

	Galena
	PbS
	13.7

	Sphalerite
	ZnS
	6.3

	Iron sulfide
	FeS
	7.2

	Delafossitis
	CuFeO2
	1.8

	Magnetite
	Fe3O4
	6.3

	Fayalite
	Fe2SiO4
	3,8

	Metallic lead
	Pb
	12,2


The base of the slag is represented by fayalite (Fe2SiO4). On the background of fayalite and unbound cristobalite (SiO2), magnetite (Fe3O4) was found in the form of intergrowths of fine grains. There are also visible clusters of delafossite (CuFeO2) in the form of thin needles and small drop-shaped wustite (FeO) grains.

As a result of studies of the microstructure of a slag sample using a JEOL EDS scanning electron microscope (Fig. J.3), inclusions of gehlenite (Ca2Al2SiO7) and an insignificant amount of red-brown spinels ((Fe,Са)·(Fe,Al,Zn)2O4) were found.

Lead in the slag is represented by oxide, small inclusions of metallic lead and galena (PbS). Pronounced inclusions of white color with high reflectivity, characteristic of metallic compounds of an alloy of copper and iron with arsenic and antimony (Me3As, Me3Sb, where Me are Cu, Fe) were found. Copper is mainly present in the oxide form. The proportion of the sulfide form of copper varies from 30 % to 38 %.

The obtained results are consistent with the data of [2]. It was found that the proportion of the sulfide component of lead is ~ 50% of its total content in the slag. This indicates that during blast concentrating smelting, a significant redistribution of the forms of presence of lead between the matte and slag does not occur. Therefore, in order to minimize the lead content in slag during blast concentrating smelting, it is necessary to provide measures aimed at reducing the dissolved (PbO, PbMe) and mechanical losses of lead (PbS) in the matte.

Minor elements - arsenic and antimony in slags, for the most part, are presented in oxide form. Antimony is partially found in metallic form (Sb°). The obtained results in line with the data of works [3-6].

The structure of copper-lead mattes looks somewhat more complicated. Figure J.4 (Appendix J) shows that mattes are basically solid pyrrhotite solution, monosulfide solid solutions of lead, zinc and metal inclusions. The presence of intergrowths and individual grains of magnetite in the mattes was confirmed. Large and small inclusions of metallic copper and a significant amount of inclusions of metallic lead were found. In a thin cleavage, there is a transparent type of plattnerite (PbO2). Found metal inclusions characteristic of the alloy of copper, iron with arsenic and antimony. In addition, mattes also contain phases dispersed in each other. Large inclusions of delafossite (CuFeO2), magnetite (Fe3O4) and fayalite (Fe2SiO4) have been identified. This indicates that the same structural components can have different origins: crystallize from a melt, or form as a result of transformations in a solid state.

In all studied samples of mattes, copper is mainly presented in the form of sulfide (Cu2S). Compounds of copper with arsenic (Cu3As) and in insignificant amounts with antimony (Cu3Sb) with distinct outlines were found. Small copper inclusions are presented as ferrites. Compounds of arsenic and antimony with iron were also found. The proportions of the established forms of copper in all samples of mattes are approximately equal and are at the level: in the form of sulfide – 80 %, in the form of metal (proportion of intermetallic compounds) ~ 15 % and in the form of copper ferrites - about 5% of the total copper content in the mattes.

Lead in mattes is presented in two forms - sulfide (PbS) and dissolved form - in the form of PbO and PbMe. The proportions of the dissolved and sulfide forms of lead are approximately equal.

The established forms of the presence of copper and lead in the products of blast concentrating smelting have a fundamental importance for determining the quantitative ratios of oxide and sulfide losses of metals with slag and determine the final distribution of metals between smelting products.
3.1.3 Distribution of copper, lead, arsenic and precious metals between products of blast concentrating smelting 
The current technology of joint processing of lead intermediate products and recycled materials of lead production under the conditions of KazZinc Ltd. does not ensure high copper and lead extraction. The question of reducing copper and lead losses with lead slag remains open. Particularly an important issue is the study of the distribution of non-ferrous and associated metals between matte and slag, the results of which have a great importance for optimizing the technological parameters of the process.

The methodology based on the analysis of the compositions of industrial samples of slags and mattes of blast concentrating smelting of KazZinc Ltd. was adopted as the basis for solving the raised questions (Table N.1, Appendix N).
The increased content of arsenic in mattes shifts its composition towards metallization due to the formation of a copper intermetallic compound (Cu3As). As a result, copper is redistributed between matte and slag, which leads to an increase in the proportion of copper losses with slag in metallic form (in the form of copper intermetallic compounds).

Based on the analysis of variance, equations were obtained that describe the dependence of the metal distribution coefficient (LMe) on the slag basicity coefficient (Jbase):

LCu = 56.18+8.22 xJbase,              r = 0.31; р = 0.201;                            (1)

LPb = 31.36-3.32 xJbase,               r = 0.11; р = 0.648;                            (2)
LAs = –10.4+18.09 x Jbase,            r = 0.58; р = 0.017;                            (3)

LAu = 165.15+25.72 x Jbase,          r = 0.41; р = 0.088;                            (4)

LAg = 208.62+51.61 x Jbase,          r = 0.30; р = 0.203.                            (5)

Low values of the pair correlation coefficients of equations (1) - (5) indicate a weak relationship between the parameters under consideration. 

Multiple correlation equations predicting the distribution coefficients of metals from the slag composition with high statistical significance (p <0.05) are as follows:

LCu = 148.4 – 1.42xFeO – 2.26xSiO2  – 0.27xZnO + 0.93xCaO + 0.48xAl2O3 + 2.1xMgO, 
r = 0.9; р = 0.04;                                                                                                                          (6)     

LPb = –154.78 + 2.53xFeO + 2.28xSiO2 – 0.06xZnO + 3.44xCaO – 1.3xAl2O3 – 3.25xMgO, 
r = 0.93; р = 0.038;                                                                                                                      (7)        
LAs = –7.19 + 1.11xFeO – 0.81*SiO2 + 0.69xZnO + 0.81xCaO – 2.36xAl2O3 + 4.83xMgO,  

r = 0.82; р = 0.043;                                                                                                                      (8)           
LAu = 345.75 – 0.2xFeO – 7.04xSiO2 – 0.93xZnO + 1.65xCaO + 6.19xAl2O3 +  1.4xMgO,      
r = 0.81; р = 0.028;                                                                                                                      (9)       
LAg = –306.95 + 10.65xFeO – 0.04xSiO2 + 0.21xZnO + 16.03xCaO – 0.16xAl2O3 + 51.74xMgO, r = 0.80; р = 0.039.                                                                                                                    (10)           
Calculated data on the distribution of Cu, Pb, As, Au and Ag between matte and slag from the slag composition, obtained according to equations (6) - (10), show that their minimum losses correspond to the slag composition, wt%: 18-20 SiO2 ; FeO / SiO2 = 0.9 ÷ 1.2; 10 ÷ 15 CaO. In this case, optimization of the slag composition must be carried out not only by increasing the consumption of calcium flux, but by replacing iron oxide with calcium oxide. This can be achieved by replacing copper-zinc ore in the initial charge of blast concentrating smelting with copper-zinc concentrate.


Conclusions for the section:

1) In the conditions of BCS low recovery of copper to matte is due to an increase in copper losses with slag. It has been established that the proportion of copper oxide losses during smelting prevails over sulfide losses and is about 78 %. Consequently, in order to reduce copper losses with slag, it is necessary to provide measures to reduce copper oxide losses.

2) A high proportion of lead in the slag in the form of PbS (~ 50 %) indicates its incomplete recovery and separation of matte and slag during smelting. The presence of a dissolved form of lead in the form of a metal in slags requires taking measures to reduce the solubility of lead in mattes. Significant losses of lead with matte (up to 25 %) reduce its extraction into rough lead and increase the loss of precious metals, both with matte and slag.

3) It was found that during smelting of existing initial charge at a given composition, it is practically impossible to obtain high rates for the extraction of non-ferrous metals. It is quite obvious that it is necessary to find new approaches and solutions aimed at optimizing the composition and structure of the initial charge.
3.2 Research of the interaction of the components of the initial charge with oxide and oxide-sulfide melt

In this section, the behavior of non-ferrous metals, arsenic and antimony during the processing of intermediate products and recycled materials with high-sulfur copper-zinc concentrate is presented. The research is based on the thermodynamic analysis of the reactions of interaction between the components of converter slag and copper-zinc concentrate.

3.2.1 Research methods

The thermodynamic analysis of the reactions of interaction between the components of the converter slag and copper-zinc concentrate was carried out on the basis of thermodynamic calculations of the Gibbs energy versus temperature. Data on the free energies of the initial substances and reaction products, as well as their entropies and heat capacities were borrowed from [9, 10, 11]. For the standard state of oxides and sulfides of non-ferrous metals, iron, arsenic and antimony, the state is taken as pure liquid supercooled oxide (MeOliq) and sulfide (MeSliq). The exception is arsenic and antimony sulfides, the standard state of which is As2S3, Sb2S3 in gas form. Only those reactions that were characterized by high values ​​of the decrease in the Gibbs free energy (∆G) were accepted for analysis. Thermodynamic calculations were carried out using a specially developed program using the capabilities of modern computer technology. 

X-ray phase analysis of samples of copper-zinc concentrate and converter slag was carried out using a D8 Advance instrument (Bruker), α-Cu, with a tube voltage of 40/40. The processing of the obtained data of diffraction patterns and the calculation of the interplanar distances were carried out using the EVA software. Sample decoding and phase search were carried out by the Search/match program using the ASTM database.

Mineralogical studies of the microstructure of solid samples of converter slag were carried out using a NEOFOT-21 microscope (Carl Zeiss). 

3.2.2 Results and discussion 

3.2.2.1 Analysis of the structure and composition of the initial charge 

The average compositions of intermediate products and materials that make up the initial charge are presented in Table 3.

Table 3 – Average compositions of the components of the initial charge and products of blast concentrating smelting

	Name of the products
	Content of components, wt.%

	
	Cu
	Pb
	Zn
	Fe
	S
	As
	Sb
	SiO2
	СаО

	The composition of the initial charge:

Copper slips

Converter slag

Poor matte

Alkaline melts

Copper-zinc ore

Flux ore
	19.0

3.83

20.8

0.03

3.72

-
	30.3

33.5

18.5

22.4

0.37

-
	6.05

4.54

11.4

9.3

3.65

-
	0.8

12.7

22.0

-

28.0

-
	7.7

0.6

11.1

-

31.48

-
	4.0

2.8

1.5

0.3

   -

   -
	2.08

0.95

0.21

0.44

-

-
	-

15.7

1.8

-

7.3

71.0
	-

1.24

1.2

2.8

14.3

10.8


Calculated chemical composition of the averaged initial charge, wt.%: 10.29 Cu; 21.78 Pb; 5.45 Zn; 9.8 Fe; 2.08 As; 0.92 Sb; 8.0 S; 16.95 SiO2; 3.46 CaO; 26.4 - others.

In practice, a mixture of poor matte, alkaline melts, copper-zinc ore and quartz flux ore is called concentrating smelting charge ("CS charge"). In the structure of the initial charge, the share of "CS charge" is 44%, including: 16% are poor mattes; 17% - fluxed quartz ore; 7% - copper-zinc ore and 4% - alkaline melts.

Copper slips (30 %) account for the largest share in the charge. The proportion of converter slag in the charge is 26%. In practice, its share in the charge can be up to 30 %. Attention is drawn to the high content of lead in the slag (33.5 %).

Poor mattes are a product of blast reduction smelting. Its copper content is low and amounts to 20.8 %. The ratio of copper to lead in mattes is 0.8-1.2. With a furnace capacity of 10-25 t/d for a charge, the average monthly matte yield is ~ 550 t. Due to the increased concentrations of lead, arsenic and antimony in them, the matte quality is very low.

Alkaline refining melts are also characterized by a high lead content (up to 25 %). The amount of arsenic and antimony in them can reach 1.0 %. Alkaline melts contain, %: 2.35 cadmium, 7.6 thallium and 0.023 tellurium. Due to their insignificant share in the charge (~ 4 %), the influence of the components of alkaline melts on the general technological parameters is insignificant.

Copper-zinc and quartz flux ore, in addition to the components indicated in Table 3, also contain precious metals. The consumption of copper-zinc ore is ~ 7 %, which is added to the charge solely for the purpose of increasing the zinc content in the final slag. At the same time, a significant amount of iron and gangue is introduced into the process with copper-zinc ore, which complicates the composition of the slag and increases its yield. To adjust the composition of the slag, quartz ore is added to the charge as a flux. Smelting is carried out to keep the following slag composition, wt.%: 19 Fe, 27 SiO2, 8.5 CaO. The content of zinc oxide in the final slag is 8-10 %.

In work [12] it was established that the consumption of quartz ore, accepted in practice, is almost twice the amount required to obtain slag of a given composition. At the same time, an increased amount of free quartz is observed in the slag, which determines a large slag yield during smelting (~ 40 %).

Improvement of the existing BCS technology can be achieved by changing the composition of the initial charge by joint processing of intermediate products, recycled materials and high-sulfur copper-zinc concentrate composition, wt.%: 18.6 Cu; 12.5 Zn; 2.3 Pb; 24.6 Fe; 33.4 S; 0.22 As; 0.24 Sb. The proposed solution has a number of fundamental technological advantages. Firstly, the organization of direct processing of copper-zinc concentrate will increase the complexity of its use and ensure high extraction of non-ferrous metals from it into targeted products: copper - into matte, zinc - into slag, lead - into roughr lead. Secondly, replacing copper-zinc ore with high-sulfur copper-zinc concentrate will reduce the amount of gangue and iron introduced into the process. This will significantly reduce the consumption of quartz flux. The taken measures will significantly reduce the slag yield. The simultaneous use of high-sulfur copper-zinc concentrate as a sulfidizer for depletion of converter slag in non-ferrous metals, arsenic and antimony will ensure their equilibrium distribution between the smelting products, which will significantly improve the formation of phases, their separation and the quality of the final products. 

When smelting is carried out, the next main and necessary condition must be observed - ensuring the optimal composition of the slag, which is a collector of zinc oxide. For technologies such as blast concentrating smelting, where mass and heat exchange processes take place in the slag melt, the composition and physico-chemical properties of the slag have fundamental importance. The composition of the slag should correspond to the conditions of maximum solubility of ZnO with retention of low melting point [13]. In case of excessive accumulation of ZnO in slags, it is necessary to adjust their composition in order to ensure fusibility and, accordingly, fluidity. In the conditions of melting the charge with copper-zinc concentrate, adjustment of the slag composition is carried out by selecting the optimal consumption of copper-zinc concentrate. Substitution of copper-zinc ore by copper-zinc concentrate naturally regulates and determines the optimal composition of the slag by the content of FeO, CaO and SiO2. The choice of the optimal composition of the FeO–CaO–SiO2 slag is very important from the point of view of ensuring the minimum concentrations of impurities and copper [14], as well as the maximum solubility of ZnO, which ensures the low melting point of the final slag [15]. For maximum concentration of ZnO in slags, the CaO content in them should not exceed 16%: at CaO = 24 %, ZnO in slags becomes almost insoluble. A decrease in the SiO2 content in slags increases the solubility of ZnO in slags [13]. These conditions can be provided by selecting a new composition of the charge with the addition of high-sulfur copper-zinc concentrate. To confirm this assumption, it is necessary to conduct additional research to study the interaction of the components of the initial charge with copper-zinc concentrate.

3.2.2.2 Thermodynamic analysis of the reactions of interaction of the components of the initial charge with oxide and oxide-sulfide melt

The thermodynamics of the multicomponent system Cu–Me–Fe–S–O–SiO2, where: Me - Pb, Zn, As, Sb, has not been studied enough. Systemic studies mainly relate to the study of minor elements of impurities, as applied to copper smelting of concentrates [4-6, 16]. The usual analysis of equilibrium for the conditions of reduction-sulfiding smelting and reduction-sulfiding depletion of slags comes down to considering the processes of reduction and sulfiding separately, which seems to be informative a little bit. For the conditions of blast concentrating smelting, information on the composition of the equilibrium of multicomponent mixture formed as a result of the interaction of the initial components of the charge, copper-zinc concentrate and quartz flux is much more important.

Thermodynamic calculations were carried out taking into account the results of X-ray phase analysis of converter slag and copper-zinc concentrate, as well as mineralogical studies on the forms of metal presence in converter slags. It has been established that the basis of the copper-zinc concentrate is the higher sulfides as chalcopyrite (CuFeS2) and pyrite (FeS2). Nonferrous metals are presented in the form of their sulfides - chalcocite (Cu2S), sphalerite (ZnS) and galena (PbS). Minor amounts of arsenic and antimony are associated with higher sulfides based on iron and copper.

Converter slag is mainly represented by fayalite (2FeO∙SiO2). The inclusions of magnetite (Fe3O4) were found, the proportion of which is ~ 16 %. Lead in the slag is found in the form of oxide, which is practically all bound in lead silicate (PbO∙SiO2). Zinc, like lead, is bound to silicate in the form of its oxide. Copper is presented in the form of CuO1.5 oxide. Arsenic and antimony were found in the slag in the form of As5+, Sb5+ or As2O5 and Sb2O5, which is supported by the studies of the authors of [3, 17].

The study of physico-chemical processes related to the direct processing of intermediate products and recycled materials with copper-zinc concentrate is based on the thermodynamic assessment of reactions involving PbS and PbO, in which metallic lead is obtained as one of the smelting products. A number of reduction-sulfiding reactions with the participation of oxides of non-ferrous metals, iron, arsenic and antimony with their sulfides and dissociation products of higher sulfides were also investigated.

Table 4 shows the calculated values ​​of the Gibbs free energy and equilibrium constants of the reactions of interaction between the components of the charge and oxide melts in the temperature range 1073 ... 1573 K.

Reactions (21) - (39), in order to systematize thermodynamic analysis, are grouped by purpose.

The first group is represented by reactions of interaction between sulfides of non-ferrous metals and decomposition products of higher sulfides of copper-zinc concentrate and oxides of non-ferrous metals and iron. For their intended purpose, these reactions describe the physico-chemical processes of the transition of copper sulfide into matte and zinc oxide into slag with further formation and separation of matte and slag phases.

The chemistry of the ongoing transformations can be represented by a system of reactions:

2CuFeS2 = Cu2S + 2FeS + 0,5S2   (∆GТ° = 138.9-0.353T, kJ/mol),           (11)

          FeS2 = FeS + 0,5S2                       (∆GТ° = 170.75-0.167T, kJ/mol),         (12)

          4Cu2O + 3S2 = 4Cu2S + 2SO2      (∆GТ° = -542.84+0.036T, kJ/mol),         (13)

Cu2O + FeS = Cu2S + FeO          (∆GТ° = -47.88-0.046Т, kJ/mol),            (14)

Cu2O + ZnS = Cu2S + ZnO         (∆GТ° = -37.254-0.041Т, kJ/mol),          (15)

Cu2O + PbS = Cu2S + PbO         (∆GТ° = 3.207-0.046Т, kJ/mol),              (16)

PbO  + ZnS = PbS  + ZnO          (∆GТ° = -40.461+0.006Т, kJ/mol),          (17)


2FeO + 1,5S2 = 2FeS + SO2        (∆GТ° = -175.66+0.074Т, kJ/mol),          (18)

          4Fe3O4 + S2 = 12FeO + 2SO2        (∆GТ° = 938.95-0.633Т, kJ/mol),             (19)

           3Fe3O4 + FeS + 5SiO2 = 5(2FeOxSiO2) + SO2    (∆GТ° = -50.695-0.021Т, kJ/mol).        (20)

The results given in Table 19 show that, under the conditions of BCS (1573 K), the calculated values of the Gibbs free energy of reactions (11) - (20) are quite high, except for reaction (19), which can occur at temperatures above 1473 K.

The high thermodynamic probability of reactions (11) - (16) proves the fundamental possibility of sulfiding copper oxide by decomposition products of higher sulfides (reactions (11) and (12)) and sulfides of non-ferrous metals supplied with copper-zinc concentrate. The direction of the reactions (11) - (16) ensures the formation of a matte phase with a high copper content.

Table 4 – Change in Gibbs free energy (∆GТ°) and equilibrium constant (lg Kp) for reactions (21) - (39) depending on temperature

	Reactions
	∆GТ°. kJ/mol
	
	lg Kp

	
	Temperature, K
	
	Temperature, K

	
	1073
	1273
	1473
	1573
	
	1073
	1273
	1473
	1573

	The first group
	
	
	
	
	
	
	
	
	

	2CuFeS2=Cu2S+2FeS+0.5S2                                 
	-22.1
	-82.97
	-147.2
	-180.3
	
	1.07
	3.40
	5.22
	5.98

	FeS2=FeS+0.5S2                                                                                                                          
	-9.37
	-41.83
	-74.76
	-91.37
	
	0.46
	1.72
	2.65
	3.03

	4Cu2O+3S2=4Cu2S+2SO2                                                                                       
	-579.2
	-589.06
	-599.0
	-594.1
	
	28.18
	24.16
	21.23
	19.7

	Cu2O+FeS=Cu2S+FeO                                                                
	-96.41
	-106.63
	-116.4
	-118.6
	
	4.69
	4.37
	4.13
	3.94

	Cu2O +ZnS= Cu2S +ZnO                                                          
	-80.38
	-89.28
	-98.11
	-100.0
	
	3.91
	3.66
	3.48
	3.32

	Cu2O+PbS=Cu2S+PbO                                                           
	-46.01
	-56.27
	-66.44
	-67.43
	
	2.24
	2.31
	2.35
	2.24

	PbO +ZnS= PbS+ZnO                                                             
	-34.37
	-33.01
	-31.68
	-32.57
	
	1.67
	1.35
	1.12
	1.08

	2FeO+1.5S2=2FeS+SO2                                                                                           
	-96.75
	-81.27
	-66.73
	-59.78
	
	4.71
	3.33
	2.37
	1.98

	4Fe3O4+S2=12FeO+2SO2                                                                                      
	259.0
	132.95
	6.10
	-57.72
	
	-12.6
	-5.45
	-0.22
	1.92

	3Fe3O4+FeS+5SiO2=5(2FeOxSiO2)+SO2                
	-74.54
	-77.97
	-79.40
	-92.20 
	
	3.63
	3.20
	2.59
	3.06

	The second group
	
	
	
	
	
	
	
	
	

	2PbO+1.5S2=2PbS+SO2                                                                                         
	-197.55
	-181.99
	-166.6
	-162.2
	
	9.61
	7.46
	5.91
	5.38

	PbO+FeS=PbS+FeO                                                             
	-50.40
	-50.35
	-49.96
	-51.19
	
	2.45
	2.06
	1.77
	1.70

	2PbOxSiO2+2FeS=2PbS+2FeOxSiO2                         
	-78.46
	-54.09
	-33.39
	-31.15
	
	3.82
	2.22
	1.18
	1.03

	2PbOxSiO2+2ZnS=2PbS+2ZnOxSiO2                      
	-54.22
	-43.58
	-37.72
	-38.19
	
	2.64
	1.79
	1.34
	1.27

	PbS+2PbO=3Pb+SO2                                                                      
	9.41
	-25.41
	-52.36
	-63.70
	
	-0.46
	1.04
	1.86
	2.11

	The third group
	
	
	
	
	
	
	
	
	

	2As2O5+5.5S2=2As2S3+5SO2                                                           
	-821.16
	-840.88
	-856.3
	-862.4
	
	39.95
	34.48
	30.35
	28.6

	2Sb2O5+5.5S2=2Sb2S3+5SO2                                                               
	-704.39
	-727.57
	-742.3
	-746.4
	
	34.27
	29.84
	26.31
	24.7

	As2O5+5FeS=As2S3+5FeO+S2                                                        
	-168.70
	-217.26
	-261.3
	-281.7
	
	8.21
	8.91
	9.26
	9.35

	Sb2O5+5FeS=Sb2S3+5FeO+S2                                               
	-110.31
	-160.6
	-204.3
	-223.7
	
	1.17
	0.55
	-0.14
	-0.5



The greatest effect on the transition of copper to matte, and zinc to slag, is achieved due to the occurrence of reactions (15) and (17). Moreover, the higher value of decline of the Gibbs free energy (∆G1573K = -100.0 kJ/mol) of reaction (11) indicates its greater contribution and priority interaction of zinc sulfide with copper oxide than with lead oxide (for reaction (11), ∆G1573K = -32.57 kJ/mol).

When loading copper-zinc concentrate take place, iron sulfide interacts with magnetite according to reaction (16). The thermodynamic probability of magnetite reduction is quite high: ∆G1573K = -92.20 kJ/mol.

The course of reaction (20) creates conditions for reducing the solubility of non-ferrous metals in the slag.

The second group of analysis is represented by reactions involving PbS and PbO. The purpose of the reactions is the formation and release of rough lead in an independent phase. The set of ongoing processes is described by a system of reactions:



2PbO + 1,5S2 = 2PbS + SO2           (∆GТ° = -277.84+0.075Т, kJ/mol),                (21)

PbO + FeS = PbS + FeO            (∆GТ° = -51.089+0.001Т, kJ/mol),                (22)

  2PbOxSiO2 + 2FeS = 2PbS + 2FeOxSiO2      (∆GТ° = -182.86+0.1Т, kJ/mol),                   (23)
  2PbOxSiO2 + 2ZnS = 2PbS + 2ZnOxSiO2     (∆GТ° = -88.356+0.034Т, kJ/mol),               (24)

PbS + 2PbO = 3Pb + SO2                 (∆GТ° = -88.356+0.034Т, kJ/mol).               (25)

The completeness of reaction (25) depends on the conditions for the occurrence of secondary reactions (16), (17), - (20). As the results of thermodynamic calculations show, in the temperature range 1273 ... 1573 K, the probability of reactions (21) - (24) is quite high, which indicates the possibility of the formation of rough lead. The largest decrease in Gibbs free energy is characteristic of reaction (21), ∆G1573K = -162.18 kJ/mol. In the presence of copper oxide in the slag, reaction (13) seems to be the most preferable, due to the high value of the calculated value of the decline in Gibbs free energy (∆G1573K = -594.07 kJ/mol).

Comparative analysis of the absolute value of the Gibbs free energy of reaction (22) at a temperature of 1573 K ∆G1573K = -51.19 kJ/mol, with the values ​​∆G1573K = -118.63 kJ/mol for reaction (14) and ∆G1573K = -92,20 kJ/mol for reaction (20) shows that its course will slow down due to the higher values ​​of Gibbs free energy of reactions (14) and (20).

Technologically significant is the possibility of interaction of zinc sulfide supplied with the concentrate with lead silicate by reaction (24), which promotes the extraction of zinc from the concentrate into slag. Lead oxide displaced from the silicate phase of the slag as a result of reactions (21), (22) transforms into galena (PbS), which participates in physico-chemical processes that ensure the formation of rough lead. With an increase in temperature from 1073 K to 1573 K, the value of the decline in the Gibbs free energy of reaction (24) decreases from ∆G1073K = -54.22 kJ/mol to ∆G1573K = -38.19 kJ/mol (Table 4). Therefore, the greatest activation of reaction (24) should be expected at the initial stage of chemical interactions from the moment the concentrate is loaded into the furnace.

When composing a initial charge for BCS by adding copper-zinc concentrate, there is a real opportunity to maintain the optimal ratio PbS:PbO = 1:2 in the charge, which will ensure the direction and completeness of the reaction (25) towards the formation of metallic lead. The creation of such conditions will ensure high lead recovery into rough lead by reducing its losses with slag and matte.

The greatest interest from the technological and environmental point of view has the study of reactions of the third group, describing the behavior of arsenic and antimony in the joint processing of intermediate products and recycled materials with high-sulfur copper-zinc concentrate. The purpose of this group of reactions in the forward direction is to achieve the maximum removal of arsenic and antimony from the smelting process and, therefore, from the production cycle due to their deep sublimation into dust in the form of non-toxic sulfides. The mechanism of the process can be represented by a system of reactions:

           2As2O5 + 5,5S2 = 2As2S3 + 5SO2   (∆GТ° = -73.48-0.082Т, kJ/mol),              (26)

2Sb2O5 + 5,5S2 = 2Sb2S3 + 5SO2     (∆GТ° = -62.61-0.084Т, kJ/mol),             (27)

As2O5 + 5FeS = As2S3 + 5FeO + S2     (∆GТ° = 71.90-0.226Т, kJ/mol),          (28)

Sb2O5 + 5FeS = Sb2S3 + 5FeO + S2      (∆GТ° = 130.34-0.227Т, kJ/mol).        (29)

Thermodynamic calculations have established the maximum (in absolute value) amount of the decline in the Gibbs free energy of reactions (26) - (29) over the entire investigated temperature range. This indicates that when a fresh portion of copper-zinc concentrate is supplied with the charge, the excess sulfur formed by reactions (11) and (12) will be completely consumed for sulfiding arsenic oxide (reaction 26) and antimony oxide by reaction (27). A deeper sublimation of arsenic and antimony is achieved due to the occurrence of reactions (28) and (29). At the same time, a significant amount of arsenic and antimony is removed from the technological scheme in the form of non-toxic sulfides As2S3 and Sb2S3, which will significantly reduce their accumulation in the main lead production. As a result of improving the quality of the obtained products, the negative impact of harmful impurities on the environment will decrease, and material costs for subsequent operations will decrease - converting matte and fuming BCS slag.

Conclusions for the section:

1) On the basis of thermodynamic calculations, the values of Gibbs free energy and reaction constants, describing the physico-chemical processes occurring during blast concentrating smelting, in the temperature range of 1073 ... 1573 K have been established.

2) The mechanism of interaction of oxides of non-ferrous metals and iron with the components of the concentrate has been established. It is shown that the use of the concentrate as a sulfidizer creates favorable conditions for reducing the loss of Cu, Pb with slags, and provides a deep sublimation of arsenic and antimony into dust in the form of their non-toxic sulfides.

3) It is necessary to conduct additional studies to determine the optimal consumption of copper-zinc concentrate for deep depletion of converter slag in copper, lead and zinc, as well as for sublimation of arsenic and antimony from them.
3.3 Technological experiments to reduce copper and lead losses with converter slag

The research results obtained in the previous sections show that the main fraction of arsenic and antimony for smelting comes with converter slag. Along with this, they receive up to 4 % copper and 35 % lead, the circulation of which in the “smelting-converting” chain leads to their smearing over the products of smelting and converting and significant losses. Consequently, the presence of a high proportion of converter slag in the initial charge as ~ 30 % indicates that it is a key source of copper, lead with slag losses and accumulation of arsenic and antimony in the overall process chain of lead production. Therefore, when organizing the processing of intermdiate products and recycled materials, it is necessary to provide additional conditions aimed at solving the issue of reducing the loss of non-ferrous metals with slag and deep sublimation of arsenic and antimony from them into dust.

A significant number of works [18-21] are devoted to the question of depletion of slags in non-ferrous metals. Each method was developed in relation to the conditions of a specific technological process and was aimed, first of all, at improving technological indicators: increasing the recovery of non-ferrous metals by reducing their losses with slag. When developing the methods, the authors did not fully and systematically consider the issues of the behavior of arsenic, antimony and other harmful associated metal impurities. Each developed method of depletion of slags should be dictated not only by economic considerations, but also by the environmental feasibility of the decision being made - the removal of associated impurities from the technological process in the form of non-toxic, easily stored and/or utilized compounds.

The purpose of this section is to study the distribution of arsenic, antimony and non-ferrous metals during sulfiding depletion of converter slag with high-sulfur copper-zinc concentrate, as applied to the conditions of processing of intermediate products and recycled materials of lead production.

3.3.1 Research methods

The layout of the laboratory setup and the experimental procedure in all smelting processes was identical to the experiments carried out earlier (section 1.2.4, interim report 2018), and was subjected to the co-smelting of converter slag with different consumption of high-sulfur copper-zinc concentrate. 

A distinctive feature of these studies was usage of a sulfidizer to deplete the slag, it was not a copper-zinc concentrate with a low content of copper, zinc and sulfur, as was the case in previous experiments, but a high-sulfur copper-zinc concentrate.

3.3.2 Results and discussion
The compositions of the initial materials are presented in Table 5.

Table 5 – Chemical composition of initial materials 

	Name of the products
	Content of components, wt.%

	
	Cu
	Zn
	Pb
	Fe
	S
	As
	Sb
	SiO2
	СаО

	Converter slag

Copper-zinc concentrate
	3.83

18.6
	4.54

12.5
	33.5

2.3
	12.7

24.59
	0.6

33.4
	2.8 0.22 
	0.95

0.25
	15.7


	1.24




A characteristic feature of converter slags obtained as a result of converting copper-lead mattes is an increased content of lead and a low content of iron and quartz.

High-sulfur collective copper-zinc concentrate of the Nikolaev deposit in the East Kazakhstan region was selected as a sulfidizer for slag depletion. Considering the complexity of processing this type of concentrate, the experiments pursued a comprehensive goal - the use of concentrate as a raw material for selective extraction of copper and zinc into targeted products by direct smelting in one stage and its simultaneous use as a sulfidizer for depletion of slag in nonferrous metals and deep sublimation of As and Sb.

Figure 1 shows the dependence of the residual content of non-ferrous metals, arsenic, antimony and the yield of smelting products on the concentrate consumption. It can be seen that an increase in the concentrate consumption from 5 to 25 % leads to a decrease in the content of copper and lead in the slag with a simultaneous increase in the content of zinc in it (Fig. 1 A)).

Under the considered conditions, a decrease in the content of arsenic and antimony in the slag was established: from 2.4 to 0.32 % and from 0.92 to 0.25 %, respectively (Fig. 1 B)). With the increase in the amount of matte, rough lead and dust as well as concentrate consumption, a decrease in the slag yield is observed with a gradual further increase in it at a concentrate consumption of more than 20 %.

The established regularities are quite understandable based on the general positions of the thermodynamic analysis of the reactions of interaction between the components of converter slag and copper-zinc concentrate, given in section 3.2.2.2. When loading a fresh portion of the concentrate, matte formation and its release into an independent phase occurs due to chalcocite (Cu2S) and iron sulfide, which is formed as a result of chalcopyrite dissociation according to reaction (11). An additional amount of copper sulfide formed as a result of reaction (15) passes into the matte phase, increasing its yield.

Iron sulfide, formed as a result of the dissociation of higher sulfides supplied with the concentrate by reaction (11), (12), is additionally consumed for the reduction of magnetite by reaction (20).

As a result of reactions (13), (14), the copper content in the slag decreases, which increases the overall extraction of copper into matte. In this case, an excess amount of iron sulfide, not participating in the reactions under consideration, goes into matte. This mechanism is confirmed by the results of the experiments.
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Figure 1 – Dependence of the content of non-ferrous metals (A),

arsenic and antimony (B) in the slag and the yield of smelting products (C)

from concentrate consumption

Figure 2 shows the dependence of the metal content in the matte on the concentrate consumption.
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Figure 2 – Dependence of the content of non-ferrous metals

in matte from concentrate consumption

It can be seen that the reduction-sulfiding depletion of the slag provides matte rich in copper content (up to 50%). It seems interesting that in the range of growth of the concentrate consumption from 5 to 20 %, the copper content in the matte increases, reaching its maximum at a concentrate consumption of 20 %. A further increase in the concentrate consumption leads to a smooth decrease in the copper content in the matte. This phenomenon can be explained by the interaction of matte with rough lead, as a result of which the dissolution of copper in rough lead should be expected [7, 22]. The transition of copper from matte to rough lead increases with increasing copper content in the matte. This is confirmed by the dependence of the copper content in rough lead on the concentrate consumption, shown in Fig. 3.
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Figure 3 – Dependence of copper content

in rough lead from concentrate consumption

It can be seen that the nature of the curve of an insignificant increase in the copper content in rough lead in the segment of the increase in the concentrate consumption from 5 to ~ 20 %, repeats the course of the copper line shown in Fig. 2. An increase in the concentrate consumption above 20 % leads to a sharp increase in the copper content in rough lead, which is in full agreement with the above explanation. The formation of rough lead can be interpreted as a sequence of reactions (24) and (25). At the initial moment of concentrate loading due to the introduction of a fresh portion of ZnS into the slag melt, the direction of reaction (24) shifts towards the formation of PbS. The resulting lead sulfide, interacting with PbO according to reaction (25), promotes the formation of the bottom phase of metallic lead. An increase in the concentrate consumption increases the amount of a fresh portion of loaded ZnS; therefore, the course and shift of reaction (24) towards the formation of PbS will activate the course of reaction (25). As a result, the yield of rough lead will increase, which is observed in Fig. 1.

The established mechanism is confirmed by the results of experimental studies. The dependence of the change in the content of lead and zinc in the slag on the amount of sulfur in zinc sulfide shown in Fig. 4, shows that an increase in the zinc sulfide loading in the slag leads to an increase in the zinc oxide content in it while reducing the lead oxide content.
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Figure 4 – Dependence of the content of Pb, Zn

in slag on the amount of sulfur in zinc sulfide

The optimal concentrate consumption, which provides the maximum ZnO content and the minimum lead content in the slag (the point of intersection of the lines in Fig. 4), corresponds to a value of ~ 20 %. A further increase in ZnS leads to an increase in the slag yield due to the additional iron supplied with the concentrate.

The amount of ZnS required for sulfiding PbO is calculated from the stoichiometry of reactions (24) and (25). In this case, one should expect an increase in the PbS content in the matte and a significant release of SO2, which is undesirable from a practical point of view.

As noted above, under conditions of co-smelting of converter slag with copper-zinc concentrate, the slag composition is adjusted by selecting the optimal consumption of copper-zinc concentrate. The choice of the optimal composition of the slag PbO–ZnO–FeO–CaO–SiO2 is very important from the point of view of ensuring the minimum concentration of copper in the slag [23] and low-melting zinc-containing slag with the maximum solubility of ZnO in it [24]. Fulfillment of these conditions with sulfiding depletion of converter slag is achieved by loading the optimal concentrate consumption of 20 %.

The study of the behavior of arsenic and antimony has a great interest from a technological and ecological point of view. When loading a fresh portion of copper-zinc concentrate, excess sulfur formed by reactions (11) and (12), as shown in section 1.2.2.2, will be completely consumed for sulfiding arsenic and antimony oxide by reactions (26), (27).

High values ​​of Gibbs free energies of reactions (26) and (27) ∆G1573K = -862.40 kJ/mol and ∆G1573K = -746.9 kJ/mol, respectively, are almost twice the values ​​of Gibbs free energies of reactions of interaction of non-ferrous metal oxides and iron with elemental sulfur. This indicates a deep sublimation of arsenic and antimony into dust in the form of non-toxic sulfides As2S3 and Sb2S3 and provides a significant removal of arsenic and antimony from the technological process.

The results of the equilibrium compositions of the smelting products obtained after their sulfidation with the optimal consumption of copper-zinc concentrate are presented in Table 6.

Table 6 – Equilibrium composition of smelting products during sulfidation of slag with concentrate (concentrate consumption is 20 %)
	Name of the products
	Content of components, wt.%

	
	Cu
	Zn
	Pb
	Fe
	S
	As
	Sb
	SiO2
	СаО

	Depleted slag
	0.31
	11.35
	1.15
	28.7
	ND*
	0.51
	0.32
	29.9
	3.33

	Matte
	51.35
	1.93
	12.26
	10.95
	22.03
	0.92
	0.09
	-
	-

	Rough lead
	0.32
	-
	98.5
	-
	ND
	0.13
	0.09
	-
	-

	Dust
	0.03
	8.24
	0.27
	0.62
	ND
	22.7
	9.28
	0.58
	0.24

	* ND. – Not Detected


The amount of dust was determined by the difference between the sums of non-ferrous metals, arsenic and antimony in the initial charge and the resulting smelting products.

The obtained results show a significant improvement in the quality of the products due to the reduction of the content of arsenic and antimony in them. In addition, the improvement in the quality of the slag was achieved by reducing the content of copper and lead in it from 3.83 and 33.5 %, to 0.31 and 1.15 %, respectively. The quality of the matte was improved by increasing the copper content in it to 50 % and reducing the lead content to 12 %. The quality of the rough lead was improved by reducing the copper content to 0.32 %.

The results of the distribution of Cu, Pb, Zn, As and Sb between the smelting products are shown in Table 7.

Table 7 – Distribution of arsenic, antimony and non-ferrous metals between smelting products (concentrate consumption is 20 %)

	Name of the products
	Distribution of metals, %

	
	As
	Sb
	Cu
	Pb
	Zn

	Slag
	11.5
	17.2
	2.5
	1.8
	86.3

	Matte
	5.6
	1.4
	96.4
	5.1
	3.9

	Rough lead
	1.7
	2.7
	1.16
	93.0
	-

	Dust
	81.2
	78.8
	0.04
	0.1
	9.8


Extraction of non-ferrous metals into targeted products: copper to matte - 96%; lead to rough lead - 91.8 %; zinc to slag - 86.5 %. The extraction of arsenic and antimony into dust - 82.3 % and 78.5 %, respectively.

Conclusions for the section:

1) The possibility of deep depletion of slag in copper, lead and zinc has been experimentally proved. It was found that when a fresh portion of copper-zinc concentrate is loaded onto the slag melt, deep sublimation of arsenic and antimony occurs into dust in the form of their non-toxic sulfides - As2S3 and Sb2S3. This ensures their maximum removal from the general technological scheme of lead production and a significant improvement in the quality of the resulting matte, rough lead and slag.

2) The best results for the extraction of non-ferrous metals into targeted products were achieved at a concentrate consumption of 20 %. Achieved high extraction of copper to matte – 96 %, lead to rough lead – 92 %, zinc to slag – 87 %, and arsenic, antimony to dust - 82 and 78 %, respectively.
3) For the calculation and the final selection of the composition of the new charge in the following section, laboratory and large-scale laboratory tests were carried out for the joint processing of lead intermediate products and recycled materials with different consumption of copper-zinc concentrate.
3.4 Evaluation of the obtained results and issuance of technological recommendations

According to our view the development of a technology for direct smelting of lead intermediate products and recycled materials in a mixture with copper-zinc concentrate has a great practical interest and requires a radical approach to changing the existing technology.

This section presents the results of laboratory and large-scale laboratory studies of co-smelting of intermediate products and recycled materials of lead production with high-sulfur copper-zinc concentrate. The influence of the concentrate consumption on the distribution of the base and impurity metals between the smelting products and on their quality was established, and the choice of a new composition of the initial charge with the possibility of melting it in an electric furnace at a given optimal slag composition was substantiated.

3.4.1 Laboratory studies of melting a charge of a new composition with the addition of high-sulfur copper-zinc concentrate

To carry out experiments on reduction-sulfiding smelting, intermediate products and recycled materials of lead production of KazZinc Ltd. were used, the chemical compositions of which are given in Table 8.

Table 8 – Chemical composition of intermediate products, recycled materials and flux related to lead production

	Name of 

materials
	Chemical composition, wt.%

	
	Cu
	Pb
	Zn
	Fe
	S
	As
	Sb
	SiO2
	CaO
	oth.

	Copper slips
	29
	36
	4
	
	8.77
	3.87
	1.4
	–
	–
	16.96

	Poor matte of blast concentrating smelting
	20.85
	19.5
	11.4
	16.7
	11.1
	1.1
	0.56
	–
	–
	18.79

	Converter slag
	3.83
	33.5
	4.54
	15
	–
	2.3
	0.94
	21.66
	5.4
	12.83

	Alkaline melts
	0.08
	61.7
	24.1
	–
	–
	0.97
	1.4
	–
	–
	11.75

	Quartz flux
	
	0.62
	
	
	
	
	
	74.8
	15.7
	8.9


Coke containing 87.9 % carbon was used as a reducing agent. The composition of the high-sulfur copper-zinc concentrate is shown in Table 6 (section 1.3.2). The experiments were carried out with the addition of 10, 20, and 30 % of the concentrate by weight of the initial charge, composed of a mixture of quartz flux and the components shown in Table 8. Depending on the consumption of the concentrate, the structure of the charge was adjusted taking into account the change in the consumption of quartz flux. At the same time, the quantitative ratios of the products (Table 8) in the initial charge remained at the level of industrial practice: copper slag (30 %), converter slag (26 %), a concentrating smelting charge (CS charge – 24 %), which is a mixture of poor mattes (17 %), alkaline melts (7 %). The required consumption of flux and coke was determined by calculation. 

Each experiment was repeated three times in order to achieve the reliability of the results.

The installation diagram (Fig. P.1), the experimental procedure and the results of the material balance of the melting of charge with a concentrate consumption of 10, 20, 30 % of the weight of the initial charge are given in Appendix P.
3.4.1.1 Results and discussion

The dependence of the yield of smelting products on the consumption of copper-zinc concentrate is shown in Fig. 5.

Despite the gradual increase in the slag yield from 37.9 to 39.4%, its maximum level remains below the value of the slag yield, which is formed by the existing technology - 46.1%.
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Figure 5 – Dependence of the yield of smelting products

  from the consumption of copper-zinc concentrate 

A slight increase in the matte yield depending on the concentrate consumption (Fig. 5) seems to be quite natural: in comparison with the existing technology, the addition of copper-zinc concentrate to the initial charge introduces an additional amount of copper, the transition of which to matte affects its yield. On the other hand, the matte yield is affected by a decrease in the lead content in it, which depends on an increase in the consumption of copper-zinc concentrate. The mutual compensation of these two components shows an almost constant matte yield regardless of the increase in the consumption of copper-zinc concentrate (Fig. 5).

The results of X-ray phase analysis and mineralogical studies of slag samples obtained by melting the charge with different consumption of copper-zinc concentrate showed the absence of copper and iron intermetallic compounds (Me3As, Me3Sb), as well as dissolved metal phases of copper, lead and iron. The proportion of detected sulfide inclusions of copper and lead in all samples obtained during smelting with different consumption of copper-zinc concentrate can be neglected due to their minimal values. This indicates that even an insignificant addition of copper-zinc concentrate (10 %) excludes the loss of copper and lead in these forms, the presence of which in the slags of the existing technology is significant that their presence determines the final distribution of metals. Consequently, when the charge is melted together with a copper-zinc concentrate, the loss of copper and lead in the slag is determined mainly by the presence of an oxide form of loss. The pronounced character of the dependence of the copper and lead content in the slag on the consumption of copper-zinc concentrate shown in Fig. 6, confirms this statement.

This is confirmed by the change in the content of lead and copper in the matte, depending on the consumption of the concentrate, shown in Fig. 7.
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Figure 6 – Dependence of the content of Cu, Pb in the slag

from the consumption of copper-zinc concentrate 
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Figure 7 – Dependence of the content of Cu, Pb in matte

from the consumption of copper-zinc concentrate

It is seen that the curve of the decrease in the content of lead in the matte, depending on the increase in the consumption of the concentrate, and has a more pronounced character than the curve of the increase in the content of copper in it under similar conditions.

The results of X-ray diffraction analysis and mineralogical studies of matte samples obtained during the melting of the charge with different consumption of copper-zinc concentrate showed the absence of intermetallic compounds of copper, iron (Me3As, Me3Sb) and metallic copper and lead dissolved in the matte, typical for mattes of the existing technology. This indicates that even with a small consumption (10 %) of copper-zinc concentrate, the possibility of the formation of a metallized matte is excluded. Low losses of lead with matte ~ 8 % are found in mattes obtained by melting a charge containing 30 % copper-zinc concentrate.

The amount of dust was determined by the difference between the amount of metals in the initial charge and their amounts in slag, matte and rough lead (based on the material balance of each experiment). Dusts are solid fine particles (sublimates) formed as a result of condensation of volatile metals and their compounds from the vapor-gas phase when its temperature decreases. The dynamics of the dust yield depending on the increase in the consumption of copper-zinc concentrate shows its reduction to 5.6 % compared to the existing technology of 6.7 % (Fig. 5).

The best technological performance was achieved when melting the charge with a copper-zinc concentrate consumption of 30%. A comparative analysis of the balance of material flows with the existing technology is shown in Fig. 8.
Comparative analysis of the results of the chemical compositions of the smelting products and data on the distribution of metals between the products of smelting a charge of a new composition with the compositions of products obtained by the existing technology are shown in Table 9 and Table 10, respectively.
Table 9 – Chemical composition of the products of smelting the existing charge and the new charge: consumption of copper-zinc concentrate 30 %

	Name of the products
	Chemical composition *, wt.%

	
	Cu
	Pb
	Zn
	Fe
	S
	As
	Sb
	SiO2
	CaO

	Rough lead
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B)

A) - existing smelting technology;

     B) - melting of the charge with Cu-Zn concentrate.

Figure 8 - Comparative balance of material flows
Table 10 – Distribution of metals between the products of smelting of the existing and new charge: consumption of copper-zinc concentrate 30 %

	Name of the products
	Distribution of metals *, %

	
	Cu
	Pb
	Zn
	As
	Sb

	Rough lead
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	Dust
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	* Numerator - the existing smelting technology.

    Denominator - the melting of the charge with copper-zinc concentrate.


The extraction of copper, lead, zinc, arsenic and antimony into targeted products, depending on the consumption of copper-zinc concentrate, is shown in Fig. 9.

The revealed dependencies fully correspond with the results of thermodynamic analysis of the reactions of interaction of slag components with copper-zinc concentrate (section 3.2.2).

Based on the obtained results, the preferred technological parameters for melting a new charge composition at a temperature of 1250 °C under reducing conditions were determined:

· consumption of high-sulfur copper-zinc concentrate – 30 % of the charge weight;

· duration of blowing the melt - 20 min; 

· settling time for separation of smelting products after blowing - 20 min;

· coke consumption - 2.5 % of the charge weight.
 The established technological parameters were used to carry out large-scale laboratory tests in order to select final and optimal technological parameters and determine the technological indicators of the technology.
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Figure 9 – Distribution of Cu, Pb, Zn, As b Sb between products of co-smelting of 

lead intermediate products, recycled materials and copper-zinc concentrate 

depending on the concentrate consumption.

 

3.4.2 Large-scale laboratory tests of the melting of the initial charge of a new composition with the addition of copper-zinc concentrate

The main core of the technology being developed is the establishment of optimal parameters and technological modes for melting the initial charge and the choice of a unit for its implementation. In this section, as one of the alternative rational solutions, the possibility of processing a charge of a new composition in an electric furnace was tested.

The tests were carried out in the period from June 8 to June 19, 2020 at the electric furnace of the Rudno-Altai Experimental Enterprise (RAEE, Ust-Kamenogorsk). Melting was carried out at a temperature of 1250°C with a new composition of the initial charge: copper slips - 27.8 %; a mixture of poor copper-lead matte and oxidized materials - 18.5 %; converter slag - 24.0 %; quartz ore - 4.7 %; copper-zinc concentrate - 22.5 %; coke - 2.5% with the production of copper matte and rough lead.

The average composition of the charge of large-scale laboratory melts, wt.%: 13.2 Cu, 25.3 Pb, 5.4 Zn, 8.5 Fe, 1.9 As, 0.8 Sb, oth.

The experiments were carried out in a 100 kW single-electrode electric furnace. The diameter of the electrode is 100 mm. Furnace size: width - 250 mm, length - 410 mm, height - 440 mm.

The weighed portion of the initial charge was 5.0 kg. After melting the charge, the melt was blown through with air for 20 minutes using oxygen tubes, then with natural gas (20 minutes). The air and natural gas consumption was constant at 10 l/h. The duration of the melting is 40 minutes. After the required time for blowing the melt, settling was carried out for 20 minutes, followed by discharge slag, matte and rough lead through the boreholes. Each experiment was repeated three times for reproducibility. Good convergence of results was obtained.

Over the entire testing period, 12 smelting processes were carried out in a continuous mode. 60 kg of the original charge were processed. The furnace showed stable operation without any violations of the technological regimes of the smelting. 13.5 kg of rough lead and 20.5 kg of matte were received (Test report, Appendix Q).

The material balance of melting a charge of a new composition with a consumption of high-sulfur copper-zinc 30% is given in Appendix Q.
As a result of the carried out tests, a high extraction of lead into rough lead was achieved - 92.0 %; copper to marketable copper matte - 96.0 %; arsenic and antimony into dust - 91 and 89 %, respectively, which shows good agreement between the data obtained and the results of laboratory experiments.

The carried out tests make it possible to recommend the optimal technological parameters of the technology of co-smelting of lead intermediate products with copper-zinc concentrate.

The main technological parameters of the recommended technology: 
· Smelting process temperature – 1250°С;
· The composition of the charge: 
· Copper slips – 27.8 %; 

· mixture of poor Cu-Pb matte and oxidized materials - 18.5 %;

· converter slag - 24.0 %; 

· quartz flux - 4.7%; 

· copper-zinc concentrate - 22.5 %; 

· coke - 2.5 %.

· Duration of sequential purging of the melt:

by air - 20 minutes, by natural gas - 20 minutes; 

· Settling time after purging - 20 min;

· Slag composition, wt.%:

· Cu – 0.43;

· Pb – 0.84;

· Zn – 20.0;

· FeO – 22.0;

· SiO2 – 28.0;

· CaO – 10.0.

· Extraction of metals into targeted products: 

· lead to rough lead - 92.0 %;
· copper into marketable matte - 96.0 %; 
· arsenic, antimony into dust - 91 and 89 %, respectively.
As the results show, the concept of the general technology for processing lead intermediate products and recycled materials should be based on a comprehensive solution of three interrelated problems: (a) - rational melting of the initial charge of a new composition in an electric furnace; (b) - separate treatment of copper-lead matte in a separate unit and (c) - separate processing of zinc-containing slags.

A comprehensive solution to each of the above tasks completed for the period 2018-2020, a wide discussion of the results obtained and the proposed new approaches with a positive assessment in the open press (articles in journals with a high impact factor, patents, international conferences), make it possible to give reasonable recommendations for practice.

Technological recommendations for practice:
1) Blast concentrating smelting in the existing organization of processing of intermediate products and recycled materials cannot be considered as a prospect due to the low extraction of copper and lead, low quality of the resulting matte, rough lead and slag. Further processing of copper mattes with a high content of lead (~ 25 %), arsenic and antimony (up to 1.5 % in total) and zinc-containing slags is characterized by the use of risky, environmentally "dirty" converting and fuming processes, respectively.

2) The most preferable seems to be the melting of a new composition of the initial charge, composed of intermediate products, recycled materials of lead production and high-sulfur copper-zinc concentrate, in an electric furnace. This will simplify the process and significantly improve the quality of the obtained products, give a chance to optimize the composition of high-copper slag melts in terms of liquidus temperatures and establish optimal compositions of the Cu2O-FeO-CaO-SiO2 slag system, providing the presence of one stable liquid phase saturated with copper oxide (Section 1.2.3, interim  report for 2018).

3) Correction of the slag composition by adding high-sulfur copper-zinc concentrate will make it possible to obtain the optimal composition of low-melting zinc-containing slag FeO–ZnO–CaO–SiO2. This will ensure the maximum solubility of ZnO in the slag and the minimum concentration of copper and lead in it. As shown by preliminary calculations (section 1.1.2, interim report for 2018), further processing of such zinc-containing slags seems to be the most efficient not by fuming, but by the highly efficient bubbling Vanyukov process. This will make it possible to process not only the current zinc-containing slag, but also the accumulated stale slag.

4) The results of large-scale laboratory tests of melting a charge of a new composition in an electric furnace showed that it is not possible to obtain a commercial copper matte in one stage (the lead content in the matte remains quite high - up to 12%).

5) The most acceptable solution is to organize additional treatment of the copper-lead matte in a separate unit - in the redox purging furnace (ORPSL furnace), before converting it by successively purging the matte melt with air and natural gas (section 1.2, interim report 2019). At the same time, melt purging is carried out using a new design of a submerged lance and a system for supplying blast to the melt (Section 1.3, interim report 2018).

6) Slags obtained after an electric furnace and an ORPSL furnace with liquid slags of operating blast furnaces and solid accumulated slags, should be processed separately, regardless of the existing technology in a Vanyukov furnace with the organization of their two-stage processing: first, by purging with natural gas, then by purging with natural gas in the presence of coal (section 3.3, report 2020). This will allow copper to be separated into a copper-iron alloy and used in an ORPSL furnace for settling of lead from copper-lead matte. Obtained zinc sublimates in the furnace are sent for further processing to extract zinc.

7) The use of a copper-ferrous alloy as a reducing reagent in the ORPSL furnace on one hand, and depleted slag to obtain cement grade 400 and other building materials (crushed stone, road surfaces, etc.) on the other hand, makes the general technology as closed loop and highly efficient in terms of the complexity of the use of raw materials and an environmental point of view. The developed slag utilization technology can work separately, but the greatest effect is expected when it is "integrated" into the overall concept of the combined technology.


The conceptual diagram of a new high-tech bubbling technology for processing substandard intermediate products, recycled materials, current liquid and accumulated solid slags of lead production with high-sulfur copper-zinc concentrate to obtain high-quality commercial products are shown in Fig. 10, 11, respectively.
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Figure 10 - Conceptual diagram of a new integrated technology for processing substandard lead intermediate products, recycled materials, current liquid and accumulated solid slags of lead production with high-sulfur copper-zinc concentrate


The equipment-technological scheme of a new complex technology for processing substandard lead intermediate products, recycled materials, current liquid and accumulated solid slags of lead production with high-sulfur copper-zinc concentrate is shown in Fig. 11.
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Figure 11 - Equipment and technological scheme of technology

Conclusions for the section:

1) The fundamental possibility of improving the existing technology of blast concentrating smelting by means of joint processing of intermediate products and recycled materials with high-sulfur copper-zinc concentrate is shown. The best results in the extraction of non-ferrous metals arsenic and antimony into targeted products were achieved when melting a charge of a new composition with a concentrate consumption of 30 % by weight of the charge.

2) It has been established that during smelting difficult-to-process copper-zinc concentrate, high selective extraction of copper from them into matte and zinc into slag in one stage is provided.

3) It is shown that the simultaneous use of copper-zinc concentrate as a sulfidizer reduces the content of copper and lead in the slag, increases the extraction of arsenic and antimony into dust. The consumption of coke and quartz flux is reduced in comparison with the existing technology from 6.7 to 2.5 % and from 12.5 to 4.7 % of the charge weight, respectively, which significantly reduces material and energy costs for the process.

4) As a result of laboratory experiments, the optimal composition of the new charge was selected. The distribution of metals between the products of melting a new charge with the addition of 30 % high-sulfur copper-zinc concentrate has been established. The extraction of copper into matte was 94.8 %, against 88.9 % for the existing technology; lead to rough lead - 93.6% versus 70.8 %; zinc to slag - 94.7 % versus 83.7 %; arsenic to dust – 91 % versus 69.5 % and antimony to dust - 92.3 % versus 59.8 % for the existing technology.

5) Large-scale laboratory tests were carried out and the main technological parameters of the technology were established, in addition technological recommendations for practice were given. The obtained high values ​​for the extraction of lead into rough lead - 92.0 %; copper to marketable copper matte - 96.0 %; arsenic, antimony into dust - 91, 89 %, respectively, showed good agreement with the results of laboratory experiments.

6) On the basis of the obtained positive results of laboratory, large-scale laboratory studies and pilot-industrial tests, a conceptual and equipment-technological scheme of a new integrated technology for processing substandard lead intermediate products, recycled materials, current liquid and accumulated solid slags of lead production with high-sulfur copper-zinc concentrate was developed.

 CONCLUSION

Brief conclusions on the results of research. 

1) On the basis of comprehensive studies, including the X-ray phase analysis method and mineralogical studies of solid and powder samples of real slags and mattes of blast concentrating smelting, new data were obtained on the forms of presence of non-ferrous metals, arsenic and antimony in slags and mattes. It is shown that the proportion of copper oxide losses during smelting prevails over sulfide losses and amounts to ~ 78 %. A high proportion of lead in the slag in the form of its sulphide (~ 50 %) has been established, which allows to conclude that the reduction of lead sulphide and the separation of matte and slag during smelting is insufficient. The presence in the slags of the dissolved form of lead in the form of metal indicates the need to take measures to reduce the solubility of lead in mattes. Significant losses of lead with matte (up to 25 %) have a significant effect on reducing its extraction into rough lead and loss of precious metals, both with matte and slag. The study of this issue has a great interest for practice.

2) New data have been obtained on the distribution of copper, lead, zinc, arsenic and antimony in a complex composition system: copper-lead matte - slag - gas phase. Based on the obtained results, the possibility of improving the existing technology is shown by adjusting the slag composition, ensuring the equilibrium distribution of Cu, Pb, Zn and As and choosing the optimal slag composition by adding high-sulfur copper-zinc concentrate to the initial charge. It was found that when melting a charge of a new composition, it is necessary to maintain the SiO2 content in the slag ~ 28 wt.% at the FeO/SiO2 ratio = 0.8÷0.9 and the CaO content = 10 %.

3) The physical and chemical processes characteristic of the direct processing of intermediate products and recycled materials in conjunction with copper-zinc concentrate have been investigated. A thermodynamic assessment of reactions with the participation of PbS and PbO, to obtain rough lead as one of the smelting products, has been carried out. It was found that the addition of copper-zinc concentrate to the initial charge creates a condition for maintaining the optimal ratio PbS: PbO = 1:2, which is necessary for the maximum release of rough lead.

4) Technological experiments on depletion of converter slags with different consumption of copper-zinc concentrate were carried out. The principal possibility of direct processing of the concentrate with its simultaneous use as a sulfidizer for depletion of slags in non-ferrous metals is shown. Thermodynamic calculations have established for maximum values ​​of the Gibbs free energy of sulfidation reactions of arsenic and antimony oxides with sulfur in the temperature range of 1073 ... 1573 K. It is shown that a significant removal of arsenic and antimony from the technological cycle to dust occurs in the form of non-toxic sulfides As2S3 and Sb2S3. Deep sublimation of arsenic and antimony into dust significantly improves the quality of the products obtained and reduces material costs for subsequent operations - converting matte and fuming the slag. The best results for the extraction of non-ferrous metals into targeted products with depletion of converter slags were achieved at a concentrate consumption of 20 %. The recovery of copper to matte was 96 %, lead to rough lead – 92 %, zinc to slag - 87% and arsenic, antimony to dust - 82 and 78 %, respectively.

5) As a result of laboratory experiments, the optimal composition of the new charge was selected. The distribution of metals between the products of smelting a new charge with the addition of 30 % high-sulfur copper-zinc concentrate has been established. High results have been achieved in the extraction of metals into target products: copper in matte - 94.8 %, against 88.9% for the existing technology; lead to blister lead - 93.6 % versus 70.8 %; zinc to slag - 94.7 % versus 83.7 %; arsenic to dust – 91 % versus 69.5 % and antimony to dust - 92.3 % versus 59.8 % for the existing technology.

6) Enlarged laboratory tests were carried out on co-smelting of the initial charge of a new composition with the addition of high-sulfur copper-zinc concentrate in an electric furnace. The obtained high values ​​for the extraction of lead into rough lead - 92.0 %; copper to marketable copper matte - 96.0 %; arsenic and antimony into dust - 91 and 89 %, respectively, showed good agreement with the results of laboratory experiments.

7) It is shown that the simultaneous use of copper-zinc concentrate as a sulfidizer improves the technological parameters of the process: it reduces the content of copper and lead in the slag, increases the extraction of arsenic and antimony into dust. The consumption of coke and quartz flux is reduced in comparison with the existing technology from 6.7 to 2.5 % and from 12.5 to 4.7 % of the charge weight, respectively, which significantly reduces material and energy costs for the process.

8) On the basis of the results of laboratory and enlarged laboratory studies, the main technological parameters of the recommended technology have been established:

· Smelting process temperature – 1250°С;
· The composition of the charge: 
· Copper slips – 27.8 %; 

· mixture of poor Cu-Pb matte and oxidized materials - 18.5%;

· converter slag - 24.0 %; 

· quartz flux - 4.7 %; 

· copper-zinc concentrate - 22.5 %; 

· coke - 2.5 %.

· Duration of sequential purging of the melt:

by air - 20 minutes, by natural gas - 20 minutes; 

· Settling time after purging - 20 min;

· Slag composition, wt.%:

· Cu 

– 0.43;

· Pb 

– 0.84;

· Zn 

– 20.0;

· FeO 

– 21-23.0;

· SiO2 

– 26-28.0;

· CaO 

– 9-11.0.

· Extraction of metals into targeted products: 

· lead to rough lead 


- 92.0 %;
· copper into marketable matte 
- 96.0 %; 
· arsenic, antimony into dust 
- 91 and 89 %, respectively.
9) Technological recommendations for industrial practice were issued and a new equipment and technological scheme of a new high-tech bubbling technology for processing substandard intermediate products and recycled materials of lead production with high-sulfur copper-zinc concentrate was proposed.

Evaluation of the completeness of solutions to the tasks set. The assigned tasks in the work are completed in full. Based on the results of the research work performed, 27 works were published in international journals with an impact factor, including: 2 articles in rating journals included in the Web of Science database; 3 articles in journals included in the Scopus database; 5 articles in Russian journals. RSCI; 6 articles in journals recommended by KKSON MES RK. Two applications for a patent of the Republic of Kazakhstan were filed. The research results were tested by participation in 8 international conferences (Almaty, USA, Great Britain, Moscow, Canada, Korea).

Development of recommendations and initial data on the specific use of research results. The project is fully consistent with the priority areas of scientific, scientific, technical and socio-economic development of the Republic of Kazakhstan.

The use of the developed technology in practice opens up wide opportunities for improving the environmental (reducing emissions of harmful emissions into the environment, improving the quality of products) and socio-economic efficiency of metallurgical enterprises due to the involvement of lead semi-products, recycled materials and difficult to process high-sulfur copper-zinc concentrates for processing.

The results of assessing the technical and economic efficiency of implementation. A new composition of the charge with the addition of high-sulfur, difficult to process copper-zinc concentrate has been proposed. This will allow in one stage to extract copper, lead, zinc from lead semi-products and difficult to process copper-zinc concentrate.

It seems expedient to melt the charge of a new composition in an electric furnace, followed by finishing the matte in a separate unit by redox blowing it with air and natural gas using the developed submersible lance.

To process the resulting zinc-containing slags, use the high-tech Vanyukov process, which will allow processing not only current slags, but also stale accumulated slags.

To use the developed conceptual instrumental and technological scheme of a new high-tech bubbling technology for processing substandard lead semi-products and recycled materials together with high-sulfur copper-zinc concentrate.

The results of assessing the scientific and technical level of the completed research work in comparison with the best achievements in this area. The fundamental possibility of improving the existing technology of mine contractile smelting by choosing a new composition of the charge consisting of lead semi-products and recycled materials and high-sulfur copper-zinc concentrate is shown.

The possibility of direct smelting of difficult-to-process copper-zinc concentrate in the composition of the initial charge has been proven, which provides, in comparison with the existing technology, high selective extraction of copper - into matte, zinc - into slag in one stage.
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22 State diagrams of binary metal systems: Handbook in 3 volumes: Volume 1. // General ed. Of Lyakisheva N.P. –M.: Mechanical engineering. 1997.-1024 p.

23 Hidayat T., Henao H.M., Hayes P.C.,  Jak  E. Phase Equilibria Studies of        Cu-O-Si Systems in Equilibrium with Air and Metallic Copper and Cu-Me-O-Si Systems (Me = Ca, Mg, Al, and Fe) in Equilibrium with Metallic Copper // Metallurgical and Materials Transactions. –2012. –Vol.43, № 6.- Р.1127-1139.
24 Perez-Labra M., Romero-Serrano A., Hernandez-Ramirez A.R. Effect of                              CaO/SiO2 and Fe/SiO2 ratios on phase equilibria in PbO-ZnO-CaO-SiO2-“Fe2O3” system in air // Transactions of Non-ferrous Metal Society of Chine. –2012. –№ 22(3). – Р.665-674.
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Applications 1.7

to the Agreement No. dated 2018

         for grant funding

TECHNICAL SPECIFICATIONS AND

CALENDAR WORK PLAN

Under contract No. from 2018

1. Non-profit joint stock company

"Kazakh National Research Technical University

named after K.I. Satpayev "

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

For sub-priority: 1.4- Integrated use of mineral raw materials

1.2 On the topic of the project: No. AP05130595 "Development of a new high-tech bubbling technology for the direct extraction of lead, copper, zinc and rare earth metals into marketable products from substandard semi-finished products and recycled materials of lead production"

1.3 The total amount of the project is 24 160 000 (twenty four million one hundred sixty thousand) tenge, including with a breakdown by years, for the performance of work in accordance with clause 3:

- for 2018 - in the amount of 8,000,000 (eight million) tenge;

- for 2019 - in the amount of 8,072,000 (eight million seventy-two thousand) tenge;

- for 2020 - in the amount of 8,088,000 (eight million eighty-eight thousand) tenge.
2. Characteristics of scientific and technical products by qualification characteristics

and economic performance

2.1 Direction of work: Applied research in the field of metallurgy.

2.2 Applications: Metallurgy

2.3 End result:

- for 2018: development of theoretical foundations for the complex extraction of valuable metals into target products from a complex balanced raw material (accumulated substandard semi-finished products and recycled materials) by redox blowing of the melt using blowing devices through submersible tuyeres. Publication of research results in publications with an impact factor;

- for 2019: obtaining new scientific knowledge in the field of bubbling processes and determining the optimal technological parameters for the implementation of the process of processing copper-, lead-containing substandard semi-finished products and recycled materials of lead production under conditions of redox processing of melts. Publication of research results in publications with an impact factor;

- for 2020: Issuance of technological recommendations for the modernization of mine contractile smelting technology. Publication of research results in publications with an impact factor. Submission of an application for a patent of the Republic of Kazakhstan.

2.4 Patentability: patentable.

2.5 Scientific and technical level (novelty):

- study of the thermodynamics of a complex multicomponent system Cu-Me- Fe-S-O-SiO2, where: Me - Pb, Zn, As, Sb under conditions of controlled values ​​of the partial pressure of oxygen (PO2) and sulfur (PS2).

- obtaining new results and knowledge on physicochemical interactions under conditions of a bath of melts continuously mixed with oxygen, natural gas and their mixtures, which is a complex emulsion of the type: oxide-sulfide melt - liquid metal - gas, not previously investigated, as applied not only to traditional metallurgical processes, but also for the processing of non-traditional types of polymetallic raw materials.

- establishing the influence of the main parameters (temperature, blast flow rate and intensity of melt stirring) on the equilibrium distribution of non-ferrous (Cu, Pb, Zn), noble, rare, rare-earth and associated impurity metals (As, Sb) between the products of smelting under redox conditions bubbling the melt.

- Revealing the relationship between the degree of metallization of matte melts and the composition of the metallic phase (rough lead) released from the melt as a result of redox blowing.

2.6 The use of scientific and technical products is carried out: by the Customer and the Contractor together.

2.7 Type of use of the result of scientific and (or) scientific and technical activities: Recommendations on technology, title of protection, publications.
3. Name of work, terms of their implementation and results

	Job code, stage
	Name of work under the Agreement and the main stages of its implementation *
	Period of execution*
	Expected Result*

	
	
	start
	end
	

	1
	Stage 1. Research of the scientific foundations of redox processes occurring during the processing of complex multicomponent melts.
	January
2018
	1 November 2018
	Research will be carried out on the scientific foundations of the redox processes occurring during the processing of complex multicomponent melts.

New information will be obtained, necessary for the creation of bubbling technology.

	1.1
	I. Thermodynamics of oxidation-reduction processes in oxide-sulfide melts.
	January
2018
	March
2018
	The thermodynamics of redox processes taking place in oxide-sulfide melts will be studied.

New data on the thermodynamics of matte-slag-gas, matte-metal equilibria will be obtained.

	1.2
	II. Thermodynamics of polymetallic mattes. Forms of finding metals in mattes and slags.
	April
2018
	June
2018
	The thermodynamics of polymetallic mattes will be studied. Forms-finding of metals in mattes and slags.

New data will be obtained on the thermodynamics of complex matte melts.

	1.3
	III. Development of a submersible lance design and a system for supplying blast to the melt. Technological experiences.
	July 2018
	September
2018
	The design of a submerged lance and a system for supplying blast to the melt will be developed. Technological experiments will be performed.

The design dimensions of the lance will be selected and justified


	1.4
	IV. Development and debugging of the system for supplying blast to the melt, the main components of the laboratory installation.
	October
2018
	1 November 2018
	A system for supplying blast to the melt, the main components of the laboratory facility, will be developed and debugged. 1 article will be published in a peer-reviewed foreign journal with an impact factor such as Non-ferrous metals, Fundamental research and 2 articles in domestic journals with an impact factor, such as Industry of Kazakhstan, Mining Journal of Kazakhstan, Vestnik KazNRTU.

	2
	Stage 2.

Technological experiments on the processing of various types of raw materials under redox conditions and the study of the distribution of metals between the products of smelting.
	January
2019
	1 November 2019
	Technological experiments will be carried out on the processing of various types of raw materials under redox conditions and the study of the distribution of metals between smelting products.

Various options for smelting processing of substandard products will be worked out. New data on the distribution of metals will be obtained.

	2.1
	V. Thermodynamics of recovery of complex polymetallic mattes with natural gas.
	January
2019
	March
2019
	The thermodynamics of the reduction of complex polymetallic mattes with natural gas will be investigated.

New matte natural gas recovery data will be obtained.


	2.2
	VI. Technological experiences on

recovery of non-conditioned mattes with natural gas.
	April
2019
	June
2019
	Technological experiments will be carried out to restore non-conditioned mattes with natural gas.

Losses of lead with matte will be studied in the conditions of blowing the matte melt with natural gas.

	2.3
	VII. Study of the reduction of lead in mattes. Solubility of lead in binary and ternary sulfide melts.
	July 2019
	September
2019
	Reductions in lead in mattes will be investigated. Solubility of lead in binary and ternary sulfide melts.

Enhancing lead recovery in crude lead will be investigated. Improvement in the quality of matte and rough lead will be studied.

	2.4
	VIII. Technological experiments on the study of the distribution of copper, lead in the joint melting of mattes with oxide and sulfide materials.
	October
2019
	1 November 2019
	Technological experiments will be carried out to study the distribution of copper and lead during the joint melting of mattes with oxide and sulfide materials. The forms of metal occurrence in smelting products will be studied. The reasons and factors influencing the equilibrium distribution of metals between slag and matte will be established. 1 article will be published in a peer-reviewed foreign journal with an impact factor, such as Non-Ferrous Metals, Fundamental Research and 2 articles in domestic journals with an impact factor, such as Industry of Kazakhstan, Mining Journal of Kazakhstan, Vestnik KazNRTU.


	3
	Stage 3. Research of the distribution of non-ferrous metals, arsenic and antimony between melting products, applicable to the conditions of blast concentrating smelting (BCS)
	January
2020
	1 November 2020
	The distribution of non-ferrous metals, arsenic and antimony between the smelting products will be investigated in relation to the conditions of mine contractile smelting (BCS).

The reasons and factors influencing the loss of copper, lead with slags will be established. New results will be obtained to increase the extraction of copper and lead from copper-lead mattes.

	3.1
	IX. Research of the forms of presence of non-ferrous metals, arsenic and antimony in the initial and obtained products of BCS
	January
2020
	March
2020
	The forms of occurrence of non-ferrous metals, arsenic and antimony in the initial and obtained BCS products will be investigated. New results will be obtained on the forms of occurrence of copper, lead, arsenic and antimony in smelting products. Metals will be distributed between smelting products in a complex matte-slag-gas phase system.

	3.2
	X. Research of the interaction of the components of the initial charge with oxide and oxide-sulfide melt
	April
2020
	June
2020
	A study of the interaction of the components of the initial charge with the oxide and oxide-sulfide melt will be carried out.

New data will be obtained on the interaction of the components of the initial charge (converter slag, copper slag, etc.) with oxide-sulfide melts.


	3.3
	XI. Technological experiments to reduce copper and lead losses with converter slag.
	July 2020
	September
2020
	Technological experiments will be carried out to reduce copper and lead losses with converter slag.

New data will be obtained on the forms of occurrence and distribution of metals between slag and matte. The quality of the products received will be improved.

	3.4
	XII. Evaluation of the obtained results and issuance of technological recommendations.
	October 2020
	1 November 2020
	An assessment of the results obtained and the issuance of technological recommendations will be obtained.

The optimal composition of the initial charge will be selected. The technical and economic indicators of the process will be obtained. A new structure of the charge and the resulting smelting products will be obtained. 2 articles will be published in foreign journals (Scopus) with a non-zero impact factor. 2 patent applications will be filed.


APPENDIX B
List of published works on the topic for 2018-2020:
	№
	Output data of works
	Link

	2018 

	1
	Dosmukhamedov N., Egizekov M., Zholdasbay E., Kaplan V. Metal Recovery from Converter Slags Using a Sulfiding Agent // JOM  -2018. – Vol. 70, issue 10. –P. 2400-2406. WOS, Scopus, Процентиль – 84%.
	DOI: 10.1007/s11837-018-3093-8

	2
	Fedorov A.N., Dosmukhamedov N.K., Zholdasbay E.E., Lukavyy S.L. Liquidus temperature of high-copper slags and solubility of copper oxide in the Cu2O-FeO-CaO-SiO2 system // Non-ferrous metals. –2018. - No. 9. - P.33-38. Scopus, Q-2, Percentil – 37%. (Russian)
	DOI: 10.17580/tsm.2018.09.04

	3
	Dosmukhamedov N.K., Zholdasbai Е.Е., Dauletbakov T.S., Balgimbayeva U.A., Kurmanseitov M.B., and Moldabaeva G.Zh. Ways of improving the technology of processing of semi-products and recycling materials of the lead production // Vestnik KazNRTU. –2018 – № 5 (129). – С. 106-112.
	http://kaznitu.kz/download/document/7043/ВЕСТНИК%20№5-2018%20(1).pdfисправл.pdf

	4
	Zholdasbay E., Nurlan G., Kurmanseitov M., Tleuliev K., Dosmukhamedov N. Processing of low-grade sulphide copper concentrate in the Vanyukov furnace // Vestnik KazNRTU. – 2018. - № 4 (128). – P.458-462 (Kazakh)

	http://kaznitu.kz/download/document/7005/ВЕСТНИК-№4-2018.pdf

	2019 

	1
	Dosmukhamedov N.K., Fedorov A.N., Zholdasbay E.E. Distribution of Cu, Pb, Zn and As between the products of two-stage reductive depletion of high-copper slags // Non-ferrous metals. - 2019. - No. 7. - P. 30-35. Scopus, Q-2, Percentil – 37%. (Russian)
	DOI: 10.17580/tsm.2019.07.03

	2
	Fedorov A.N., Dosmukhamedov N.K., Zholdasbay E.E. Features of the formation of liquid phases and viscosity of the slag system Cu2O - FeOх - SiO2 - CaO - Al2O3 saturated with copper oxide // Non-ferrous metals. - 2019. - No. 1. - P. 19-25. Scopus, Q-2, Percentil – 37%. (Russian)
	DOI: 10.17580/tsm.2019.01.03

	3
	Dosmukhamedov N.K., Zholdasbay E.E. Metallization degree of copper-lead mattes // International Journal of Applied and Fundamental Research. - 2019. - No. 1. - P. 9-17. RSCI, IF – 0,570. (Russian)
	URL: https://applied-research.ru/ru/article/view?id=12632

	4
	Dosmukhamedov N.K., Fedorov A.N., Zholdasbay E.E. Thermodynamics of reductive depletion of the Cu-Me-Fe-O-SiO2 (Me - Pb, Zn, As) system with natural gas // International Journal of Applied and Fundamental Research. –2019. - No. 9. - P. 62-68. RSCI, IF – 0,570. (Russian)
	URL: https://applied-research.ru/ru/article/view?id=12852 

	5
	Dosmukhamedov N.K., Zholdasbay E.E. The dynamic method of the CO - CO2 - SO2 gas flow to study the equilibrium of the matte - slag system // Mining Journal of Kazakhstan. - 2019. - No. 6. - P. 41-46. (Russian)
	

	6
	N.K. Dosmukhamedov, E.E. Zholdasbay, M.B. Kurmanseitov Technological experiences for level recovery of copper-lead matte // Vestnik KazNRTU. – 2019. – № 1 (131). – Р. 260-266.
	https://official.satbayev.university/download/document/8027/ВЕСТНИК-2019%20№1.pdf

	7
	Method of two-stage processing of high-copper slags // Dosmukhamedov N.K., Zholdasbay E.E., Kurmanseitov M.B. Positive decision to grant a patent KZ No. 2019 / 0270.1 dated 19.04.2019. (Russian)
	

	8
	Zholdasbay E., Dosmukhamedov N. Mathematical model of mine contractile smelting // “Rational use of minerals and technogenic raw materials in the conditions of Industry 4.0” Proceedings of the international scientific and practical conference. 14-15 march, 2019. Almaty. – P. 478-493. (Kazakh)
	

	9
	Zholdasbay E.E., Dosmukhamedov N.K. Influence of slag composition on copper and lead losses during smelting of copper- and lead-containing raw materials // Tr. International Scientific Conference "Science and Innovation - Modern Concepts". February 21, 2019. Moscow. - P. 139-154. 
	http://nauchoboz.ru/wp-content/uploads/2019/03/Сборник-НАУКИ-И-ИННОВАЦИИ-21-февраля-2019-часть-1.pdf

	10
	N. Dosmukhamedov, E.  Zholdasbay, V. Kaplan Рartitioning of Cu, Pb, Zn and As following high temperature treatment of smelter slag // IX International science conference The latest research in modern science: experience, traditions and innovations. 20-21 June, 2019, Morrisville, North Caroline, USA. – P. 34-42
	http://otkritieinfo.ru/f/sbornik_noveyshiye_9.pdf

	11
	Dosmukhamedov N.,  Zholdasbay Е., Kurmanseitov M. et all. Research of influence of temperature and partial pressure of oxygen on the solubility of copper and lead in slags // International Conference Process Management and Scientific Developments. Birmingham, United Kingdom. December 19, 2019. –Р.139-149. 
	DOI: 10.34660/INF.2019.3.44526

	2020 

	1
	N. Dosmukhamedov, A. Argyn, E. Zholdasbay, G. Moldabayeva. Forms of oxygen presence in copper–lead matte // JMR&T. – 2020. – Vol.9 (5). – P.11826-11833. WOS, Scopus, Percentil – 68%.
	https://doi.org/10.1016/j.jmrt.2020.08.029

	2
	Dosmukhamedov N. K., Fedorov A. N., Zholdasbay E. E., Argyn A.A.  Investigation of Cu, Pb, Zn, As, Sb distribution during the lead semiproducts and copper-zinc concentrate comelting // Non-ferrous metals. – 2020. – №1. – P.8-14. Web of Science, Q2, Percentil – 45%.
	DOI: 10.17580/nfm.2020.01.02.

	3
	Dosmukhamedov N.K., Zholdasbay E.E. Solubility of Cu, Pb, As, Sb from copper-lead mattes to slag // Complex Use of Mineral Resources. – 2020. – №1 (312). – P.31-40.                                    RSCI, IF – 0,222.
	DOI: 10. 31643/2020/6445.04.

	4
	Dosmukhamedov N. K., Zholdasbay Е. Е., Kurmanseitov M.B., Argyn A.A. Zheldibay M. A. Technological experiments of joint smelting of lead intermediate products, recycled materials and high-sulfur copper-zinc concentrate // Complex Use of Mineral Resources. – 2020. – №2. – P.5-13. RSCI, IF – 0,222.
	DOI: 10.31643/2020/6445.11.

	5
	Dosmukhamedov N.K., Zholdasbay E.E., Argyn A.A., Kashagan A.D. Thermodynamics of the Cu-Me-Fe-S-CH4 (Me-Pb, Zn, As) system // International Journal of Applied and Fundamental Research. - 2020. - No. 3. - P. 55-60. RSCI. IF-1.08. (Russian)
	URL: https://www.applied-research.ru/ru/article/view?id=13036

	6
	Dosmukhamedov N.K., Zholdasbay E.E., Abzhan K.N., Kashagan A.D., Zheldibay M.A. The influence of slag composition on the distribution of Cu, Pb, As, Au, Ag between matte and slag during smelting of lead raw materials // Vestnik KazNRTU. – 2020. – № 1 (137). – С.449-455.
	https://official.satbayev.university/download/document/14380/ВЕСТНИК-2020%20№1.pdf

	7
	Dosmukhamedov N.K., Zholdasbay E.E., Kurmanseitov M.B., Argyn A.A. Phase equilibrium systems copper-lead matte – slag saturated with silica // Gornyj Zhurnal Kazahstana. – 2020. – № 1. – P.35-42. (Russian)
	

	8
	Submersible lance for melt blowing // Dosmukhamedov N.K., Zholdasbay E.E., Kurmanseitov M.B., Argyn A.A. Application for the election of KZ No.2020 / 0125.1 dated 02.24.2020. (Russian)
	

	9
	Method of processing copper-, lead-, zinc-containing semi-products and recycled materials of non-ferrous metallurgy // Dosmukhamedov N.K., Zholdasbay E.E., Kurmanseitov M.B., Argyn A.A. Application for the election of KZ No. 2020 / 0497.1 dated 27.07.2020. (Russian)
	

	10
	Dosmukhamedov N.,  Zholdasbay E. Model of oxide solubility of copper and lead in slag of reduction smelting of copper -, lead-containing raw materials // The 5th International scientific and practical conference Dynamics of the development of world science. January 22-24, 2020. Vancouver, Canada. –P.78-90.
	https://sci-conf.com.ua/wp-content/uploads/2020/02/dynamics-of-the-development-of-world-science_19-21.02.2020.pdf

	11
	Dosmukhamedov N.,  Kaplan V., Zholdasbay E. Cu, Pb, Zn And As Distribution in the Slag Treatment Process // 11th International Conference on  Molten Slags, Fluxes and Salts.  25-29 May 2020, Seoul, Korea.
	In the press

	12
	Dosmukhamedov N.K., Argyn A.A., Zholdasbay E.E. Behavior of copper compounds and associated metals-impurities in the process of converting copper-lead mattes // Materials of the interuniversity scientific congress "Higher school: scientific research". Moscow, March 6, 2020 - pp. 127-139. (Russian)
	

	13
	Dosmukhamedov N.K., Egizekov M.G., Argyn A.A., Zholdasbay E.E. To the thermodynamics of copper-lead matte // International University Science Forum Science, Education, Practice. Canada, Toronto, April 22, – 2020. – Р. 167-176.
	

	14
	Dosmukhamedov N.K. Copper metallurgy: Status, development prospects, autogenous processes. Study guide: - Almaty, KazNRTU. - 2020. - 127 p. (Russian)
	

	15
	Dosmukhamedov N.K. Copper metallurgy: Status, development prospects, autogenous processes. Study guide: - Almaty, KazNRTU. - 2020. - 2020. - 132 p. (Kazakh)
	


APPENDIX C
ЗАДАНИЕ 

на проведение патентных исследований

Наименование работы (темы) № 2018/АР05130595: 

«Разработка новой высокотехнологичной барботажной технологии прямого извлечения свинца, меди, цинка и редкоземельных металлов в товарные продукты из некондиционных полупродуктов и оборотных материалов свинцового производства».

 (приоритет 1 – Рациональное использование природных, в том числе водных ресурсов, геология, переработка, новые материалы и технологии, безопасные изделия и конструкции.) 
Специализированное научное направление: «1.4 – Комплексное использование минерального сырья».

Этап работы:  технический уровень и тенденции развития
Сроки выполнения: 2018 г.
Задачи патентных исследований: Выявление технического уровня и тенденций развития новых  способов переработки полупродуктов и оборотных материалов свинцового производства с получением товарных продуктов. 
КАЛЕНДАРНЫЙ ПЛАН

	Виды патентных исследовании
	Подраз-деления исполни-тели (соиспол-нители)
	Ответственные исполнители
	Сроки выполнения патентных исследова-ний

Начало Окончание
	Отчетные докумен-ты

	Технический уровень тенденций развития за последние 50 лет
	-
	  Даулетбаков Т.С., 

  Молдабаева Г.Ж.

	2018 г.


	Отчет о патентных исследова-ниях


Руководитель темы                              Досмухамедов  Н.К.          01.06.18 г.

                                                            личная подпись              расшифровка подписи                                дата
                                                                                   Регламент поиска                            01.06.2018 г.  дата составления регламента

Наименование работы (темы) «Разработка новой высокотехнологичной барботажной технологии прямого извлечения свинца, меди, цинка и редкоземельных металлов в товарные продукты из некондиционных полупродуктов и оборотных материалов свинцового производства».

Номер и дата утверждения задания ____________________

Цель поиска информации (в зависимости от задач патентных исследований, указанных в задании) оценка технологии переработки полупродуктов и оборотных материалов свинцового производства с получением товарных продуктов. 
Обоснование регламента поиска выполнение НИР согласно  календарного плана 
Начало поиска          2018 г.                                                        Окончание поиска           2018 г.

	Предмет поиска (объект исследования, его составные части, товар)
	Страна поиска
	Источники информации по которым будет проводиться поиск
	Ретро-спек-тив-ность
	Наименование информационной базы (фонда)

	
	
	патентные
	НТИ
	
	

	
	
	Наименование
	Классификация

рубрики МПК   

  (МКИ), МКПО, НКИ и другие
	Наименование
	Рубрики УДК и другие
	
	

	Разработка новой высокотехнологичной барботажной технологии прямого извлечения свинца, меди, цинка и редкоземельных металлов в товарные продукты из некондиционных полупродуктов и оборотных материалов свинцового производства
	РК, РФ, США, Франция, Япония
	Бюллетень РК «Промышленная собственность», Бюллетень РФ «Изобретения», Бюллетень «Изобретения стран мира». Вып.48.
	 C22B7/04, C22B15/00,C22B7/04,C22B7/00, C22B13/02, C22B15/00, C22B19/00, МПК C22B 15/06, C22B 13/02, C22B 30/04, C01G 47/00

	РЖ «Металлургия», РЖ НИР и ОКР «Металлургия», КИМС, Цветные металлы, Цветная металлургия, 

Chemical Engineering, 

The mining Engineering, 

The mining Technology/
	УДК

669-1 
	20 лет

(1998-2018)
	РПФ

Фонд ИМиО

РНТБ
ЦНБ


Отчет о поиске

1 Поиск проведен в соответствии с заданием и регламентом поиска

2 Этап работы: Определение технического уровня

3 Начало поиска: 2018 г.   Окончание поиска: 2018 г.
4 Сведения о выполнении регламента поиска (указывают степень выполнения регламента поиска, отступления от требований регламента, причина этих отступлений): Поиск проведен в соответствии с регламентом поиска на требуемую глубину и по ведущим в исследовании данного вопроса странам. Регламент поиска выполнен в полном объеме.

5 Предложения по дальнейшему проведению поиска и патентных исследований: нет
6 Материалы, отобранные для последующего анализа

Таблица 1 – Отчет о патентном поиске

	Предмет поиска (объект исследования,

его составные части)
	Страна выдачи, вид

и номер охранного документа. Классификационный индекс
	Заявитель, (патентообладатель), страна.  Номер заявки, дата приоритета,

конвенционный приоритет,

дата публикации
	Название изобретения (полезной модели,

промышленного образца)
	Сведения о действии охранного документа или причина его аннули-рования только для анализа патентной чистоты)

	1
	2
	3
	4
	5

	Разработка технологии комплексной переработки полупродуктов, оборотных материалов и шлаков свинцового производства

	Патент РФ № 2592009
C22B7/00, C22B13/02, C22B15/00, C22B19/00 
	Дитятовский Леонид Исаакович (RU),
Досмухамедов Нурлан Калиевич (KZ), 

подача заявки: 2015-03-17, 

публикация патента: 20.07.2016
	Способ переработки полупродуктов цветной металлургии, содержащих свинец, медь и цинк
	Сведений не имеется

	
	Патент РФ № 2294972
 C22B7/02, C22B13/02
	Общество с ограниченной ответственностью "Промышленные экологические технологии",

подача заявки: 2005-08-15
публикация: 10.03.2007
	Способ переработки свинецсодержащих отходов производства
	Сведений не имеется

	
	Патент РФ № 2191835      

C22B7/00, C22B11/02, 
C22B61/00, C22B13/02 
	Институт металлургии Уральского отделения РАН
подача заявки: 2001-02-27
публикация патента: 27.10.2002
	Способ переработки свинцовых отходов, содержащих благородные и редкие металлы
	Сведений не имеется

	1
	2
	3
	4
	5

	Разработка технологии комплексной переработки полупродуктов, оборотных материалов и шлаков свинцового производства

	Патент РФ №2150520
C22B7/00, C22B13/02
	Акционерное общество открытого типа "Челябинский электролитный цинковый завод", 

Открытое акционерное общество "Институт ГИНЦВЕТМЕТ" 

подача заявки: 1998-11-24
публикация патента: 10.06.2000
	Способ переработки цинк-, медьсодержащих свинцовых кеков и пылей
	Сведений не имеется

	
	Патент РФ № 2154682
C22B7/00
	Институт металлургии Уральского отделения РАН

подача заявки: 1999-04-21
публикация патента: 20.08.2000
	Способ извлечения цветных металлов из медно-свинцовых отходов, содержащих олово и сурьму
	Сведений не имеется

	
	Патент РФ № 2208057
C22B7/00, C22B13/02
	Федеральное государственное унитарное предприятие "Государственный научно-исследовательский институт цветных металлов "Гинцветмет"

подача заявки: 2001-12-26
публикация патента: 10.07.2003
	Способ извлечения свинца из вторичного сырья
	Сведений не имеется

	
	Патент РК № 22763  

C22B 30/04, C01G 47/00
	Досмухамедов Нурлан Калиевич (KZ), Байысбеков Шыныбай Байысбекович (KZ), 

Калмукамбетов Айдос Онгарбаевич (KZ)
подача заявки: 2009-02-25

публикация патента: 16.08.2010
	Способ переработки сульфидных полиметаллических концентратов и промпродуктов
	Сведений не имеется

	
	Патент РФ № 2476611
C22B7/04, C22B15/00, C22B23/00, C22B4/06
	ПОЛЬ ВУРТ С.А. (LU)                                             подача заявки: 2008-10-10
публикация патента: 27.02.2013
	Извлечение металлов из отходов, содержащих медь и другие ценные металлы
	Сведений не имеется


	1
	2
	3
	4
	5

	Разработка технологии комплексной переработки полупродуктов, оборотных материалов и шлаков свинцового производства

	Патент РФ № 2398031  

C22B7/04, C22B5/10
	Федеральное государственное образовательное учреждение высшего профессионального образования "Сибирский федеральный университет"                            

подача заявки: 2009-09-10

публикация патента: 27.08.2010
	Способ обеднения твердых медно-цинковых шлаков
	Сведений не имеется

	
	Патент РК  № 15417
C22B 13/02, C22B 15/06
	Жаканов Кайрат Шамишевич (KZ)

подача заявки: 2004-06-21

публикация патента: 15.02.2005
	Способ переработки окисленных полиметаллических промпродуктов и материалов
	Сведений не имеется

	
	Патент РФ № 2135614 

C22B7/04
	Открытое акционерное общество "Компат" 

подача заявки: 1997-12-02
публикация патента: 27.08.1999
	Способ переработки окисленного полиметаллического сырья
	Сведений не имеется

	
	Патент РФ № 2114200

C22B7/00
	Институт металлургии Уральского отделения РАН

подача заявки: 1996-12-03
публикация патента: 27.06.1998
	Способ переработки отходов свинца, содержащих сурьму, олово и медь
	Сведений не имеется

	
	Патент РК № 31621

C22B 15/02, C22B 13/02
	Досмухамедов Нурлан Калиевич (KZ)

подача заявки: 2015-7-10
публикация патента: 30.09.2016
	Способ переработки сульфидных полиметаллических промпродуктов и окисленных материалов
	Сведений не имеется


Таблица 2 – Количество опубликованных охранных документов по годам (изобретательская активность)

	Объект техники и его составные части
	Страна подачи заявки
	Количество патентов, опубликованных заявок по годам подачи заявки

(исключая патенты-аналоги)

	
	
	1998
	1999
	2000
	2002
	2003
	2005
	2007
	2010
	2013
	2016

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	Разработка технологии 

переработки полупродуктов и оборотных материалов свинцового производства с получением товарных продуктов   
	Казахстан
	
	
	
	
	
	1
	
	1
	
	1

	
	Россия
	1
	1
	2
	1
	1
	
	1
	1
	1
	1


1 Технический уровень тенденции развития объекта исследования

1.1 Показатели технического уровня объекта техники

	Наименование

показателей
	Объект разработки (производства)

на 2012 год
	Значение показателей
	Прогноз на

2018 год

	
	
	Отечественные и зарубежные объекты аналогичного назначения 

(с указанием моделей фирм, стран, года известности)
	

	Разработка технологии комплексной переработки полупродуктов, оборотных материалов и шлаков свинцового производства

	Новые технологии переработки полупродуктов (медно-свинцовых штейнов, свинцовой пыли, конвертерного шлака), содержащих мышьяк и сурьму


	1. Способ переработки полупродуктов цветной металлургии, содержащих свинец, медь и цинк. Дитятовский Леонид Исаакович (RU),
Досмухамедов Нурлан Калиевич (KZ), подача заявки: 2015-03-17, публикация патента: 20.07.2016 патент № 2592009, РФ. 
	Разработать

новые методы и технологии повышения извлечения меди и свинца из медь-, свинец содержащих полупродуктов, оборотных материалов и шлаков свинцового производства 

	
	
	2. Способ переработки свинцовых отходов, содержащих благородные и редкие металлы. Институт металлургии Уральского отделения РАН подача заявки: 2001-02-27, публикация патента: 2001-02-27, патент №2191835, РФ
	

	
	
	3. Способ извлечения свинца из вторичного сырья.  Федеральное государственное унитарное предприятие "Государственный научно-исследовательский институт цветных металлов "Гинцветмет" подача заявки: 2001-12-26, публикация патента: 10.07.2003, патент № 2208057, РФ.
	

	
	
	4. Извлечение металлов из отходов, содержащих медь и другие ценные металлы. ПОЛЬ ВУРТ С.А. (LU) подача заявки: 2008-10-10, публикация патента: 27.02.2013. Патент РФ  №2476611.

	

	
	
	5. Способ переработки окисленных полиметаллических промпродуктов и материалов.  Жаканов Кайрат Шамишевич (KZ) подача заявки: 2004-06-21,   публикация патента: 15.02.2005.   Патент РК  № 15417.
	

	
	
	6. Способ переработки отходов свинца, содержащих сурьму, олово и медь. Институт металлургии Уральского отделения РАН подача заявки: 1996-12-03, публикация патента: 27.06.1998. Патент РФ № 2114200.
	

	
	
	7. Способ переработки сульфидных полиметаллических промпродуктов и окисленных материалов. Досмухамедов Нурлан Калиевич (KZ), Меркулова Валентина Петровна (KZ), подача заявки: 2015-7-10, публикация патента: 30.09.2016. Патент РК № 31621 
	


1.2 Тенденции развития объекта исследования

	Выявленные тенденции
	Источники информации
	Технические решения, реализующие тенденции

	
	
	В объектах организаций (фирмах)
	В исследуемом объекте

	Способ переработки полупродуктов цветной металлургии, содержащих свинец, медь и цинк
	Патент РФ № 2592009
C22B7/00, C22B13/02, C22B15/00, C22B19/00
от 20.07.2016
	Способ переработки полупродуктов свинцового производства, содержащих свинец, медь и цинк, включающий загрузку в шахтную печь упомянутых полупродуктов, кокса в качестве восстановителя, сульфидизатора и кварцевой руды в качестве флюса и их плавку при подаче кислородсодержащего дутья с получением чернового свинца, медного штейна и цинксодержащего шлака, отличающийся тем, что в качестве сульфидизатора используют концентрат или руду, содержащие свинец, медь и цинк, при этом отношение содержания кремнезема к содержанию цинка в загрузке составляет 1,2-1,6, отношение содержания меди к содержанию серы в загрузке составляет 0,7-1,2, отношение содержания свинца к содержанию меди в загрузке составляет 1,5-3,0.
	Будет проверен предложенный способ + для повышения экономических показателей процесса

	Способ извлечения цветных металлов из медно-свинцовых отходов, содержащих олово и сурьму
	Патент РФ № 2154682
C22B7/00
от 30.09.2016
	Способ извлечения цветных металлов из медно-свинцовых отходов, содержащих олово и сурьму, включающий загрузку материала с углеродистым восстановителем в расплав солей щелочных и щелочно-земельных металлов, плавление с восстановлением тяжелых цветных металлов, осаждение их в медно-свинцовый сплав и получение чернового свинца и лигатуры, богатой медью, оловом, сурьмой, отличающийся тем, что в качестве медно-свинцовых отходов используют медно-свинцовый штейн, содержащий олово и сурьму, который измельчают и загружают в карбонатный расплав щелочных и щелочно-земельных металлов, восстанавливают при температуре 890 – 950 oС, затем комплексный сплав, содержащий цветные металлы, отделяют от расплава карбонатов и охлаждают до температуры 700 – 715 oС с получением полупродуктов в виде черного свинца и лигатуры на основе меди, при этом после извлечения комплексного сплава процесс загрузки шихты периодически повторяют.
	Будет проверена технология для повышения экономических показателей процесса

	Способ переработки сульфидных полиметаллических промпродуктов и окисленных материалов


	Патент РК № 31621 

C22B 13/02, C22B 15/02 от 30.09.2016
	Способ переработки сульфидных полиметаллических промпродуктов и окисленных материалов, включающий загрузку флюса, последовательную продувку расплава воздухом, обогащнным кислородом и природным газом, отстаивание и раздельный выпуск чернового свинца и медного штейна с использованием образовавшегося шлака на повторных операциях, отличающийся тем, что в шихту в качестве сульфидизатора добавляют высокосернистый медно-свинцово-цинковый или медно-свинцовый концентрат.
	Будет проверена предложенная технология для повышения технико-экономических показателей процесса


2 Использование объектов промышленной (интеллектуальной) собственности и их правовая охрана

2.1 Анализ применимости в объекте исследований известных объектов промышленной (интеллектуальной) собственности

	Вид промышленной
собственности, наименование объекта промышленной
собственности,
патентообладатель
(страна, фирма)
	Номер охранного документа, классифика-ционный индекс, номер и дата подачи заявки (страна, номер заявки и дата конвенционного приоритета) и другие данные
	Наименование составных частей объекта, в которых могут быть использова-ны объекты промышленной
собственности
	Оценка влияния
использованных
объектов промышленной собственности на характеристики объекта
исследования
	Возможность и целесо-образность использо-вания объекта промыш-ленной собственности                  (в т.ч. приобретения лицензии) или причины отказа от использования
	Ожидаемый эффект


	1
	2
	3
	4
	5
	6

	Дитятовский Леонид Исаакович (RU),
Досмухамедов Нурлан Калиевич (KZ)
	Патент РФ № 2592009
C22B7/00, C22B13/02, C22B15/00, C22B19/00
от 20.07.2016 
	Способ переработки полупродуктов цветной металлургии, содержащих свинец, медь и цинк
	-
	Обнаружены общие признаки с исследуемым способом
	Повышение извлечения ценных металлов в товарные продукты

	Досмухамедов Нурлан Калиевич (KZ), Меркулова Валентина Петровна (KZ)


	Патент РК № 31621 

C22B 13/02, C22B 15/02 от 30.09.2016
	Способ переработки сульфидных полиметаллических промпродуктов и окисленных материалов


	-
	Обнаружены общие признаки с исследуемым способом
	Повышение извлечения ценных металлов в товарные продукты


3 Организации и фирмы, хозяйственная деятельность которых подвергалась анализу в процессе патентных исследований  
	Наименование фирмы, местонахождение, полный адрес
	Наличие дочерних фирм, их местона-хождение, взаимосвязь с ними и другими фирмами
	Сфера деятель-ности и положение на рынке
	Характер и активность деятельности
	Поставляемая на рынок продукция (тип, модель и т.д.), предоставляе-мые услуги
	Перспектив-ные направления совершен-ствования деятельности, ожидаемый результат 
	Коли-чество служа-щих
	Другие сведе-ния, характе-ризую-щие деятель-ность фирмы 

	
	
	
	научно-иссле-дова-тель-ской
	про-из-водст-вен-ной
	ком-мер-чес-кой
	
	
	
	

	АО Центр наук о земле, МОН РК, Казахстан, г. Алматы, ул. Шевченко 29/133
	Дочерних фирм нет
	Черная, цветная метал-лургия
	Осн.
	Вспомогат.
	Хоз. субъект
	Получение цветных металлов
	Цветная, чер-ная метал-лургия, (ред-кие металлы)
	Более 400 (2014 г.)
	

	Химико-металлургический институт 

НАН Республики Казахстан, Казахстан, Караганда, ул. Ермекова, 63, 100009
	Дочерних фирм нет
	Высшее образо-вание и наука
	Осн.
	Нет
	Нет свед.
	Образование, проектная и исследовательская деятельность
	Цветная, черная металлургия, 
	Около 500 (2014 г.)
	

	Национальный исследовательский технологический университет «МИСиС». 119049, Москва, Ленинский проспект, дом, 4
	Дочерних фирм нет
	Цветная метал-лургия
	Осн..
	Осн.
	Хоз. субъект
	Технологии обработки руды с поддающимися извлечению соединениями цветных металлов 
	Подготовка руды для лучшего извлечения компонентов 
	Более 2500 

(2014 г.)
	


APPENDIX D
[image: image69.jpg]COT'JIAINIEHHUE

o coBmecTHOM aestesbHocTH Mexay HAO «KasHUTY um. K.M. Carnaesa»
u TOO «llbimkeHT CMENTHHDY

r. AJmarhbl « » 2018 r.

HAO «KasHUTY um. K.. CarnaeBa» (KasHUTY), B nune [Ipopekropa mno Hayke
Kenxanuesa b.K., aeiicrByromero Ha ocHoBaHuu goBepeHHocTH Ne 11 ot 03.01.2018 r., ¢ oanoi
croposbl, # TOO «llIbiMkenT Cmearunr» B nune aupekropa Mo6paesa T.K., meictsyromero Ha
OCHOBaHMHM YCTaBa MPEANpPHUSATHS C JIPYrod CTOPOHBI (MMeHyeMble B janbHelmeM «CTOPOHBI»),
KOHCTATUPYs OOIIYI0 3aMHTEPECOBAHHOCTh B COBMECTHOM JAEATEIIEHOCTH IOANMCATIM HUKECIEAYIOLIEe
corJlaleHue:

Crarps nepsas

OCHOBHBIE HaNpaBJIEHUs COTPYAHUYECTBA B PaMKax BBIMIOJIHEHHs HAay4HO-HCCIIEI0BATEIbCKUX
pabotr no OwopkeTHod mnporpamme 217 «Passutne Hayku», noamporpamme 102 «['pantoBoe
¢uHancupoBanue HayuHbIX uccaenoBanuit» no reme MOH PK Ne AP05130595: «Paspaborka nosoii
BLICOKOTEXHOJIOTHYHOI 6ap0OTaKHOH TEXHOJIOTHH NPSIMOro U3BJICYEeHHs CBHHIA, MeIH, HHHKA H
peaKo3eMeIbHBIX META/IOB B TOBAPHBIE NMPOAYKTHI H3 HEKOHIAHIHMOHHBIX MOJYNPOAYKTOB H
000pPOTHBIX MATEPHAJIOB CBHHIOBOI'0 IIPOM3BOACTBA»:

1. TlpoBemeHHe  COBMECTHBIX  HAayYHO-HUCCIEJOBATEIbCKHX  paboT 1o  mepepaboTke
HEKOHAMIIMOHHBIX ME/b-, CBUHEI] COJEPKAIIUX MOITYIPOAYKTOB U OOOPOTHBEIX MaTepHaJIOB
CBUHIIOBOTO IPOM3BOJICTBA C KOMIUIEKCHBIM M3BJIEYEHHEM LICHHBIX METAUIOB B IIEJIEBBLIE
IPOJIYKTHI.

Pa3zpaborka W BblJa4a PEKOMEHAALMH IO MOJACPHH3ALMU CYLIECTBYIOUIMX TEXHOJIOIHUH
MOJIyYEHHUsI CBUHIIA U3 CBUHEI[ COAEPXKAIIMX TEXHOT€HHBIX OTXO/I0B.

o

CraTbs BTOpast
Peanu3anmio  BHIIEYKAa3aHHBIX — HAmpaBlieHHN  coTpyaHudecTBa  CTOPOHBI  HaMEPEHHI
OCYIIECTBISTD MyTEM:

*  [pOBeEHHs] KOMIJIGKCHBIX HCCJIEIOBAHUI MO U3YYEHMIO PABHOBECHS CHCTEM INTEHH — MITaK -
razoBass (paza W IITEHH - YEpPHOBOW CBHHell, (HOpMaM HAXOXKICHHS LEHHBIX BJIEMEHTOB B
L1aKaX, HEKOHJMLMUOHHBIX MOJYMPOAYKTaX M OOOPOTHBIX MaTepHajlaX C HCIOJIb30BaHHEM
nosbix pazpaborok KasHUTY u TOO «llIeiMkeHT CMEATHHIY;

*  YCTAHOBJEHHS ~ ONTHMAJbHBIX  TEXHOJOIMYECKHX M OKOJIOTMYECKMX  [1apaMeTpoB,
00eCIeunBaOIIMX BBICOKHE TIOKAa3aTed 10 HW3BJIICEUEHHUIO LEHHBIX METaUIOB B LEJIEBbIE
IPOLYKTHI;

*  AKTUBHOIO TMPHUBICYCHHsS WHKCHEPHO-TEXHUYECKUX pPabOTHUKOB H cneunnaaucros TOO
«lIpiMkeHT CMENTHHI» JUISL MPOBEICHHS] COBMECTHBIX HAy4YHO-HUCCIIEJOBATENbCKUX padoT 110
peau3alMi HAMEUEHHBIX MEPONPUSTHH € TPUBJIEYCHUEM MATEPUATBHO-TEXHMYECKON Oa3bl
00enX CTOPOH;

*  COBMECTHOM pa3paboTKu pabouux dYepTerked M H3rOTOBJIEHHs YCTAHOBKH JUIsl [POBE/ICHHUS
YKPYIHEHHBIX HCCIIEA0BAHHUM 110 NepepaboTKe MIIAKOB M APYTUX TEXHOT€HHBIX OTXO/OB.

CraTbs TPEThs
HacTosiee coriamedne MOXET OBITh H3MEHEHO M JIONOJHEHO I1I0 B3aWMHOMY COIJIACHIO
CTOPOH MOCPEACTBOM MOIITHCAHUS OTACNBHBIX JOHNOIHEHUH U MPOTOKOJIOB, KOTOPbIE OYyAyT SBISTHCS
ero HEOTHEMJIEMOM YaCThIO.
JT1oOble JOMOIHEHUSI W/WIN U3MeHeHus B HacTosmee CorjameHne UMEIOT IOPUANYECKYIO CUILY
TOJILKO B TOM CJIy4ae, /I OHH BBITOJHEHBI B IMCBMEHHOM BUJIE M MOANUCAHBI HA/UIEKAIIMM 00pa3om
YIIOJIHOMOYEHHBIMH Ha TO MPEACTABUTEIAMH KaX10i u3 CTOPOH.

Crarbs yerBépTras
CropHble BOIPOCH!, CBSI3aHHBIE ¢ NPHUMEHEHHEM MJIM TOJKOBaHHEM HacTosmero CornauieHus,
pa3pelaioTes MMyTeM KOHCYIbTAalHH U IeperoBopoB Mex 1y CTOpoHaMH.
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CropoHamu, B COOTBETCTBHH C ACHCTBYIONIMM 3aKoHOAaTeNbCTBOM PecnyOmmku Kasaxcras.

Crarbs naTas
Huuro B HactosmeM Cornamenud He OyAeT NMpensTCTBOBaTh MPUHATHIO CTOpOHAMH JTHOOBIX
Mep, KOTOpPHIE OHH CUHTAIOT, O€3yCIOBHO, HEOOXOAMMBIMH [UISS MPEJOTBPAINECHUS PACKPHITHS
UHGOpMAaLIUH, HAHOCSIIEH CYyIEeCTBEHHBIH ymep0 HHTepecaM uX 6e30IacHOCTH.

CraTbsa mecras

JIro6as uHGOpMaIHs (B HIECEMEHHOM WM yCTHOH (opme), packpeitas CTOpOHaMH IpYyT ApPYTY,
a TaloKe MOJydeHHas B XOJ€ COTPYAHHUYECTBA, B COOTBETCTBUHU ¢ HactosmmM CoriameHueM IOoDKHA
conepxatbcs CTOpoHaMH B CTporoil KoHpHIeHIUAIbHOCTH. VIHpOopMaIms He MOXKET OBITh MpojaHa,
oOMeHeHa, OmyOJIMKOBaHa WM pacKphelTa TPETbeMYy JIHIy, 0e3 IpeIBapHUTEILHOTO MHCHMEHHOTO
cornacus CtopoH. B ciydae HECaHKIIMOHUPOBAHHOTO PAacKphITUs HHpopMamuu BHHOBHas CTOpoHa
IIPUBJIEKAETCS K OTBETCTBEHHOCTH B COOTBETCTBHUHU C NIEHCTBYIOIIMM 3aKOHONATENLCTBOM PecmyOnuku
Kazaxcran.

CraTb1 ceapmas
Hacrosmee Cornamenue BCTyIaeT B CHIIy ¢ MOMEHTa ero noanucanuss CTOpoHaMHU M JEHCTBYET
o 31 nmexabps 2020 roma. ITo mcreyeHun ykasaHHOro cpoka Hacrtosimee CoryiamieHue MOXeET OBITh
IIPOJIOHTHPOBAHO, NPH 3TOM OGOpMIIETCS AONOJHHTEIBHOE COoralleHWe. B ciydae eciau oxHa u3
CropoH H3BABHT XEJIaHWE IOCPOYHO IPEKpaTHTh NeicTBHe HacTosmero CoryiaiieHdss oHa oOs3aHa
MHCBMEHHO YBEIOMHTH JPYTYIO CTOPOHY 3@ MECAI] IO PaCTOP)KEHHUSA COTJIAIICHHUA.

CraThd BocbMas
Hacrosmee CornameHne He HampaBleHO IPOTHB TPETHUX JIHMI[ M HE BIE€YET (PMHAHCOBBIX
0053aTeNbCTB NOIMCABIINX €r0 CTOPOH.

CrarTbi neBsTast
KasHHTY =e BmpaBe nepeiaBaTh CBOM IIpaBa 10 HacTosmeMmy COrIalIEeHHIO TPEThEH CTOPOHE
6e3 mucpMEHHOTrOo coryiacus Apyroi CTOpOHBI.
Hacrosmee Corjiamenue COCTaBlIeHO B 2-X SK3EMIUIAPaX HA PYCCKOM S3BIKE, MMEIOLINX
OJIMHAKOBYIO IOPHAMYECKYIO CHILY, II0 OJHOMY 3K3eMIUIIpY A Kaxao# u3 CTOpoH.

PexkBH3HTHI H NOANHCH CTOPOH:

HAO «KazHUTY um. K.!. CaTnaesa» TOO «IlIsiMkeHT CMEJITHHI»

r. Ammatsl, 050013, yin. Carmaesa, 22 r. lllemvkent, yn. Kanan Bateipa, 30,
npom3oHa «OHTYCTHK»

p/c: KZ628560000006968618 p/c: KZ84926080119W997000

KBE 16 KBE 17

bank: AI'® AO bank Lleatp Kpenut bank: AO Kazkommepubank
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APPENDIX E
APPENDIX F

Results of X-ray phase analysis of substandard matte


Mass Spectrometer Agilent 7700 Series ICP-MS.
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Figure F.1 - Bar chart of substandard matte sample 


DRON-3.

The study of the forms of metal presence was carried out using an automated X-ray diffractometer DRON-3 with CuК( - radiation, β-filter. Conditions for recording diffraction patterns: U = 35 kV; I = 20 mA; θ-2θ recording; detector 2 deg/min. X-ray phase analysis on a semi-quantitative basis was carried out on the basis of diffraction patterns of powder samples of slags and mattes using the method of equal portions and artificial mixtures. The quantitative ratios of the crystalline phases were determined. Interpretation of diffractograms was carried out using data from the ICDD card index: the database of powder diffractometric data PDF2 (Powder Diffraction File) and diffractograms of minerals free of impurities. The composition was calculated for the main phases.

[image: image72.emf]



 







































































































































































































































































































































































































































































































































































































































































































































































































































































































Pb

Pb

Pb

Cu

Pb Pb

Pb

Ca

Pb

Cu

Cu

Cu

Ba

Ba

Cr

Ba

Ba

Zn

Zn

Zn

Ba

Cu

Pb

Fe

Mn

Ca

Ba

S

Cr

Mn

K

Ba

Mg

K

Fe

K

Ca

C

Mn

Cr

Fe

S

Al

Pb

Zn

Pb

Zn

Mn

Cr

O

Fe

Ca

Si

0 2 4 6 8 10 12 14 16 18 20

кэВ Полная шкала 1149 имп. Курсор: 0.000 

Спектр 1


Figure F.2 - Spectrum of the averaged sample of the original matte*

	Spectrum 1
	Mg
	Al
	Si
	S
	Ca
	Fe
	As
	Sb
	Cu
	Zn
	Pb

	wt.%
	0.35
	1.98
	6.26
	7.18
	5.97
	16.65
	0.2
	0.32
	6.52
	3.20
	22.13



* The table shows data on the main elements of substandard matte.

Table F.1 - Rational composition of substandard matte

	Minerals
	Chemical elements and compounds

	
	Pb
	Cu
	Zn
	Fe
	Na
	Sb
	As
	S
	О
	СаО
	SiO2
	Oth.
	Total:

	PbS
	11.25
	
	
	
	
	
	
	1.70
	
	
	
	
	12.95

	РbО
	8.64
	
	
	
	
	
	
	
	0.67
	
	
	
	9.31

	Pb
	2.23
	
	
	
	
	
	
	
	
	
	
	
	2.23

	Cu2S
	
	6.52
	
	
	
	
	
	1.62
	
	
	
	
	8.14

	FeSO4
	
	
	
	6.75
	
	
	
	3.86
	7.72
	
	
	
	18.33

	Fе2О3
	
	
	
	9.90
	
	
	
	
	4.24
	
	
	
	14.14

	ZnO
	
	
	3.20
	
	
	
	
	
	0.79
	
	
	
	3.99

	Sb
	
	
	
	
	
	0.32
	
	
	
	
	
	
	0.32

	As2O3
	
	
	
	
	
	
	0.20
	
	0.06
	
	
	
	0.26

	Na2O
	
	
	
	
	1.08
	
	
	
	0.38
	
	
	
	1.46

	CaO
	
	
	
	
	
	
	
	
	
	7.21
	
	
	7.21

	SiO2
	
	
	
	
	
	
	
	
	
	
	9.27
	
	9.27

	Oth.
	
	
	
	
	
	
	
	
	
	
	
	12.39
	12.39

	Total:
	22.12
	6.52
	3.20
	16.65
	1.08
	0.32
	0.20
	7.18
	13.86
	7.21
	9.27
	12.39
	100.00


APPENDIX G
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“I AFFIRM”:

Director of RPA “Analytica”

__________Protopopov A.V.

“____”___________2019

ACT

of the test report on processing substandard mattes

In the period from June 18 to June 27, 2019, laboratory and large-scale laboratory tests were carried out at RPA “Analytica” to process substandard matte (copper-, lead containing raw materials) to obtain marketable products - copper matte and rough lead.

The average composition of the initial material, wt.%: Cu-6.52; Pb-22.12; Fe 16.65; Zn-3.2; S 7.18; As 0.8; Sb 0.32; others.

1. Under the conditions of laboratory experiments, the technological modes of selective extraction of copper and lead into commercial products were worked out at various consumptions of the reducing agent (coke, cast iron shavings) and intensive purging of the melt with natural gas. The natural gas consumption in all experiments was constant - 0.03 l/h.

The experiments were carried out in graphite crucibles at a temperature of 1250°C. The weighed portion of the initial material in all laboratory experiments was 0.5 kg.

As a result of the experiments, the optimal technological parameters of smelting were established, which were used for carrying out large-scale laboratory experiments.

2. The optimal composition of the charge of enlarged laboratory experiments: 89% matte, 3% cast iron shavings, 6% quartz sand, 2% coke.

The experiments were carried out in a two-electrode furnace with a power of 100 kW at a temperature of 1200-1250°C. To carry out large-scale laboratory experiments, a gas transportation system was preliminarily connected and tested with natural gas supplied to the layer of the processed material.

Weighed initial charge - 1.5 kg. Natural gas consumption - 1.89 l/h.

Each experiment was repeated for reproducibility. Good convergence of results was obtained. The original material that was processed for the entire testing period - 90 kg.

The results of the tests carried out have shown the fundamental possibility of processing substandard mattes and other copper- and lead-containing intermediate products by purging with natural gas in the presence of coke and cast iron shavings.

The best results were achieved when the melt was purged with natural gas for 30 minutes. The consumption of reducing agents: coke - 0.5%, cast iron shavings - 0.9% of the weight of the original matte.

Lead extraction ещ rough lead - 80%.

Recovery of copper into marketable copper matte - 85.2%.

From RPA “Analytica” 




From KazNRTU 

named after K.I.Satbayev

Head of Smelting Department



Chef Researcher, Dr of Tech.Sc.,









Professor

______________Suleimenov E.A.



___________ Dauletbakov T.S.









Researcher,









___________Kurmanseitov M.B.

APPENDIX H

Results of the study of the solubility of lead in binary and ternary 

sulfide systems of copper, iron and lead 


Schematic look of the setup for studying the equilibrium of the lead-sulfide melt system 

[image: image74.jpg]T2





1 – argon cylinder container; 2 – reducer; 3 – vessel with H2SO4; 4 – vessel with  CaCl2;

5 – potentiometer КСП-4-002; 6 – thermocouple with a cover;

7 – electric furnace; 8 – working space container area; 9 – crucibles with samples; 

10 – autotransformer; 11 – cover.

Figure H.1 – Schematic look of the installation for studying 
the equilibrium of the lead-sulfide melt system

Experimental technique. Metallic lead in an amount of 1.5-2 g was placed in alundum crucibles, on top of which 5 g of matte was loaded. The compositions of the original mattes were set by mixing pre-synthesized pure sulfides of copper, iron and lead in certain proportions. The studies were carried out under a layer of synthetic slag with the composition, wt.%: 73 SiO2, 22 Na2O, and 5 CaO. The solubility of non-ferrous metals and sulfur in such slags is minimal.

The slag weight in all experiments was constant - 10 g. The sublimation of lead through an artificially specified slag layer was insignificant: no more than 2% of its total amount of the initial weight. Samples of the initial materials were compiled taking into account the established errors.

Preliminary experiments showed that equilibrium in the investigated lead-matte system is established within 30-45 minutes. The possibility of the transition of sodium to matte in the form of Na2S was estimated by calculating the Gibbs energy for the reactions of interaction of sodium silicate with sulfides of copper, iron, and lead. The calculated values ​​of the Gibbs energy for the considered reactions turned out to be positive, which indicated impossible way of the transition of sodium sulfide to the matte phase at the temperatures of the experiments.


The experiments were carried out at temperatures of 1373, 1473, 1573 K in an atmosphere of purified argon, with the duration of the experiments - 60 min. After the experiments, crucibles were quenched in water in order to prevent the reverse release of lead from the melt.

After the experiments, matte samples were subjected to chemical analysis for lead content. For the calculations, only those experiments with no mechanically entrained lead in the mattes were taken.

The solubility of lead was determined by the chemical method of matte analysis, as well as by calculation based on the yield of melted products. The material balance was compiled for lead in parallel experiments, differing from each other only in the amount of the initial lead, given in each of them with a slight excess. In this case, two types of material balance equation are obtained with two unknowns: the lead content in the resulting matte (Pbkmatte) and in the remaining metal phase (Pbme) (the solution of matte components in lead). The concentration of lead in the resulting matte was determined by solving a system of equations on a computer. The system of material balance equations for parallel experiments, with different loading of the initial metallic lead, can be represented as follows:

         М1нРb+ РbнmatteМнmatte + РbнslagМslag = РbкmatteМ1кmatte+РbкslagМslag+ РbмеМ1ме+ Рbloss,

          М2нРb+РbнmatteМнmatte + РbнslagМslag= РbкmatteМ2кmatte +РbкslagМslag+РbмеМ2ме+ Рbloss,


where:  М1нРb  and М2кРb – initial amounts of loaded lead in experiments 1 and 2; 

Мнmatte  – mass of original matte; Мslag – mass of the loaded slag; 

М1ме and  М2ме – amount of the obtained metal phase;

Рbнmatte  and Рbнslag – initial lead content in matte and slag; 

Рbкslag – lead content in the slag after the experiment; 

Рbкmatte and Рbме – content of lead in the phases obtained after the experiment - matte and metal; 

Рbloss – loss of lead during the experiment due to sublimation (2 %).


The initial amounts of matte and slag (Мнmatte and Мslag) in all experiments were constant and amounted to 5 and 10 g, respectively. The amount of slag after the experiments did not change, therefore, the initial weighed portion of the slag was used in the calculations. With the given initial parameters, the final lead content in obtained mattes in parallel experiments should be the same (the discrepancy is within the root-mean-square error). The assessment of the convergence of the results was checked by comparative analysis of the variance of five parallel experiments using Fisher's test. The discrepancies in the data on the solubility of lead in copper, iron and lead sulfides were insignificant.

The calculated data obtained by solving the system of equations of the material balance from parallel experiments with the results of the chemical analysis of mattes, were subjected to mathematical processing on a computer.

After the experiment, the matte samples were subjected to X-ray diffraction and microscopic analyzes for the content of the lead metal phase in them. Experiments of the mattes with no mechanically entrained lead were taken into account.

Solubility of lead in binary sulfide alloys

Cu1.98S–PbS, Fe0.95S–PbS and Cu1.98S–Fe0.95S


The study of the solubility of lead in binary sulfide alloys was carried out at temperatures of 1273, 1373, 1473 K. The solubility of lead in ternary sulfide alloys Cu1.98S–PbS–Fe0.95S was studied at a temperature of 1473 K. The compositions of the initial mattes were set by mixing pre-synthesized pure copper and iron sulfides and lead in certain proportions.
Solubility of lead in the Cu1.98S–PbS system.      
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Figure H.2 - Dependence of lead solubility on the composition
 of the Cu1.98S – PbS system and temperature 
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Figure H.3 - Dependence of the activity coefficient of lead (γPb) 
on the composition of the Cu1.98S – PbS system and temperature 
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Figure H.4 - Dependence of Gibbs energy (∆G)

on the composition of the Cu1.98S – PbS system and temperature 

Solubility of lead in the Fe0.95S – PbS system.
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Figure H.5 - Dependence of lead solubility on the composition 
of the Fe0.95S – PbS system and temperature 
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Figure H.6 - Dependence of the activity coefficient of lead (γPb) 
on the composition of the Fe0.95S – PbS system and temperature
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Figure H.7 - Dependence of Gibbs energy (∆G) on the composition 
of the Fe0.95S – PbS system and temperature 

Solubility of lead in the Cu1.98S – Fe0.95S system. 
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Figure H.8 - Dependence of lead solubility on the composition 
of the Cu1.98S – Fe0.95S system and temperature 
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Figure H.9 - Dependence of the activity coefficient of lead (γPb) 
on the composition of the Cu1.98S – Fe0.95S system and temperature 
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Figure H.10 - Dependence of Gibbs energy (∆G) on the composition 
of the Cu1.98S – Fe0.95S system and temperature 
Solubility of lead in ternary alloys Cu1.98S – Fe0.95S – PbS.
[image: image84.emf]
Figure H.11 - General view of the diagram Pb – Cu1.98S – Fe0.95S – PbS 
and the solubility of lead in binary and ternary sulfide systems 
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Figure H.12 - Solubility of lead in ternary sulfide alloys at Cu2S, Fe0.95S = const. 
The step of change for Cu2S, Fe0.95S is 10%.
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Figure H.13 - Change in the solubility of lead in the Cu1.98S – Fe0.95S – PbS 
system depending on PbS: Cu1.98S at T = 1473 K.
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Figure H.14 - Dependence of lead solubility in the Cu1.98S – Fe0.95S – PbS 
system on the Cu1.98S content at different Fe0.95S: PbS. T = 1473 K.
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Figure H.15 - Dependence of the change in the activity coefficient of lead 
on the composition of the sulfide alloy Cu1.98S – Fe0.95S – PbS at T = 1473 K 
APPENDIX J
Results of investigations of the forms of occurrence of non-ferrous metals, arsenic 

and antimony in the initial and obtained products of BCS and the degree of metallization of mattes

Forms of finding metals in the original and obtained products.
Table J.1 – The results of elemental analysis of the compositions of industrial samples of mattes and slags

	#
	Matte composition, wt.%
	Slag composition, wt.%

	
	[Cu]
	[Pb]
	[Zn]
	[Fe]
	[As]
	(Cu)
	(Pb)
	(ZnO)
	(SiO2)
	Fetot.
	(CaO)
	(As)

	1.
	38.66
	26.33
	4.2
	7.63
	4.38
	0.5
	1.08
	11.54
	24.2
	20.7
	20.7
	0.19

	2.
	42.55
	29.34
	4.24
	8.94
	4.77
	0.47
	1.24
	11.72
	26.49
	21.18
	19.7
	0.17

	3.
	44.25
	24.36
	4.73
	9.49
	4.39
	0.52
	0.89
	10.7
	25.67
	19.72
	21.47
	0.16

	4.
	37.19
	26.16
	4.33
	8.29
	4.19
	0.49
	1.45
	11.64
	25.31
	20.5
	18.69
	0.23

	5.
	40.52
	28.74
	3.24
	5.96
	4.98
	0.52
	1.45
	10.42
	24.69
	21.5
	19.85
	0.25

	6.
	42.41
	29.66
	2.96
	5.62
	5.94
	0.53
	1.38
	11.52
	25.78
	20.9
	18.08
	0.23

	7.
	39.92
	26.42
	4.13
	8.88
	3.91
	0.54
	1.26
	17.3
	21.83
	22.2
	18.91
	0.1

	8.
	39.28
	25.11
	4.76
	12.93
	3.29
	0.42
	1.3
	9.94
	25.15
	24.25
	15.0
	ND

	9.
	37.51
	25.47
	5.25
	13.17
	2.88
	0.53
	0.63
	8.54
	25.51
	22.22
	21.02
	ND

	10.
	34.73
	19.76
	6.84
	12.8
	2.8
	0.35
	0.67
	ND
	26.19
	20.93
	19.17
	0.21


Diffraction patterns of slag and matte samples and the results of semi-quantitative X-ray phase analysis are shown in Figure J.1.
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Figure J.1 – Diffraction patterns of powder samples of slag and matte

Figure J.2 shows fragments of slag microsections.
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1 - alloy of copper, iron with arsenic and antimony;

4 - magnetite (Fe3O4); 10 - delafossite CuFeO2; 11 - wustite (FeO)

Figure J.2 – Slag microstructure. Magnification - x300
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Figure J.3 – Microanalysis of the slag surface

The structure of copper-lead mattes is more complicated (Fig. J.4).
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1 - intermetallic compounds: an alloy of copper, iron with arsenic and antimony;

2 - metallic copper; 4 - magnetite (Fe3O4); 5 - FeS + Cu2S;

6 - sphalerite ZnS; 7 - plattnerite PbO2; 8 - galena PbS.

Figure J.4 – Surface microstructure of a matte sample. Magnification - x300

Study of the degree of matte metallization.

Research methods. Elemental analysis was performed using an Agilent 7700 Series ICP-MS inductively coupled plasma mass spectrometer.

The study of the forms of metal presence was carried out using an automated X-ray diffractometer DRON-3 with CuК( - radiation, β-filter. Conditions for recording diffraction patterns: U = 35 kV; I = 20 mA; θ-2θ recording; detector 2 deg/min. X-ray phase analysis on a semi-quantitative basis was carried out on the basis of diffraction patterns of powder samples of slags and mattes using the method of equal portions and artificial mixtures. The quantitative ratios of the crystalline phases were determined. Interpretation of diffractograms was carried out using data from the ICDD card index: the database of powder diffractometric data PDF2 (Powder Diffraction File) and diffractograms of minerals free of impurities. The composition was calculated for the main phases.

In order to reproduce the obtained results, individual paired powder samples of slags and mattes were additionally processed on a D8 Advance diffractometer (Bruker) with α-Cu radiation, with a tube voltage of 40/40. The processing of the obtained data of diffraction patterns and the calculation of the interplanar distances were carried out using the EVA software. Sample decoding and phase search were carried out by the Search/match program using the ASTM Cards Database.

Mineralogical studies of the surface structure of solid samples of mattes and slags were carried out using a Neofot microscope (Carl Zeiss AG, Germany). 
Micro- and morphological analysis of the surface of individual slag samples was carried out using a JEOL EDS System (USA) scanning electron microscope.

 Table J.2 - Average monthly compositions of industrial mattes 
	# of sample
	Matte composition, wt.%

	
	[Cu]
	[Pb]
	[Zn]
	[S]
	[Fe]
	[As]
	[Sb]

	1
	38.66
	26.33
	4.2
	11.43
	7.63
	4.38
	1.56

	2
	42.55
	29.34
	4.24
	8.59
	8.94
	4.77
	1.57

	3
	44.25
	24.36
	4.73
	10.48
	9.49
	4.39
	1.52

	4
	37.19
	26.16
	4.33
	10.41
	8.29
	4.19
	1.49

	5
	40.52
	28.74
	3.24
	10.13
	5.96
	4.98
	1.6

	6
	42.41
	29.66
	2.96
	5.94
	5.62
	5.94
	1.62

	7
	39.92
	26.42
	4.13
	11.31
	8.88
	3.91
	1.55

	8
	39.28
	25.11
	4.76
	12.22
	12.93
	3.29
	1.44

	9
	37.51
	25.47
	5.25
	14.13
	13.17
	2.88
	1.51

	10
	38.76
	23.29
	6.07
	10.07
	12.43
	3.06
	1.5

	11
	40.53
	24.09
	4.95
	12.07
	9.96
	3.22
	1.45

	12
	35.8
	28.76
	4.24
	12.2
	7.87
	4.02
	1.58
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Figure J.5 - Dependence of the degree of metallization (عМе) 
of copper and iron on the sulfur content in the matte
Table J.3 - Results of the compositions of the sulfide and metal phases of industrial mattes 
	# of sample
	Matte composition, wt.%

	
	[Cu] tot
	Cu2S
	[Cu] met
	[Cu] rest*
	[Pb] tot
	PbS
	[Pb] met
	ZnS
	[Fe] tot
	FeS
	[Fe] met
	[Fe] tot*
	[As]
	[Sb]

	1
	38.66
	39.20
	5.10
	2.24
	26.33
	15.22
	17.58
	6.26
	7.63
	2.28
	2.24
	3.94
	4.38
	1.56

	2
	42.55
	40.48
	6.51
	3.70
	24.57
	12.34
	13.90
	6.32
	8.94
	4.04
	2.86
	3.51
	4.77
	1.57

	3
	44.25
	42.10
	6.68
	3.94
	21.06
	12.52
	10.24
	7.05
	9.49
	5.72
	2.94
	2.92
	4.39
	1.52

	4
	37.19
	38.31
	4.76
	1.82
	30.76
	16.29
	16.68
	6.45
	8.29
	4.71
	2.09
	3.20
	4.19
	1.49

	5
	40.52
	40.07
	6.60
	1.90
	31.53
	15.47
	18.16
	4.83
	5.96
	1.16
	2.90
	2.32
	4.98
	1.6

	6
	42.41
	41.89
	7.42
	1.53
	28.71
	18.28
	12.91
	4.41
	5.62
	1.07
	3.26
	1.68
	5.94
	1.62

	7
	39.92
	40.73
	5.43
	1.96
	27.73
	14.11
	15.53
	6.15
	8.88
	4.81
	2.39
	3.44
	3.91
	1.55

	8
	39.28
	39.88
	5.62
	1.81
	21.97
	13.30
	10.47
	7.09
	12.93
	11.46
	2.47
	3.18
	3.29
	1.44

	9
	37.51
	38.83
	4.61
	1.88
	22.94
	13.73
	11.07
	7.82
	13.17
	12.34
	2.03
	3.30
	2.88
	1.51

	10
	38.76
	40.22
	4.69
	1.94
	21.78
	9.95
	13.18
	9.04
	12.43
	10.95
	2.06
	3.41
	3.06
	1.5

	11
	40.53
	40.23
	6.20
	2.19
	25.25
	16.07
	11.36
	7.37
	9.96
	5.33
	2.72
	3.85
	3.22
	1.45

	12
	35.8
	37.20
	4.51
	1.58
	32.56
	19.09
	16.06
	6.32
	7.87
	4.91
	1.98
	2.77
	4.02
	1.58


*[Cu] rest = [Cu] tot – (Cu Cu2S + [Cu] met);  *[Fe] rest = [Fe] tot – (Fe FeS + [Fe] met).
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Figure J.6 - Dependence of the content of copper in the form of metal 
and metallic iron on the content of arsenic in matte 
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Figure J.7 - Dependence of the degree of metallization of copper 
and iron on the content of arsenic in the matte
[image: image100.emf]
Figure J.8 - Dependence of the Femet content in matte
 from the antimony content in it 
APPENDIX K 

Results of laboratory experiments on joint smelting of oxidized materials with a sulfide intermediate product of lead production

Table K.1 - Average chemical compositions of initial materials 

	Name of the material
	Chemical composition, wt.%

	
	Cu
	Pb
	Zn
	Fe
	S

	Lead cake (LC)
	3.4
	42.5
	11.0
	13.6
	13.0

	Lead dust (LD)
	3.3
	49.8
	6.2
	1.2
	11.4

	Sulfide intermediate product (SIP)
	13.0
	33.0
	5.3
	17.8
	15.0


[image: image101.emf]
1 – oxygen cylinder container; 2 – a cylinder container with natural gas; 3 – rotameters; 

4 – 2-way valve; 5 – alundum tube for melt purging; 

6 – water-cooled plug; 7 – quartz reactor; 

8 – tubular heating furnace; 9 – crucible with the sample; 

10 – Drexel vessel; 11 – control and measuring unit.

Figure K.1 - Scheme of the installation for studying the distribution of copper, lead during co-melting of oxidized materials with a sulfide intermediate products

Experimental technique. The experiments were carried out in two series: in the first series, the ratio LC:SIP was: 0.3; 0.7; 1.0; 1.1. In the second series, similar conditions were for lead dust (LD). The experiment temperature for each series is 1200, 1250 and 1300°C. The initial sample was 300 g. To the initial sample, 2-5% of fluxes (quartz, limestone) of its total weight were added. Quartz composition,%: SiO2 - 94.5; CaO - 1.4; FeO - 0.2; Limestone composition,%: CaO - 56.3; SiO2 - 0.4.

After thorough mixing, the initial charge was loaded into an alundum crucible (9), which was placed in a quartz reactor (7) located in a tubular furnace (8). The reactor was plugged with a plug (6) cooled with water and equipped with two holes for the inlet and outlet of gases. Off-gases from the furnace were fed into the Drexel vessel with water (10). The temperature in the furnace was set and controlled by an automatic control and measuring unit (11). After complete melting of the charge through the tube (5), the melt was purging through, first with oxygen, then with natural gas, which was supplied from cylinders (1), (2), respectively. Sequential gas supply was carried out by a 2-way valve (4). The gas flow rate was regulated by rotameters (3).

In experiments with lead cake, the oxygen consumption varied depending on the specified ratio LC:SIP which was, l/h: 0.327 (at 0.3:1), 0.332 (0.7:1), 0.335 (1:1) and 0.335 (1.1:1). Natural gas consumption varied, l/h: 0.057; 0.101; 0.123 and 0.128, respectively, for each LC:SIP ratio. A similar level of oxygen and natural gas consumption was maintained for experiments with lead dust.

The oxygen consumption for purging the melt was calculated based on the iron content in the original sample. Natural gas consumption - based on the content of sulphide and lead oxide in the initial charge. Purge time for each experiment: with oxygen - 10 min, with natural gas - 15 min.

Once purging was done the melt was settled for 10 min, after which the quartz reactor with the crucible was removed from the furnace. After air quenching, the crucible with its contents was broken, and the resulting smelting products (matte, slag, rough lead) were separated from each other and subjected to elemental analysis. Separate samples of slags and mattes were subjected to mineralogical studies.

The dust yield was calculated from the difference between the amount of the initial sample and the sum of the amount of obtained smelting products.

According to the results of analyzes of the elemental composition of the obtained products and the yields of smelting products, the material balance was calculated for each experiment.
Table K.2 (A) - Material balance of joint processing of lead cake (LC) with sulphide intermediate products (SIP) at LC:SIP = 1:1. The first stage of the redox treatment of the melt

	Name of products
	g
	%
	Cu
	Pb
	Zn

	
	
	
	I
	II
	III
	I
	II
	III
	I
	II
	III

	Loaded:

	Charge
	300
	48.82
	24.60
	8.20
	100
	113.25
	37.75
	100
	24.45
	8.15
	100

	Quartz
	47
	7.65
	
	
	
	
	
	
	
	
	

	Limestone
	50
	8.14
	
	
	
	
	
	
	
	
	

	Blast
	217.45
	35.39
	
	
	
	
	
	
	
	
	

	Total:
	614.45
	100
	24.60
	
	100.00
	113.25
	
	100.00
	24.45
	
	100.00

	Received:

	Rough lead
	110.37
	17.96
	0.89
	0.80
	3.6
	108.61
	98.40
	95.9
	
	
	

	Matte
	50.65
	8.24
	23.37
	46.14
	95
	2.72
	5.37
	2.4
	0.56
	1.11
	2.3

	Slag
	209.68
	34.12
	0.22
	0.11
	0.9
	0.68
	0.32
	0.6
	23.28
	11.10
	95.2

	Dust, gases
	243.76
	39.67
	0.12
	0.05
	0.5
	1.25
	0.51
	1.1
	0.61
	0.25
	2.5

	Total:
	614.45
	100
	24.60
	
	100.00
	113.25
	
	100.00
	24.45
	
	100.00


	Fe
	As
	Sb
	SiO2
	CaO

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III

	

	47.10
	15.70
	99.85
	6.00
	2.00
	100
	3.45
	1.15
	100
	
	
	
	
	
	

	0.07
	0.16
	0.15
	
	
	
	
	
	
	44.415
	94.50
	99.55
	0.658
	1.40
	2.28

	
	
	
	
	
	
	
	
	
	0.2
	0.40
	0.45
	28.15
	56.30
	97.72

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	47.17
	
	100.00
	6.00
	
	100.00
	3.45
	
	100.00
	44.62
	
	100.00
	28.81
	
	100.00

	

	
	
	
	
	
	
	0.13
	0.12
	
	
	
	
	
	
	

	10.36
	20.46
	21.97
	0.33
	0.65
	5.5
	0.02
	0.03
	0.5
	
	
	
	
	
	

	36.34
	17.33
	77.04
	0.03
	0.01
	0.5
	0.02
	0.01
	0.6
	44.17
	21.07
	99
	28.52
	13.60
	99

	0.47
	0.19
	1.00
	5.64
	2.31
	94
	3.28
	1.34
	95
	0.45
	0.18
	1
	0.29
	0.12
	1

	47.17
	
	100.00
	6.00
	
	100.00
	3.45
	
	96.10
	44.62
	
	100.00
	28.81
	
	100.00


Continuation of table K.2 (A)

	О2
	S
	N2
	Oth.
	Total:

 

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	

	

	
	
	
	42.00
	14.00
	100
	
	
	
	39.15
	13.05
	62.51
	300.00

	0.02
	0.04
	0.05
	
	
	
	
	
	
	1.833
	3.90
	2.93
	47.00

	
	
	
	
	
	
	
	
	
	21.65
	43.30
	34.57
	50.00

	45.67
	21
	99.95
	
	
	
	171.79
	79
	100.00
	
	
	
	217.45

	45.69
	
	100.00
	42.00
	
	100.00
	171.79
	
	100.00
	62.63
	
	100.00
	614.45

	

	
	
	
	0.04
	0.04
	0.10
	
	
	
	0.70
	0.64
	1.13
	110.37

	
	
	
	12.51
	24.69
	29.78
	
	
	
	0.78
	1.55
	1.25
	50.65

	16.21
	7.73
	35.49
	
	
	
	
	
	
	60.21
	28.71
	96.12
	209.68

	29.47
	12.09
	64.51
	29.45
	12.08
	70.12
	171.79
	70.48
	100
	0.94
	0.39
	1.50
	243.76

	45.69
	
	100.00
	42.00
	
	100.00
	171.79
	
	100.00
	62.63
	
	100.00
	614.45


I - quantity, t; II - content,%; III - distribution, %

Table K.2 (B) - Material balance of the joint 2-stage processing of lead cake (LC) with a sulfide intermediate products (SIP) at SC:SRP = 1:1. The second stage is the final treatment of the intermediate matte by redox purging

	Name of products
	g
	%
	Cu
	Pb
	Zn

	
	
	
	I
	II
	III
	I
	II
	III
	I
	II
	III

	Loaded:

	Matte
	200.00
	54.32
	92.28
	46.14
	100
	10.73
	5.37
	100
	2.22
	1.11
	100

	Quartz
	33
	8.96
	
	
	
	
	
	
	
	
	

	Limestone
	25
	6.79
	
	
	
	
	
	
	
	
	

	Air
	108.65
	29.51
	
	
	
	
	
	
	
	
	

	Natural gas
	1.52
	0.41
	
	
	
	
	
	
	
	
	


Continuation of table K.2 (B)

	Total:
	368.2
	100
	92.28
	
	100.00
	10.73
	
	100.00
	2.22
	
	100.00

	Received:

	Rough lead
	10.72
	2.91
	0.09
	0.86
	0.10
	10.56
	98.56
	98.40
	
	
	

	Matte
	143.33
	38.93
	91.18
	63.61
	98.80
	0.04
	0.03
	0.40
	0.02
	0.01
	0.90

	Slag
	92.16
	25.03
	0.65
	0.70
	0.70
	0.05
	0.06
	0.50
	2.16
	2.34
	97.10

	Dust, gases
	121.97
	33.13
	0.37
	0.30
	0.40
	0.08
	0.06
	0.70
	0.04
	0.04
	2.00

	Total:
	368.2
	100
	92.28
	
	100.00
	10.73
	
	100.00
	2.22
	
	100.00


	Fe
	As
	Sb
	SiO2
	CaO

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III

	

	40.92
	20.46
	99.87
	1.30
	0.65
	100
	0.07
	0.03
	100
	
	
	
	
	
	

	0.05
	0.16
	0.13
	
	
	
	
	
	
	31.19
	94.50
	99.68
	0.46
	1.40
	3.18

	
	
	
	
	
	
	
	
	
	0.10
	0.40
	0.32
	14.08
	56.30
	96.82

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	40.97
	
	100.00
	1.30
	
	100.00
	0.07
	
	100.00
	31.29
	
	100.00
	14.54
	
	100.00

	

	
	
	
	
	
	
	0.00014
	0.001
	0.20
	
	
	
	
	
	

	18.41
	12.85
	44.94
	0.009
	0.01
	0.70
	0.00014
	0.00
	0.20
	
	
	
	
	
	

	22.15
	24.03
	54.06
	0.014
	0.02
	1.10
	0.0009
	0.00
	1.30
	30.97
	33.61
	99.00
	14.39
	15.62
	99.00

	0.41
	0.34
	1.00
	1.280
	1.05
	98.20
	0.07
	0.05
	98.30
	0.31
	0.26
	1.00
	0.15
	0.12
	1.00

	40.97
	
	100.00
	1.30
	
	100.00
	0.07
	
	100.00
	31.29
	
	100.00
	14.54
	
	100.00



Continuation of table K.2 (B)
	О2
	S
	N2
	CH4
	Oth.
	Total 

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	

	

	
	
	
	49.38
	24.69
	100
	
	
	
	
	
	
	3.09
	1.55
	20.34
	200.00

	0.015
	0.04
	0.03
	
	
	
	
	
	
	
	
	
	1.29
	3.90
	8.46
	33.00

	
	
	
	
	
	
	
	
	
	
	
	
	10.83
	43.30
	71.20
	25.00

	22.82
	21
	49.94
	
	
	
	85.83
	79
	100.00
	
	
	
	
	
	
	108.65

	
	
	
	
	
	
	
	
	
	1.46
	96.00
	100
	0.06
	4.00
	0.40
	1.52

	22.83
	
	49.97
	49.38
	
	100.00
	85.83
	
	100.00
	1.46
	
	100.00
	15.20
	
	100.00
	368.1

	

	
	
	
	
	
	
	
	
	
	
	
	
	0.06
	0.58
	0.41
	10.72

	
	
	
	33.51
	23.38
	67.86
	
	
	
	
	
	
	0.15
	0.11
	1.02
	143.33

	6.94
	7.53
	30.41
	
	
	
	
	
	
	
	
	
	14.84
	16.10
	97.58
	92.16

	15.89
	13.03
	69.59
	15.87
	13.01
	32.14
	85.83
	70.37
	100
	1.46
	1.20
	100
	0.15
	0.12
	1.00
	121.91

	22.83
	
	100.00
	49.38
	
	100.00
	85.83
	
	100.00
	1.46
	
	100.00
	15.20
	
	100.00
	368.1


Table K.3 (A) - Material balance of joint 2-stage processing of lead dust (LD) with a sulphide intermediate products (SIP) at LD:SIP = 1:1. The first stage of the redox treatment of the melt
	Name of the products
	g
	%
	Cu
	Pb
	Zn

	
	
	
	I
	II
	III
	I
	II
	III
	I
	II
	III

	Loaded:

	Charge
	300
	54.16
	24.45
	8.15
	100
	124.20
	41.40
	100
	17.25
	5.75
	100

	Quartz
	30
	5.42
	
	
	
	
	
	
	
	
	

	Limestone
	40
	7.22
	
	
	
	
	
	
	
	
	

	Blast
	183.87
	33.20
	
	
	
	
	
	
	
	
	

	Total:
	553.87
	100
	24.45
	
	100.00
	124.20
	
	100.00
	17.25
	
	100.00


Continuation of table K.3 (А)

	Received:

	Rough lead
	121.16
	21.88
	0.73
	0.61
	3
	119.23
	98.41
	96
	
	
	

	Matte
	46.96
	8.48
	23.35
	49.73
	95.5
	3.11
	6.61
	2.5
	0.40
	0.84
	2.3

	Slag
	166.78
	30.11
	0.22
	0.13
	0.9
	0.62
	0.37
	0.5
	16.42
	9.85
	95.2

	Dust. gases
	218.97
	39.53
	0.15
	0.07
	0.6
	1.24
	0.57
	1
	0.43
	0.20
	2.5

	Total:
	553.87
	100
	24.45
	
	100.00
	124.20
	
	100.00
	17.25
	
	100.00


	Fe
	As
	Sb
	SiO2
	CaO

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III

	

	28.50
	9.50
	99.84
	9.00
	3.00
	100
	4.50
	1.50
	100
	
	
	
	
	
	

	0.05
	0.16
	0.16
	
	
	
	
	
	
	28.35
	94.50
	99.44
	0.42
	1.40
	1.83

	
	
	
	
	
	
	
	
	
	0.16
	0.40
	0.56
	22.52
	56.30
	98.17

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	28.55
	
	100.00
	9.00
	
	100.00
	4.50
	
	100.00
	28.51
	
	100.00
	22.94
	
	100.00

	

	
	
	
	
	
	
	0.21
	0.17
	
	
	
	
	
	
	

	7.70
	16.39
	26.96
	0.39
	0.82
	4.3
	0.02
	0.04
	0.4
	
	
	
	
	
	

	20.57
	12.33
	72.05
	0.06
	0.04
	0.7
	0.02
	0.01
	0.4
	28.22
	16.92
	99
	22.71
	13.62
	99

	0.29
	0.13
	1.00
	8.55
	3.90
	95
	4.25
	1.94
	94.5
	0.29
	0.13
	1
	0.23
	0.10
	1

	28.55
	
	100.00
	9.00
	
	100.00
	4.50
	
	95.30
	28.51
	
	100.00
	22.94
	
	100.00


	О2
	S
	N2
	Oth.
	Total
 

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	

	

	
	
	
	39.60
	13.20
	100
	
	
	
	52.50
	17.50
	73.95
	300.00

	0.01
	0.04
	0.03
	
	
	
	
	
	
	1.17
	3.90
	1.65
	30.00


Continuation of table K.3 (А)

	
	
	
	
	
	
	
	
	
	17.32
	43.30
	24.40
	40.00

	38.61
	21
	99.97
	
	
	
	145.26
	79
	100.00
	
	
	
	183.87

	38.63
	
	100.00
	39.60
	
	100.00
	145.26
	
	100.00
	70.99
	
	100.00
	553.87

	

	
	
	
	0.04
	0.03
	0.10
	
	
	
	0.95
	0.78
	1.33
	121.16

	
	
	
	10.96
	23.33
	27.67
	
	
	
	1.05
	2.24
	1.48
	46.96

	10.01
	6.00
	25.91
	
	
	
	
	
	
	67.93
	40.73
	95.69
	166.78

	28.62
	13.07
	74.09
	28.60
	13.06
	72.23
	145.26
	66.34
	100
	1.06
	0.49
	1.50
	218.97

	38.63
	
	100.00
	39.60
	
	100.00
	145.26
	
	100.00
	70.99
	
	100.00
	553.87


I - quantity, t; II - content,%; III - distribution, %

Table K.3 (B) - Material balance of joint processing of lead dust (LD) with a sulfide intermediate products (SIP) at SP:SIP = 1:1. The second stage is the final treatment of the intermediate matte by redox purging
	Name of products
	g
	%
	Cu
	Pb
	Zn

	
	
	
	I
	II
	III
	I
	II
	III
	I
	II
	III

	Loaded:

	Matte
	200.00
	59.24
	99.45
	49.73
	100
	13.22
	6.61
	100
	1.69
	0.84
	100

	Quartz
	25
	7.41
	
	
	
	
	
	
	
	
	

	Limestone
	20
	5.92
	
	
	
	
	
	
	
	
	

	Air
	90.71
	26.87
	
	
	
	
	
	
	
	
	

	Natural gas
	1.88
	0.56
	
	
	
	
	
	
	
	
	

	Total:
	337.6
	100
	99.45
	
	100.00
	13.22
	
	100.00
	1.69
	
	100.00

	Received:

	Rough lead
	13.22
	3.91
	0.10
	0.75
	0.10
	13.03
	98.57
	98.50
	
	
	

	Matte
	146.39
	43.36
	98.16
	67.05
	98.70
	0.05
	0.04
	0.40
	0.02
	0.01
	0.90

	Slag
	74.33
	22.02
	0.70
	0.94
	0.70
	0.06
	0.08
	0.45
	1.64
	2.21
	97.10


Continuation of table K.3 (B)

	Dust, gases
	103.66
	30.71
	0.50
	0.48
	0.50
	0.09
	0.08
	0.65
	0.03
	0.03
	2.00

	Total:
	337.6
	100
	99.45
	
	100.00
	13.22
	
	100.00
	1.69
	
	100.00


	Fe
	As
	Sb
	SiO2
	CaO

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III

	

	32.77
	16.39
	99.88
	1.65
	0.82
	100
	0.08
	0.04
	100
	
	
	
	
	
	

	0.04
	0.16
	0.12
	
	
	
	
	
	
	23.63
	94.50
	82.87
	0.35
	1.40
	1.53

	
	
	
	
	
	
	
	
	
	0.08
	0.40
	0.28
	11.26
	56.30
	49.08

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	32.81
	
	100.00
	1.65
	
	100.00
	0.08
	
	100.00
	23.71
	
	83.15
	11.61
	
	50.61

	

	
	
	
	
	
	
	0.00015
	0.001
	0.20
	
	
	
	
	
	

	14.75
	10.08
	44.95
	0.010
	0.01
	0.60
	0.00015
	0.00
	0.20
	
	
	
	
	
	

	17.74
	23.86
	54.05
	0.016
	0.02
	1.00
	0.0008
	0.00
	1.10
	23.47
	31.57
	99.00
	11.49
	15.46
	99.00

	0.33
	0.32
	1.00
	1.622
	1.56
	98.40
	0.08
	0.07
	98.50
	0.24
	0.23
	1.00
	0.12
	0.11
	1.00

	32.81
	
	100.00
	1.65
	
	100.00
	0.08
	
	100.00
	23.71
	
	100.00
	11.61
	
	100.00


	О2
	S
	N2
	CH4
	Oth.
	Total: 

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	

	

	
	
	
	46.66
	23.33
	100
	
	
	
	
	
	
	4.47
	2.24
	31.70
	200.00

	0.011
	0.04
	0.03
	
	
	
	
	
	
	
	
	
	0.98
	3.90
	6.91
	25.00

	
	
	
	
	
	
	
	
	
	
	
	
	8.66
	43.30
	61.39
	20.00

	19.05
	21
	49.32
	
	
	
	71.66
	79
	100.00
	
	
	
	
	
	
	90.71

	
	
	
	
	
	
	
	
	
	1.80
	96.00
	100
	0.08
	4.00
	0.53
	1.88


Continuation of table K.3 (B)

	19.06
	
	49.35
	46.66
	
	100.00
	71.66
	
	100.00
	1.80
	
	100.00
	14.11
	
	100.00
	337.5

	

	
	
	
	
	
	
	
	
	
	
	
	
	0.09
	0.68
	0.63
	13.22

	
	
	
	33.18
	22.66
	71.10
	
	
	
	
	
	
	0.22
	0.15
	1.59
	146.39

	5.56
	7.49
	29.19
	
	
	
	
	
	
	
	
	
	13.65
	18.37
	96.78
	74.33

	13.50
	13.02
	70.81
	13.49
	13.01
	28.90
	71.66
	69.13
	100
	1.80
	1.74
	100
	0.14
	0.14
	1.00
	103.58

	19.06
	
	100.00
	46.66
	
	100.00
	71.66
	
	100.00
	1.80
	
	100.00
	14.11
	
	100.00
	337.5


APPENDIX L
Results of technological experiments of joint processing of sulfide intermediate 

products with oxidized materials


The procedure for conducting smelting process. At the beginning oxidized materials and fluxes are charged into the furnace. After their melting, a sulfide polymetallic intermediate product is fed in a predetermined ratio to the oxidized material. After the entire mass of the charge had melted, the melt was subjected to a redox purging: with oxygen for 25 minutes, then with natural gas for 45 minutes. Oxygen consumption - 25 m3/h. Natural gas consumption - 20 m3/h (based on 50% excess of theoretically required for the reduction of non-ferrous metal sulfates contained in oxidized materials to their oxides).

After the required purging time had elapsed, the melt was settled for 30 minutes, after which the slag was released.

The copper-lead matte remaining in the furnace was subjected to redox purging with oxygen and natural gas at the following technological parameters:

· Oxygen and natural gas consumption – 20 m3/h and 15 m3/h, respectively.

· Time of purging the melt with oxygen - 10 min.

· Duration of purging with natural gas - 20 min. 

· The settling time of products after purging - 30 minutes.


During the tests, periodic sampling of smelting products - rough lead, matte and slag was carried out to further determination of their chemical composition.

The rough lead of the first and second stages of melt blowing is discharged through the siphon as it accumulates and is sent for further refining.

Copper matte had commercial quality with a copper content of up to 55%. After release, it is poured into molds and sent to sales or converting to obtain blister copper.

Slag with a zinc content of up to 15% is sent to the extraction of zinc by known methods.

Lead sublimates are circulated for smelting.


Table L.1 - Material balance of joint two-stage processing of lead cake (LC) with sulphide intermediate products (SIP) at SC:SSP = 1:1
	Name of products
	t.
	%
	Cu
	Pb
	Zn

	
	
	
	I
	II
	III
	I
	II
	III
	I
	II
	III

	Loaded:

	Charge
	1292
	49.03
	105.94
	8.2
	100
	487.73
	37.75
	100
	105.298
	8.15
	100

	Quartz
	220
	8.35
	
	
	
	
	
	
	
	
	

	Limestone
	210
	7.97
	
	
	
	
	
	
	
	
	

	Blast
	913.05
	34.65
	
	
	
	
	
	
	
	
	

	Total:
	2635.05
	100
	105.94
	
	100.00
	487.73
	
	100.00
	105.30
	
	100.00

	Received:

	Rough lead
	448.95
	17.04
	0.50
	0.11
	0.47
	445.24
	99.17
	91.29
	
	
	

	Matte
	193.51
	7.34
	98.02
	50.66
	92.52
	5.08
	2.62
	1.04
	0.50
	0.26
	0.47

	Slag
	786.16
	29.83
	1.71
	0.22
	1.61
	6.46
	0.82
	1.32
	97.72
	12.43
	92.81

	Dust
	52.13
	1.98
	0.20
	0.39
	0.19
	4.61
	8.85
	0.95
	1.50
	2.87
	1.42

	Waste gases
	932.17
	35.38
	
	
	
	
	
	
	
	
	

	Discrepancy
	222.13
	8.43
	5.51
	
	5.20
	26.34
	
	5.40
	5.58
	
	5.30

	Total:
	2635.05
	100
	105.94
	
	100.00
	487.73
	
	100.00
	105.30
	
	100.00


	Fe
	As
	Sb
	SiO2
	CaO

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III

	

	202.844
	15.7
	99.83
	25.84
	2
	100
	14.858
	1.15
	100
	
	
	
	
	
	

	0.34
	0.16
	0.17
	
	
	
	
	
	
	207.9
	94.50
	99.60
	3.08
	1.40
	2.54

	
	
	
	
	
	
	
	
	
	0.84
	0.40
	0.40
	118.23
	56.30
	97.46

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	203.19
	
	100.00
	25.84
	
	100.00
	14.86
	
	100.00
	208.74
	
	100.00
	121.31
	
	100.00

	

	
	
	
	
	
	
	0.27
	0.06
	
	
	
	
	
	
	

	38.38
	19.83
	18.89
	0.69
	0.35
	2.66
	0.11
	0.06
	0.76
	
	
	
	
	
	

	151.94
	19.33
	74.78
	0.47
	0.06
	1.80
	0.27
	0.03
	1.80
	196.22
	24.96
	94
	113.91
	14.49
	93.9


Continuation of table L.1
	1.92
	3.68
	0.94
	23.37
	44.83
	90.44
	13.44
	25.78
	90.44
	2.09
	4.00
	1
	1.21
	2.33
	1.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	10.95
	
	5.39
	1.32
	
	5.10
	0.77
	
	5.20
	10.44
	
	5
	6.19
	
	5.1

	203.19
	
	100.00
	25.84
	
	100.00
	14.86
	
	98.20
	208.74
	
	100.00
	121.31
	
	100.00


	О2
	S
	N2
	Oth.
	Total: 

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	

	

	
	
	
	180.88
	14
	100
	
	
	
	168.606
	13.05
	62.89
	1292.00

	0.10
	0.04
	0.05
	
	
	
	
	
	
	8.58
	3.90
	3.20
	220.00

	
	
	
	
	
	
	
	
	
	90.93
	43.30
	33.91
	210.00

	191.74
	21
	99.95
	
	
	
	721.31
	79
	100.00
	
	
	
	913.05

	191.84
	
	100.00
	180.88
	
	100.00
	721.31
	
	100.00
	268.12
	
	100.00
	2635.05

	

	
	
	
	0.17
	0.04
	0.09
	
	
	
	2.76
	0.62
	1.03
	448.95

	
	
	
	47.66
	24.63
	26.35
	
	
	
	3.07
	1.59
	1.15
	193.51

	68.28
	8.68
	35.59
	
	
	
	
	
	
	149.20
	18.98
	55.65
	786.16

	
	
	
	
	
	
	
	
	
	3.80
	7.28
	1.42
	52.13

	123.46
	236.82
	64.36
	123.46
	
	68.26
	685.24
	
	95.00
	
	
	
	932.17

	0.10
	
	0.05
	9.59
	
	5.30
	36.07
	
	5.00
	109.29
	
	40.76
	222.13

	191.84
	
	100.00
	180.88
	
	100.00
	721.31
	
	100.00
	268.12
	
	100.00
	2635.05


I - quantity, t; II - content,%; III - distribution, %


Table L.2 - Material balance of joint two-stage processing of lead dust (LD) with a sulphide intermediate products (SIP) at LD:SIP = 1:1
	Name of products
	t.
	%
	Cu
	Pb
	Zn

	
	
	
	I
	II
	III
	I
	II
	III
	I
	II
	III

	Loaded:

	Charge
	882
	57.76
	71.88
	8.15
	100
	365.148
	41.4
	100
	50.715
	5.75
	100

	Quartz
	70
	4.58
	
	
	
	
	
	
	
	
	

	Limestone
	100
	6.55
	
	
	
	
	
	
	
	
	

	Blast
	474.93
	31.10
	
	
	
	
	
	
	
	
	

	Total:
	1526.93
	100
	71.88
	
	100.00
	365.15
	
	100.00
	50.72
	
	100.00

	Received:

	Rough lead
	337.39
	22.10
	0.41
	0.12
	0.57
	334.03
	99.01
	91.48
	
	
	

	Matte
	143.08
	9.37
	66.44
	46.44
	92.43
	5.18
	3.62
	1.42
	0.24
	0.17
	0.47

	Slag
	377.32
	24.71
	1.16
	0.31
	1.61
	2.76
	0.73
	0.76
	47.07
	12.47
	92.81

	Dust
	45.07
	2.95
	0.14
	0.30
	0.19
	3.45
	7.66
	0.95
	0.72
	1.60
	1.42

	Waste gases
	505.17
	33.08
	
	
	
	
	
	
	
	
	

	Discrepancy
	118.90
	7.79
	3.74
	
	5.20
	19.72
	
	5.40
	2.69
	
	5.30

	Total:
	1526.93
	100
	71.88
	
	100.00
	365.15
	
	100.00
	50.72
	
	100.00



	Fe
	As
	Sb
	SiO2
	CaO

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III

	

	83.79
	9.5
	99.87
	26.46
	3
	100
	13.23
	1.5
	100
	
	
	
	
	
	

	0.11
	0.16
	0.13
	
	
	
	
	
	
	66.15
	94.50
	99.40
	0.98
	1.40
	1.71

	
	
	
	
	
	
	
	
	
	0.4
	0.40
	0.60
	56.3
	56.30
	98.29

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	83.90
	
	100.00
	26.46
	
	100.00
	13.23
	
	100.00
	66.55
	
	100.00
	57.28
	
	100.00

	

	
	
	
	
	
	
	0.26
	0.08
	
	
	
	
	
	
	


Continuation of table L.2
	31.71
	22.16
	37.79
	0.78
	0.54
	2.94
	0.10
	0.07
	0.76
	
	
	
	
	
	

	46.88
	12.42
	55.87
	0.40
	0.11
	1.52
	0.21
	0.06
	1.61
	62.56
	16.58
	94
	53.79
	14.25
	93.9

	0.79
	1.76
	0.94
	23.93
	53.09
	90.44
	11.97
	26.55
	90.44
	0.67
	1.48
	1
	0.57
	1.27
	1.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	4.52
	
	5.39
	1.35
	
	5.10
	0.69
	
	5.20
	3.33
	
	5
	2.92
	
	5.1

	83.90
	
	100.00
	26.46
	
	100.00
	13.23
	
	98.01
	66.55
	
	100.00
	57.28
	
	100.00


	О2
	S
	N2
	Oth.
	Total: 

	I
	II
	III
	I
	II
	III
	I
	II
	III
	I
	II
	III
	

	

	
	
	
	116.424
	13.2
	100
	
	
	
	154.35
	17.5
	77.03
	882.00

	0.03
	0.04
	0.03
	
	
	
	
	
	
	2.73
	3.90
	1.36
	70.00

	
	
	
	
	
	
	
	
	
	43.3
	43.30
	21.61
	100.00

	99.73
	21
	99.97
	
	
	
	375.19
	79
	100.00
	
	
	
	474.93

	99.77
	
	100.00
	116.42
	
	100.00
	375.19
	
	100.00
	200.38
	
	100.00
	1526.93

	

	
	
	
	0.11
	0.03
	0.09
	
	
	
	2.57
	0.76
	1.28
	337.39

	
	
	
	35.78
	25.00
	30.73
	
	
	
	2.86
	2.00
	1.43
	143.08

	25.37
	6.72
	25.43
	
	
	
	
	
	
	137.13
	36.34
	68.44
	377.32

	
	
	
	
	
	
	
	
	
	2.83
	6.29
	1.41
	45.07

	74.37
	164.99
	74.54
	74.37
	
	63.88
	356.43
	
	95.00
	
	
	
	505.17

	0.03
	
	0.03
	6.17
	
	5.30
	18.76
	
	5.00
	54.98
	
	27.44
	118.90

	99.77
	
	100.00
	116.42
	
	100.00
	375.19
	
	100.00
	200.38
	
	100.00
	1526.93


I - quantity, t; II - content,%; III - distribution, %

APPENDIX M
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TEXHOJIOrHYeCKHX ONBITOB M0 NepepadoTKe Melb-, CBHHEL
COlepIKALLMX MOJYNPOIYKTOB H 000POTHBIX MaTepHAJI0B

TexXHOJIOTHYECKHE ONBITHI MPOBOAMIKCH B mepuos ¢ 10 uronHs mo 9 asrycta 2019 roma na
maxTHoM meud miaBmiIbHOTO nexa TOO «IIIpiMkeHT CMENTHHI.

Llens UCIBITAHUM:
- HCCIIEOBAaHHE paclpeleCHUs MeId, CBUHIA U COIYTCTBYIOIIUX OJIEMEHTOB MEXIY

NPOAyKTAMM IUIABKA IIPH COBMECTHOM IITaBKE CBHHIIOBOTO Ke€Ka H IBUIM C CyIb()HIHBIM
TIOJTYTIIPOTYKTOM;

- BBIOOp ¥ 00OCHOBaHME ONTHMAIBHOIO COCTaBa IIIaKa, 00eCIeYnBaIOLIEr0 MUHUMAIbHBIC
IOTEpH IBETHBIX METAUIOB IPH OKHUCIUTEIHHO-BOCCTAHOBUTENBHOH 00paboTKe OKCHIHO-
Cyb(UIHOTO pacIliaBa.

OtrpaboTaHbl TEXHOJOTHYECKHE PEXUMbBI INEPEepadOTKH MeIb-, CBHHEI[ COACPIKAIIHX
IIOJIyIPOLYKTOB M OOOPOTHBIX MAaTEPHAIOB CBHUHIIOBOTO IIPOM3BOJCTBA NpH OTHOIIEHMH 1:1 B
YCIIOBHSIX OKHCIHTEIHHO-BOCCTAHOBHUTENIBHOIO OapboTaka paciiaBa KUCIOPOIOM U IPHPOJHBIM
razoM. B kxauecTBe (PIFOCOB WCIIONB30BAJICs KBapl] U M3BecTHAK. Pacxon ¢umrocoB ~3% or Beca

IIHAXTHI.
HponyBKa paciiaBa TpoOBOANIIACH HOCHCI[OBaTeJ'IBHO — KHCJIOPpOOOM U IPUPOIHBIM I'a30M.

Pacxon mpupoaHoro rasa u kuciaopoga — 25-30 M 3/4. TIpOROKUTETBHOCTE TIPOIYBKU PACILIABA —
kuciopoaom 20 MUHYT, pupoaHbM razoM — 30 muHyT. Temmeparypa B neun moaep)KuBaiach Ha
yposre 1573 K. B mepuon ucneiranuii nepepadorano 2200 tonH muxThl. ITomydgeno ~800 Toxn
yepHOBOTO CBHHIA, ~300 TOHH mTelHa, ~1420 TOHH 1UIaKa.

Pe3ynbTaThl UCHIBITAHUI:
- ONITHUMAJIbHBIN cocTaB nuiaka, % macc: 22-25 Si0O,, Fe0/Si0,=0,9+1.2, 15-18 CaO;

- coZiep)KaHKe MeIu U CBUHIA B rutakax — 10 0,5 u 0,8 %, coOOTBETCTBEHHO;
- pacxo. Kokca cHinkeH 10 3% (15% mo cymiecTByIomel TEXHOIOTHH).
V3BlIeueHNEe METAIIIOB B IIEJIEBBIE MPOIYKTHI: CBUHIIA B UepHOBOH cBUHEN ~ 96,7 %; Menu B

mreid — 97,8 %; MBIIIbsIKA U CYPbMBI B ITBLTH — 10 95 %.

O1r TOO «llIbiMkedT CMEJITHHI»: Ot KasHUTY um.K.H. CaTtnaeBa:
Hayu4HBIH PYKOBOIMTEND TEMEH,
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AxartaeB H.C. I[ocmyxaMenOB HK

MaCT o JBHOTO y4yacTKa Crapumii aquLm COTPYIHHUK
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ACT

of technological experiments for the processing of copper-, lead-containing 
intermediate products and recycled materials

Technological experiments were carried out during the period from June 10 to August 9, 2019 at the shaft furnace of the smelting department of LLP “Shymkent Smelting”.

Test purpose:

- study of the distribution of copper, lead and related elements between the products of smelting during the co-smelting of lead cake and dust with a sulphide intermediate products;

- selection and substantiation of the optimal composition of the slag, which ensures the minimum loss of non-ferrous metals during the redox treatment of the oxide-sulfide melt.

Technological regimes for processing copper- and lead-containing intermediate products and recycled materials of lead production at a ratio of 1:1 under conditions of redox purging of the melt with oxygen and natural gas have been worked out. Quartz and limestone were used as fluxes. Consumption of fluxes - 3% by weight of the charge.

The melt was blown sequentially with oxygen and natural gas. Natural gas and oxygen consumption 25-30 m3/h. Duration of purging the melt – by oxygen 20 minutes, by natural gas - 30 minutes. The temperature in the furnace was maintained at 1573 K. During the testing period, 2200 tons of charge were processed. Received around - 800 tons of rough lead, - 300 tons of matte, - 1420 tons of slag.

Test results:

- optimal slag composition,wt.%: 22-25 SiO2, FeO/SiO2 = 0.9-1.2, 15-18 CaO;

- the content of copper and lead in slags - up to 0.5 and 0.8%, respectively;

- coke consumption is reduced to 3% (15% according to the existing technology).

Extraction of metals into targeted products: lead to rough lead - 96.7%; copper to matte - 97.8%, arsenic and antimony into dust - up to 95%.
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APPENDIX N
Research methodology for the processing of copper, lead-containing semi-finished products and recycled materials of lead production

The results of industrial experiments of the processing of copper, lead-containing intermediate products and recycled materials of lead production in the conditions of KazZinc Ltd. were used. The practice of long-term operation of the technology of blast concentrating smelting of intermediate products and recycled materials of lead production shows that the content of the main components of the slag varies in the following range,%: 18 - 26 SiO2; 25-30 FeO; 5-12 ZnO; 15-21 CaO and 4-6 Al2O3. Copper content in mattes varies from 23 to 45 %.

For statistical analysis, the results of industrial plant analyzes of shift samples of matte and slag compositions were taken, obtained at the following daily performance of the shaft furnace:

1) 110 tons of copper-lead matte with a copper content of 36.21%. was sent for further processing by converting.

2) 125.5 tons of slag with a copper content of 0.5 %, lead - 1.02 % and zinc ~ 12.23 %.

3) The temperature in the furnace above the slag melt is 1573 K.

The selected parameters ensured stable operation of the furnace.

The analyzed statistical set of processed paired samples of mattes and slags contained 125 values ​​per component, which made it possible to carry out a reliable assessment of the distribution of elements between matte and slag and to reveal significant dependences of their distribution coefficients on the composition and basicity of the slag.


The quantitative determination of metals and minor elements with a content of less than 0.1% in smelting products was carried out using an Optima 2000 DV spectrometer (Perkin Elmer Inc., USA); X-ray diffractometer D8 ADVANCE and X-ray fluorescence spectrometer with wave dispersion Venus 200 (PANalytycal B.V., Holland). Such an integrated approach to the determination of the elemental composition of the studied samples provided high accuracy and reliability of the obtained results.

A sample of the compositions of industrial mattes and slags from the total aggregate of the massif accepted for statistical processing is shown in Table 20.

The distribution of non-ferrous and accompanying metals is influenced by a number of other factors: viscosity, solubility of metals in the slag, the melting point of the slag, and the partial pressure of oxygen. The greatest effect on the distribution of metals between slag and matte is exerted by the composition of the slag and its basicity [7, 8]. 

Table N.1 - Chemical composition of mattes and slags obtained during the processing of intermediate products and recycled materials of lead production in a shaft furnace 
	##
	Composition of matte, wt.%

	Composition of slag, wt.%


	
	Cu
	Pb
	Zn
	Fe
	As
	[Au]٭
	[Ag]٭
	Cu
	Pb
	As
	(Au)٭
	(Ag)٭
	ZnO
	SiO2
	FeО
	CaO
	Al2O3
	MgO

	1
	38.6
	26.33
	4.2
	7.63
	4.38
	16.3
	1375
	0.5
	1.08
	0.19
	0.073
	4.2
	11.54
	24.2
	26.9
	20.7
	5.0
	2.55

	2
	32.55
	29.34
	4.24
	8.94
	4.77
	14.47
	1530
	0.47
	1.24
	0.17
	0.068
	4.9
	11.72
	26.49
	27.53
	19.7
	4.84
	2.07

	3
	40.25
	24.36
	4.73
	9.49
	4.39
	16.9
	1203
	0.52
	0.89
	0.16
	0.075
	3.6
	10.7
	25.67
	25.64
	21.47
	5.48
	2.49

	4
	36.19
	26.16
	4.33
	8.29
	4.19
	15.3
	1463
	0.49
	1.18
	0.23
	0.053
	6.0
	11.64
	25.31
	26.65
	18.69
	5.86
	2.18

	5
	38.54
	28.74
	3.24
	5.96
	4.98
	16.37
	1548
	0.52
	1.45
	0.21
	0.05
	4.6
	10.42
	24.69
	27.95
	19.85
	6.2
	2.3

	6
	40.41
	29.66
	2.96
	5.62
	5.94
	16.8
	1570
	0.53
	1.38
	0.23
	0.074
	5.2
	11.52
	25.78
	27.2
	18.08
	5.83
	2.27

	7
	42.97
	26.42
	4.13
	8.88
	3.91
	17.07
	1430
	0.54
	1.26
	0.1
	0.076
	4.4
	17.3
	21.83
	28.86
	18.91
	4.24
	2.0

	8
	29.95
	25.11
	4.76
	12.93
	3.29
	13.43
	1330
	0.44
	1.3
	0.14
	0.053
	4.8
	9.94
	25.15
	31.53
	15.0
	4.87
	2.37

	9
	39.51
	25.47
	5.25
	13.17
	2.88
	15.6
	1373
	0.53
	1.23
	0.12
	0.07
	4.3
	8.54
	25.51
	28.9
	21.02
	5.73
	1.98

	10
	34.3
	23.29
	6.07
	12.43
	3.06
	14.7
	1200
	0.45
	0.84
	0.13
	0.067
	4.1
	7.08
	26.74
	27.56
	19.92
	6.02
	2.34

	11
	36.93
	24.09
	4.95
	9.96
	3.22
	15.8
	1245
	0.51
	0.98
	0.11
	0.073
	4.1
	5.73
	23.85
	29.55
	16.87
	3.97
	1.65

	12
	35.8
	28.76
	4.24
	7.87
	4.02
	18.0
	1513
	0.52
	1.35
	0.16
	0.072
	5.9
	6.41
	25.6
	29.2
	16.61
	4.13
	2.03

	13
	33.55
	25.9
	4.12
	9.05
	3.94
	16.1
	1287
	0.46
	1.12
	0.15
	0.068
	3.7
	8.32
	27.08
	27.8
	18.54
	4.92
	2.4

	14
	23.8
	19.42
	6.75
	13.71
	3.02
	12.2
	997
	0.34
	0.7
	0.15
	0.053
	3.2
	9.1
	27.77
	26.91
	17.48
	5.13
	2.6

	15
	24.19
	19.76
	6.84
	12.8
	2.8
	12.7
	1037
	0.35
	0.67
	0.12
	0.054
	3.7
	10.61
	26.19
	27.21
	19.17
	4.62
	1.97

	16
	32.59
	26.36
	5.07
	10.78
	3.35
	14.7
	1330
	0.45
	0.99
	0.12
	0.06
	3.7
	10.44
	24.57
	30.0
	17.83
	3.87
	2.01

	17
	36.3
	23.18
	5.13
	11.58
	2.8
	15.3
	1123
	0.48
	0.84
	0.11
	0.055
	3.2
	9.97
	26.53
	29.1
	18.22
	4.02
	2.35

	18
	34.55
	22.74
	5.23
	12.24
	2.83
	13.6
	1163
	0.47
	0.81
	0.13
	0.07
	3.6
	10.76
	26.0
	29.9
	17.51
	4.35
	2.5



٭ content, g/t.
In this case, the equilibrium distribution of metals between matte and slag and their final solubility in the slag is determined by the oxidizing capacity of the slag.

To determine the oxidizing ability of the slag, the basicity coefficient (Jbase) is often used, which is calculated as the ratio of the sum of the content of basic oxides to the sum of acid oxides [8]:

Jbase  = (%FeO + %CaO + %MgO) / (%SiO2 + %Al2O3)     
        (N.1)


The slag basicity factor includes all the main components of the slag phase. This makes it possible to assess its effect on the distribution of metals between matte and slag. The distribution coefficient of copper, lead and other elements between matte and slag was determined based on the expression:

              L Me = [Me] / (Me),                                                         (N.2)

where: [Me] - metal content in matte, wt.%;

        
            (Ме) - metal content in the slag, wt.%.
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Figure N.1 - Dependence of the distribution coefficient of copper (A) and lead (B) 
between matte and slag on the content of SiO2 and CaO in the slag 
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Figure N.2 - Dependence of the arsenic distribution coefficient (LAs) between 
matte and slag on the SiO2 content in the slag 
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Figure N.3 - Dependence of the gold distribution coefficient (LAu) between 
matte and slag on the content of SiO2 and CaO in the slag 
[image: image107.png]g

=

o





Figure N.4 - Dependence of the distribution coefficient of silver (LAg) between 
matte and slag on the CaO content in the slag 
APPENDIX P
Laboratory experiment technique on a specially designed installation
The experiments were carried out on a specially designed installation using a continuous supply of a CO – CO2 gas mixture of constant composition to the reaction zone, with a CO2:CO = 0.4 ratio, which provided the required oxygen partial pressure at the level of PO2 = 2.74 ∙ 10-4 Pa corresponding to the value in a real blast concentrating smelting furnace. The composition of the exhaust gases was periodically monitored using an LHM chromatograph.

The temperature in all experiments was constant and amounted to 1250ºС.

A schematic look of the laboratory setup is shown in Fig. P.1.
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1 –СО2 cylinder container; 2 – reducer; 3 – rotameters; 4 – tubular furnace; 5 – reactor with coal; 6 – container for the collection of the СО/СО2 gas mixture; 7 – oil layer; 8 – heating furnace; 9 – crucible with the initial charge; 10 – alundum tube for supplying the СО/СО2 gas mixture; 11 – a tube for exhaust gases; 12 – vessels with water; 13 – thermocouple PP-1;  

14 – potentiometer KSP-4.

Figure P.1 - Schematic look of a laboratory setup:

The experimental technique was as follows. To the initial sample in the amount of 100 g, prepared from a mixture of products (Table 8), copper-zinc concentrate was added in the amount of 10, 20, 30% of its weight. The initial charge was poured into a beryllium crucible (9) and plugged with a stopper made of foam chamotte material equipped with two holes. An alundum tube (10) is passed through one hole to supply the CO – CO2 gas mixture to the reactor, which easily moves vertically. An alundum tube (11) is also installed in the other hole, which serves to remove the off-gases from the reaction zone.

Next, the crucible is placed in a silicite heating furnace (8). After complete setting up of the installation, the furnace was heated to a predetermined temperature of 1250°C. The temperature variation over the entire height of the working zone was minimal and amounted to no more than ± 3°С from the set temperature. The temperature is measured by a PP-1 thermocouple (13) and controlled by a KSP-4 potentiometer (14).

From the moment the furnace was heated, continuous washing of the crucible free zone was started by feeding from the container (6) a pre-prepared CO – CO2 gas mixture. The flow rate of the gas mixture in all experiments was constant, 1 l/h, and was controlled using a rotameter (3). In this case, the position of the blowing tube (10) is above the melt.

After the charge was melted and the preset temperature was reached, the blow tube (9) was immersed in the melt and the gas mixture was blown through it. Waste gases were absorbed in vessels with water (12). During the experiments, the gas composition was periodically monitored using an LHM chromatograph. The achievement of equilibrium in the system was determined by the constancy of the composition of the gas phase at the outlet from the reactor.

Preliminary experiments have shown that the composition of the exhaust gases, regardless of changes in the structure and composition of the initial charge, reaches constancy when blowing the melt for 10-15 minutes. According to the results of preliminary experiments, the optimal time for blowing the melt with a gas mixture in all experiments was taken to be 15 min.

After a predetermined purge time, the tube was removed from the melt. The crucible with the melt was settled for 20 minutes to separate the products of the melt, after which the crucible was removed from the furnace and subjected to air quenching. The obtained products were separated from each other, weighed and subjected to elemental analysis and mineralogical studies. Each experiment was repeated three times in order to achieve the reliability of the results.

Elemental analysis of samples of slags and mattes obtained after the experiment was determined using an Agilent 7700 Series ICP-MS inductively coupled plasma mass spectrometer (USA). A Neofot microscope (Carl Zeiss AG, Germany) was used for mineralogical studies of the polished surfaces of thin sections of solid samples of slags and mattes.

Based on the results of the yield of products and elemental analysis of the compositions of smelting products for each experiment with different consumption of concentrate in the charge, a material balance was compiled for the main components (Table).

Material balance of laboratory smelting of the initial charge 
with the consumption of copper-zinc concentrate 10%

[image: image109.png]Materials Total: Cu Pb Zn Fe As
Uploaded: r % 1 11 jits 1 11 111 I 11 111 1 11 111 1 11 111
Charge 110,0 | 97.1 | 17.9 | 162 | 1000 | 31,1 | 282 | 1000 | 7.6 | 6.9 | 100,0 | 105 | 9.6 | 100,0 | 2.4 | 2.4 | 100,0
Coke 32 2,9
Total: 1132 | 1000 17,9 1000 | 31,1 1000 | 7.6 100,0 | 105 1000 | 24 100,0
Received:
Rough Iead 272 | 240 | 1.2 | 45 | 68 | 257 | 943 | 826
Matte 354 | 31,2 | 163 | 462 | 915 | 47 | 134 ] 152 | 0.8 | 22 | 102 | 46 | 129 | 834 | 05 | 14 | 202
Slag 04 | 374 ] 02 | 04 | 10 | 04 | 1.0 | 1.4 | 67 | 158 | 880 | 59 | 139 | 56,0 |0,05] 0,1 | 19
Dust, gases 83 | 73 | 01 | 15 | 07 | 02 | 30 | 08 | 01 ] 16 | 18 | 0.1 | 08 | 06 | 10| 230 | 77.0
Total: 1132 | 100,0 | 17,9 100,0 31,1 100,0 7,6 89,8 10,5 56,6 2.4 100,0
Sb S O, Si0, CaO C Other -
1 11 11T 1 11 11T 1 11 11T 1 11 1T 1 11 11T 1 11 11T 1 11 11T
10 | 1,0 | 1000 | 8,7 | 87 | 100,0 | 46 | 46 | 1000 | 12,0 | 12,0 | 1000 | 43 | 43 | 1000 09 | 90 | %2
2.0 ] 880 | 1000 | 0.4 | 120 | 3.8
1,0 100,0 | 8,7 100,0 | 46 100,0 | 12,0 100,0 | 4,3 100,0 | 2,9 100,0 | 10,3 100,0
02 | 06 | 163 02 | 06 | 16
01 ] 02| 7.1 |70 ] 198 | 80.0 14 ] 39 | 135
0,01 | 0,03 1,1 4,5 | 10,7 | 99,0 11,9 | 28,0 | 994 | 43 [ 10,0 | 99,4 8,5 20,0 82,0
08 | 93 | 755 | 1.7 | 2L.1 | 200 ] 0.05] 0.6 | 1.0 | 0. | 0.9 | 06 |0.03] 03 | 06 | 2.0 344 | 1000 | 03 | 3.6 | 2.9
1,0 100,0 | 8,7 100,0 | 4,6 100,0 | 12,0 100,0 | 43 100,0 | 2,9 100,0 | 10,3 100,0





I - quantity, g; II - content,%; III - distribution,%.
Material balance of laboratory smelting of the initial charge
with the consumption of copper-zinc concentrate 20%
[image: image110.png]Materials Total: Cu Pb Zn Fe As
Uploaded: r % I il iy I il 11 I il il I il i I il il
Charge 1200 | 97.4 | 192 | 16,0 | 1000 | 304 | 253 | 100,0 | 87 | 72 | 100,0 | 12,7 | 10,6 | 1000 | 2.4 | 2.4 | 100,0
Coke 32 2.6
Total: 1232 [ 1000 | 192 100,0 | 304 100,0 | 87 1000 | 12,7 100,0 | 2.4 100,0
Received:
Roughlead | 5o | 957 | 10 | 35 5,1 26,7 | 95,6 | 880
Matte 383 | 3L1 | 180 | 47.0 | 93.7 3.1 82 | 103 | 0,7 | 19 3.6 53 | 13,8 | 415 | 02 | 0.6 | 10.1
Slag - 479 | 389 | 02 | 04 0,9 0.4 0.8 12 78 | 163 | 903 | 7.4 | 154 | 580 | 0,02 0,04 | 07
Dust, gases | 9.0 73 | 0,1 | 06 0,3 0.2 17 0.5 01 | LI L1 0,1 | 07 0,5 | 2.1 | 236 | 892
Total: 1232 | 1000 | 19,2 100,0 | 304 100,0 | 87 94 | 127 585 | 24 100,0
Sb S 0, Si0, Ca0O C Other
i il Jiii i il I I [0 | 1 i il Jiii i il I i il Jiii i il I
1,0 | 1,0 | 100,0 | 11,9 | 11,9 | 100,0 | 4.4 | 44 | 100,0 | 13.8 | 13,8 | 1000 [ 5,2 | 5.2 | 100,0 102 | 85 | 964
28 880 [ 1000 | 04 [ 120] 36
1,0 100,0 | 11,9 100,0 | 4.4 100,0 | 13,8 100,0 | 52 100,0 | 2.8 100,0 | 10,6 100,0
0.1 | 03 | 72 02 | 06 | L5
0,013 ] 0,03 | 13 | 95 | 249 | 80,0 13 | 35 | 125
0,004 | 0,01 | 04 44 [ 92 990 [ 13,7 [ 287 | 994 [ 5.1 | 10,7 | 994 3.8 | 18.4 | 83.3
09 | 102 | 91,1 | 24 | 264 | 20,0 |004] 05| 10 | 01 | 09 | 06 |003] 03 | 0.6 | 28| 30,9 ] 100,0 | 0.3 | 3.0 | 2.6
1,0 100,0 | 11,9 100,0 | 4.4 100,0 | 13.8 100,0 | 5.2 100,0 | 2.8 100,0 | 10,6 100,0





I - quantity, g; II - content,%; III - distribution,%.

Material balance of laboratory smelting of the initial charge
with the consumption of copper-zinc concentrate 30%

[image: image111.png]Materials Total: Cu Pb Zn Fe As
Uploaded: T % I il ini I il it} I il it} I il I I I il
Charge 1300 | 97.6 | 20,8 | 16,0 | 100,0 | 30,1 | 232 | 1000 | 98 | 75 | 100,0 | 151 | 116 | 1000 | 24 | 2.4 | 1000
Coke 3,1 2,4
Total: 133,1 | 100,0 | 20,8 100,0 | 30,1 100,0 | 98 100,0 | 151 100,0 | 24 100,0
Received:
Roughlead | 93 | 25 | g9 | 31 43 282 | 962 | 936
Matte 40,9 | 30,7 | 19,7 | 483 | 948 1.6 38 52 0.6 | L5 64 | 68 | 166 | 450 | 02 | 05 8.5
Slag - 518 | 389 | 01 | 03 0,7 03 0,5 0.9 o1 | 175 | 927 | 8.2 | 158 | 545 |001] 002 | 05
Dust, gases | 112 | 84 | 00 | 04 | 02 0.1 0.8 03 0.l | 08 0,9 | 01 | 07 | 05 |22 194 910
Total: 133,1 | 100,0 | 208 100,0 | 30,1 100,0 | 9,8 936 | 151 550 | 24 100,0
Sb S O, Si02 CaO (6] Other
I il T I | 0 | 1 I |1 i} I | 0 | I I il il I ] 0 i I [ 1 | 1T
10 | 1.0 | 1000 [152]152] 1000 | 44 | 44 | 1000 |149|14.5] 1000 | 54 | 54 | 1000 110 | 85 | 96.7
28880 1000 | 04 | 120]| 33
1,0 100,0 | 152 100,0 | 44 100,0 | 149 100,0 | 54 100,0 |28 100,0 | 114 100,0
0.1 | 02 6.6 02| 06| L5
0,01 | 0,02 | 09 |10,6]260] 70,0 13 | 32 | 116
0,002 [ 0,004 0.2 43 | 83| 990 |148[286] 994 | 54 | 103 | 994 96 | 18,6 84,5
09 | 85 | 923 | 46 |40.8] 30,0 |004| 04| 10 0,1 | 0.8 | 06 |003] 03 | 06 |28]|248] 1000 | 03 | 25 | 24
1,0 100,0 | 152 100,0 | 44 100,0 | 149 100,0 | 54 100,0 |28 100,0 | 114 100,0





I - quantity, g; II - content,%; III - distribution,%.

APPENDIX Q
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C BBICOKOCEPHHCTBIM MEIHO-ITHHKOBBIM KOHIIGHTpaTOM

B nepuon ¢ 8 mions mo 19 wmionst 2020 roma Ha amexrpomeun PAODII [IPOBEJICHBI
YKPYITHCHHO-1a00paTOpHblE MCIBITAHUS O MEPEepabOTKe MCXOIHOM INMXTHI COCTABA: MEIHbIE
nutkepbl — 27,8%; cMech GeTHOr0 MeIHO-CBMHIIOBOTO INTEHHA ¥ OKHUCIEHHBIX MaTepuasoB —
18,5%; xonBeprepHsIii nTaK — 24,0%; kBapuesas pyna — 4,7%; MeIHO-IIMHKOBBIH KOHIIEHTpaT —
22,5%; xokc — 2,5% ¢ mojly4eHHeM MEJHOTO IITeHHA U YEPHOBOTO CBHHIIA.

YepenHeHHbIH COCTaB MIMXThI YKPYIHEHHO-TaGopaTOpHEIX ITaBOK, % Mmacc: 13,2 Cu,
25,3 Pb, 5,4 Zn, 8,5 Fe, 1,9 As, 0,8 Sb, npoune.

OmbITEl NIpOBOAMIM B 3T€KTponedr MowmHocTeio 100 kBT, Jlnamerp 3JeKTpona —
100 mm. Pasmepsl neun: mupuna - 250 MM, aauHa - 410 MM, BeicoTa - 440 MM.

HaBecka wucxommoit mmxtel — 5,0 kr. Temmeparypa OmBITHBIX mnaBok — 1250°C.
Iponomxurensnocts mnaskn — 40 MuHYT. Kakaslli OHBIT HOBTOpSIICS TPUXIABl Ha
BOCIIPOU3BOIUMOCTS. [Tomydena xopormas CXOMuMOCTh Pe3yJIbTaToB.

[lo pesynbraraM HCIBITAaHHE YCTAHOBJIEHBI HPENOYTUTENIBHBIE TEXHOIOTHIECKUE
IapaMeTpbl COBMECTHOH IIABKHU IOJyIPOLYKTOB, 0GOPOTHBIX MAaT€PHAIOB U MEIHO-IIMHKOBOTO
KOHIEHTpaTa npu Temreparype 1250°C B BOCCTaHOBHTENBHBIX YCIOBHSAX:

— Pacxoi BBICOKOCEPHHUCTOrO MEIHO-IIHHKOBOrO KoHIeHTpara — 30% oT Beca
IIAXTEL, BKIIOYAIOIICH CyIb(HUIHBIE MONYNPOTYKTHI, OKUCIECHHblE OOOPOTHBIE MAaTepHAIbI
CBHHI[OBOI'O IIPOM3BOACTBA U KBapIIEBbIH (iIroc;

— pacxon Kokca — 2,5% oT Beca IITHXTEI.
3a BeCh EPUOJ UCIIBITAHUH MepepaboTaHo — 60 KT HCXOTHOM IIHXTHL
ITomyueno 13,5 xr weproBoro ceunna u 20,5 Kr mreiiHa.

HM3Bnedenne cBuHNA B 4epHOBO# cBUHEL — 92,0%.
M3pneyenne Meau B TOBApHBIN MeIHBIN IITEHH — 96,0%.
W3Brieyenne MbpIIIbsIKa U CypBMBI B ITBLIL — 91% 1 89%, COOTBETCTBEHHO.

Ot Pyano-Aaraiickoe OnbITHO- Ot Satbayev University:
JxcnepumenTaiabHoe [lpexnpusrue:

['maBHBIH HHXXEHED POEKTOB Hayunblii pykoBOTUTENH TEMEL,
/ o
K.T.H., aCCOUMHPOBAaHHBIN npodeccop

/) e=*~")  Tapnamamu H.I.
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OD . 46 /~  Jocmyxamenos H.K
[ maBHBINA Hay4HBIH COTPYIHUK, v
K.T.H,gakanemuk MAVH Crapmiuii HayYHBIH COTPYIHHK,
sl PhD noxropant

Erusexos M.T.
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 “I AFFIRM”:

Director of LLP “Rudno-Altai 

experimental enterprise”

__________Leshenko I.V.

“____”___________2020 

  

   

ACT

of the test report on the processing of copper-, lead containing sulfide intermediate products and oxidized recycled materials of lead production with addition of high-sulfur copper-zinc concentrate
In the period from June 8 to June 19, 2020, the enlarged laboratory tests for the processing of the initial charge at LLP RAEE electric furnace with production of matte and rough lead were conducted. Initial charge composition: copper slips - 27.8%; a mixture of poor copper-lead matte and oxidized materials - 18.5%; converter slag - 24.0%; quartz ore - 4.7%; copper-zinc concentrate - 22.5%; coke - 2.5%.
The average composition of the charge of the enlarged laboratory melts, wt.%: 13.2 Cu, 25.3 Pb, 5.4 Zn, 8.5 Fe, 1.9 As, 0.8 Sb, others.

The experiments were carried out in a single-electrode electric furnace with a capacity of 100 kW. The diameter of the electrode is 100 mm. The size of the furnace: width - 250 mm, length - 410 mm, height - 440 mm. The weight of the initial charge was 5.0 kg. The temperature of the smelting process is 1250 °C. The duration of the smelting is 40 minutes. Each experiment was repeated three times on reproducibility. Good convergence of the results is obtained.

Based on test results, preferred technological parameters were established for integrated smelting of intermediate products, recycled materials and copper-zinc concentrate at a temperature of 1250 °C in reducing conditions:

- consumption of high-sulfur copper-zinc concentrate - 30% by weight of the charge, including sulfide intermediate products, oxidized recycled materials of lead production and quartz flux;

- coke consumption - 2.5% of the weight of the charge.

60 kg of the initial charge were processed over the entire test period.

13.5 kg of rough lead and 20.5 kg of matte were produced.

Lead extraction to rough lead - 92.0%.

Copper extraction to marketable copper matte - 96.0%.

Arsenic and antimony extraction to dust - 91% and 89%, respectively.

From LLP “Rudno-Altai 




From Satbayev University

experimental enterprise”

Chief Project Engineer




Supervisor of the research,








Dr.Ph, Assoc.prof.

______________Parcalidi N.G.



___________ Dosmukhamedov N.K.
Chief researcher,





Senior researcher,

Dr.Ph, MAIN Academic




PhD student

________________Egizekov M.G.



___________Zholdasbay E.E.
Material balance of enlarged laboratory smelting of the initial charge of a new composition 

in an electric furnace with a copper-zinc concentrate consumption of 30%

[image: image113.png]Materials Total: Cu Pb n Fe As
Uploaded: KT % I i i} I il I I il il I i i} I I il
Charge 60,0 | 97.8| 9.7 162 | 1000 | 127 212 1000 | 48 3,0 1000 | 7.6 12,7 1000 | 1,0 1,0 [ 100,0
Coke 1.3 2.2
Total: 61,3 | 1000 [ 97 1000 | 127 100,0 | 438 100,0 | 7.6 100,0 | 1,0 100,0
Received:
121] 197] 05 39| 49 11,5 954 931
Rough lead 202 329 83 37| 937 0.6 28| 46 0.3 15| 66 3.4 170 461 | 01 05 92
Matte 230 | 376 0.1 04| 09 0,1 06| L1 43 18,7 923 | 40 172 533 |001] 003] 07
Slag . 45 741 00 09| 04 0,1 3.1 11 0,1 12| 1.1 0,0 0] 06 09 | 196 90,0
Dust, gases 1.5 24] 03 0.3 0,1 0.2 0,02
Total: 61,3 | 100,0 | 9,7 100,0 | 127 100,0 | 4.8 100,0 | 7.6 100,0 | 1,0 100,0
Sh S O, Si0, CaO C Other
I i i} I il il I il il I ii i} I i il I i il I ii il
04| 04] 1000 | 82| 82| 1000 | 18| 18] 1000 | 64| 64| 1000 | 23| 23] 1000 5.1 35| 97.0
12| 880 1000 | 02| 120] 30
0,4 100,0 | 82 100,0 | 1.8 100,0 | 6,4 100,0 | 23 100,0 | 12 100,0 | 53 100,0
003 | 03] 7.1 0.1 05| 13
0,005 | 0,02 1.1 55| 32.3] 800 0,4 21| 89
0,001 [ 001 03 18 | 78] 990 | 63 | 272| 992 [ 22 | 96] 992 43 | 18,6 882
04 | 89| 915 | 1.6 | 360 200 |002] 04] 10 [ 01 L1 08 [00 | 04 08 | 12 [ 257] 1000 | 01 17| 16
0,1 0,03 0,4
0,4 100,0 | 82 100,0 | 1.8 100,0 | 6,4 100,0 | 23 100,0 | 12 100,0 | 53 100,0





I - quantity, kg; II - content,%; III - distribution,%.
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Ha IPOMEXYTOUHBIN oT4eT 3a 2019 ro, BEIOTHEHHBIH B paMKaxX I'PaHTOBOTO (PMHAHCHPOBAHHS
MOH PK na 2018-2020 rr. Ha Temy: «Pa3paboTka HOBOH BbICOKOTEXHOJIOTHYHOM
6ap6oTaXKHO# TEXHOJIOTHH NPSIMOT0 H3BJICYeHHsS CBHHIIA, MeIH U IIHHKA B TOBaApHbIE
NPOIYKTHI H3 HEKOHIUIHOHHBIX MOJIYNPOAYKTOB H 000POTHBIX MaTePHAJIOB CBHHLIOBOI'O
NPOU3BOACTBA»

B paGore mosyueHBl HOBbIE CBEIEHHS U Ppe3yJbTaThl KOMIUIEKCHBIX J1a0OPaTOPHBIX
HCCIIEOBAaHUN 10 TepepaboTKe CIOXHBIX II0 COCTaBy IOMYHNPONYKTOB H OOOPOTHBIX
MaTepuaioB CBHHIIOBOTO IIPOU3BOJICTBA.

Pa3pabGorana naGopaTopHas YCTaHOBKA M METOIUKA ONPENEICHHS PacTBOPUMOCTH
CBUHII2 B JBOWHBIX W TPOWHBIX CyJIb(GUIHBIX CHCTEMax MeIH, Keile3a W CBUHNA. Ha
OCHOBaHHMH JAHHBIX II0 PAacCTBOPUMOCTH CBHMHI@ B JABOWHBIX M TPOMHBIX CYJIb(UIHBIX
CHCTEMAax pacCcYMTaHbl KOAQQUIUEHTHl aKTUBHOCTH CBHUHIA U YCTAHOBJIEHBI MX 3aBHCHMOCTH
OT cocTaBa W Temrmeparypsl. [lokazano, uro B cmiaBax CuxS—-MeS (Me-Fe, Pb) ¢ Bbicokum
coepxaHueM Cynb(umaa MeIU pacCTBOPUMOCTh CBHHIIA MUHUMAaJbHA (~6% B yncToM CuigsS)
U ompenensercs (U3UYECKUMH NOTepsMH. HoOBble HaHHBIE 10 pPacTBOPUMOCTH CBHHIA B
CIIOXHBIX MO COCTaBy INTEHHAX 3HAYUTENFHO MJOIONHSIIOT IPEACTaBICHUS O (HU3UKO-
XMMHUYECKHUX CBOMCTBAX IITECHHOBBIX CUCTEM U UX CTPOCHUH. Pe3ynbTaThl HCCIeIOBaHUM MOTYT
OBITh HCIIOJNIB30BaHbBl B TEOPETUYECKUX M TPAKTUYECKUX pacyeTrax Ipd ONpEeAEICHHH
PaBHOBECHBIX MapaMEeTPOB B3aUMOJIEHCTBUN B METAUTYPrHYECKHX CHCTEMaxX M paclpelc/eHUU
KOMITOHEHTOB MEXXIY MPOJYKTaMH ILIABKH.

Pe3ynbTaThl TEXHOJOTHYECKHX OIBITOB IIO COBMECTHOHM mepepaboTke CynbGUIHBIX
MOJIYIPOAYKTOB C OKHCJIEHHBIMH MaTepUallaMH CBHHIIOBOTO ITPOM3BOJCTBA (CBHHI[OBAs IBUIb,
KeK) IIOKa3bIBAlOT IPUHIMITHAIBHYI0 BO3MOXXHOCTh HMX CaMOCTOSTENFHON mepepaboTKH.
Y CTaHOBNIEHO, YTO VIS JOCTHUIKEHUS BBHICOKHX PE3yJIbTATOB MPOLIECC HEOOXOIMMO BECTH IIyTEM
NBYXCTaqWaIbHOM NpPOMYBKHM pacIUlaBa: BHAyajle — KHCJIOPOJIOM, B IEISIX MaKCHMAaIBHOIO
TiepeBo/Ia JKeye3a B [UIaK, 3aTeM — IPUPOJHBIM ra30M, IS TOJHOTO BOCCTAHOBJIECHHUS CyIbduaa
CBHHIIA U3 INTelHa. MaKkcUMaJIbHOE M3BIIEUSHHE METAUIOB TI0 IIeJIeBBIM IIPOAYKTaM JOCTUIAETCS
npd nepepabOTKe MIMXTHI C OTHOLICHHEM KOJIMYECTBA OKHUCIICHHBIX MATEpPHAIOB B IIMXTE K
KOJIMYECTBY CYIb(QUIHOTO MOJUMETAUINYECKOrO IIONYNPOAYKTa, paBHOM 1:1. YcTaHOBNEHBI
CIIeIyIOIMe TTOKA3aTeH 10 W3BJICYEHUIO METAJUIOB B LIEJEBbIe MPOIYKTHI: CBHHIA B YEPHOBOM
cBuHEL — 97%, Meau B mTelH — 98%, MBIIIBSKA U CYPhMBI B IIBUTE — 10 98% kaxxmas.

Pabota xopomio cTpyKTypHupoBaHa, BEIOJHEHA Ha BHICOKOM HAy4HO-HCCIIEI0BATEIECKOM
ypoBHe. PaspaboTaHHass  TEXHOJOTHYECKas CXeMa HMHHOBAI[MOHHOM  OKHCIHMTEIBHO-
BOCCTAHOBUTEJIBHOW TEXHOJOTHH KOMIUIEKCHOTO H3BJIEYCHHS IEHHBIX METAUIOB U3
CyNbGUIHBIX IONYNPOAYKTOB M OKHCIEHHBIX MAaTEpPHAJIOB CBHHILIOBOIO MPOHM3BOACTBA C
MOJTIyYeHHEM TOBAPHBIX MPOIYKTOB IMPEeACTaBIsIET OOIBIION IPAKTHIECKUI HHTEPEC.

B wmemoMm, aBTOpamu BBIIOJIHEH OONBIION 00BEM Hay4HO-HCCIIENOBATEIbCKHX padoT,
MMEIOIIUX KOJOTHYECKYIO, COIMATBHO-I9KOHOMUYECKYIO H KOMMEPYECKYIO IPUBICKATEILHOCTS.

JIOKTOp TeXHHYECKHX HAYK, B
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KA3AXCKUI HALIMOHAJIbHBIM UCCIENOBATEJLCKUNU TEXHUYECKHMK YHUBEPCUTET UM. K.M. CATITAEBA

BEPK/IAIO»

2020 r.

AKT
BHEJIPEHMS PE3YIILTATOB HAYYHO-HCCIEN0BATENBCKOM paboThl
B y4eOHBII mporecc

Komuccust B cocTaBe:

[Ipencenarens: Typsicoekosa I'.C., nmpodeccop, TUPEKTOP HHCTUTYTA
Mertamnyprau 1 npombinuieHno# umxenepun («MMulld»)

Unenst komucenn: Aditenos K.JI., XK.T.H., aCCOIMUPOBaHHBINA IIpodeccop, 3aMECTUTEIb
JIMPEKTOpa HHCTHTYTa MeTaTypIii ¥ IPOMBIIIIEHHOW HHKCHEPUH;
I'yceitnosa I'.J., K.T.H., aCCOLMUPOBAHHEIA podeccop
kadeapsl «MeTaurypraueckue IpoLecChl, TEIUTOTEXHUKA H TEXHOJIOTHs
CIIEIHATbHBIX MATEPHAIOBY.

paccMoTpesia MaTephallbl Hay4HO-HCCIENI0BATEIbCKOH paboTel 1O TeMme Ne  AP05130595:
«Paspabomka HOG0U 6bICOKOMEXHONO2UYHOT OAPOOMAICHOU MEXHONO2UU NPAMO20 U3BLEHEHUA
ceunya, Meou, YUHKA U PeOKO3eMENbHbIX MEMAILIO8 6 MOBAPHbLE NPOOYKMbL U3 HEKOHOUYUOHHBIX
NOIYNPOOYKMOE U 060POMHBIX MAMEPUANOE CEUNYOB020 NPOUZEOOCBA.

Astopsr: JIocmyxamenos H.K., K.T.H., acconmuupoBanHbIil mpodeccop Kademps
«Metamryprus ¥ 00oTraleHue IOJIE3HbIX HCKOTTAeMBIX Y,
Xomnac6aii E.E., Maructp Texundeckux Hayk, PhD moxropanr.

Anpo6anus MmoIy4eHHbIX pe3y/ibTaToB:

1. Xonnac6ait E.E., TocmyxamenoB H.K. Bimsnue cocraBa mUltaka Ha IIOTEPH MEIH,
CBMHIA [P IUIAaBKE Mejb-, CBUHEL coxepkamero ceipbs // Tp. MexmyHaponHo#
Hay4HOW KoH(epenrmu «Hayka W MHHOBAMH — COBPeMeHHBIe KOHUenmum». 18
despais, 2019. Mocksa. — C.139-154.

2. Dosmukhamedov N., Zholdasbay E., Kaplan V. Partitioning of Cu, Pb, Zn and As
following high temperature treatment of smelter slag // IX International science
conference The latest research in modern science: experience, traditions and
innovations. 20-21 June, 2019, Morrisville, North Caroline, USA. —P.34-42

3. Dosmukhamedov N., Zholdasbay E., et all. Research of influence of temperature and
partial pressure of oxygen on the solubility of copper and lead in slags // International
Conference Process Management and Scientific Developments. Birmingham, United
Kingdom, December 19, 2019. —P.139-149.




[image: image116.jpg]AKTyaJleOCTb H HAYYHas HOBH3HA:

CymiecTByIOIMEe TEXHOJOTHH TepepadOTKHM  HEKOHIUIMOHHBIX  IOJIYIPOAYKTOB U
00OpOTHBIX MAaTEpPHAJIOB CBHHIIOBOIO IPOM3BOJCTBA COMPOBOXIAIOTCS: BBICOKMM PacXoJ0M
JIOPOrOCTOAIIET0 KOKCa; 3HAYUTEIbHBIMH BblOpocamu B atMmocdepy Oeaubix nmo SO TpyaHo
YTHJIM3HPYEMBIX a30B; HU3KUM M3BJICUCHUEM LIBETHBIX METAJLIOB.

Pa3paboTaH HOBBIA JTUHAMHUYECKHH METOJ ra3oBOro NOTOKAa M METOAMKA HMCCIIEI0BaHUS

PaBHOBECHUS CHCTEMbI MOJIUMETA/UIMYECKUM IITEWH — [UIaK — Tra3oBas (1)333. B YCJIOBHUSAX
KOHTPOJIUPYEMBIX 3HAYCHUH MapuyAaJbHOro JaBJICHUS KHCIIOpOJa U CEPHI.
Pa3pa60TaHa MIPUHOHUITHAIBHO HOBas BbICOKOC)('l)(beKTI/IBHaH OKHUCJIIUTCIIBHO-

BOCCTAHOBUTEJIbHAS ~ TEXHOJIOTHS. ~ KOMILIEKCHOTO  M3BJICYEHHS  LEHHBIX  METAJUIOB U3
HEKOH/MIIMOHHBIX CYJIb(QHUIHBIX MOJYNPOAYKTOB M OKHUCICHHBIX MAaTE€pHaJlOB CBHHIIOBOIO
MPOU3BOJICTBA C MOJYYEHHEM TOBAPHBIX IPOIYKTOB.

Komuccnsi npuHsJIa pelieHne 0 BHEeJAPEHHH B y4eOHbIH npouecc:

1. HoBoro auHaMHYeCKOr0 METOJIa Tra30BOr0 IIOTOKA M METOJAMKH HCCIIEJI0BaHHA
PaBHOBECHs CHCTEMBI IMOJMMETAUINYECKUH IITeHH — IulaKk — rasoBas (asza B YCIOBHAX
KOHTPOJHMPYEMBIX 3HAUCHUH MapIHaIbHOIO AaBJIEHUS KHCIOPO/a U CEPBI.

2. DU3HKO-XMUMHYECKHME OCHOBBI ~ HOBOH  BBICOKOI((EKTHUBHONH  OKHUCIIMTEIIBHO-
BOCCTAHOBUTEILHONM  TEXHOJIOTHH  KOMIUIGKCHOTO  M3BJIEYEHMsS]  IIEHHBIX  METalJIOB W3
HEKOH/MIIMOHHBIX CYJbQHUAHBIX TOJYNPOAYKTOB M OKHCIEHHBIX MAaTepHajoB CBHHIIOBOTO
IIPOM3BO/ICTBA C TIOJYYEHUEM TOBAPHBIX IIPOJYKTOB.

3. ITosyyeHHBIE HOBBIE TEOPETHYECKHE U MPAKTUYECKHE Pe3yJIbTaThl BKIIOUEHBI B yUeOHbIE
wianbl 2019-2020 rr. ¥ HMCHOJB3YIOTCS MPH MOATOTOBKM OakajlaBpOB, MaruCTpPaHTOB H
JIOKTOPAHTOB 10 CHEIHATBbHOCTH «MeTalutyprus» ¢ BKJIIOYEHHEM HX B JIEKIIMOHHBIC KypChl H
MPaKTUYECKUE 3aHATHS 110 JUCHUILINHAM

» «MeTtamyprus TSDKEJbIX [IBETHBIX METAJUIOBY;
» «CoBpeMeHHbIE TCHICHIIMH B Pa3BUTHU TEOPUH U TEXHOJIOTUH METAJLIypru4ecKoro
MIPOU3BOJICTBAY;
«MeTa/utyprusi CBUHIIA U IUHKA;
«OCHOBBI HAYYHBIX UCCJIEJIOBAHUI B METAJLTYyPrUU»;
«HayuHble ucciieJoBaHus MPOLECCOB KOMIUIEKCHOTO M3BJICYEHHS METALIOB
U3 IIPOMBIIUIEHHOTO ChIPbs [ OpHO-METaJITyprHY€CKOro KOMILIEKCay;
«IHHOBAIIMOHHBIE TEXHOJOTHH IIPOU3BOJICTBA HOBBIX BHJIOB ITPOJYKIIMH U3 OTX0J10B
¥ BTOPHYHOTO ChIPbsl IIBETHON METAJLITypIrUm.

Y YVV

[Ipencenarens KOMUCCHHU: C—/) Typsbicoekona I'.C.

UsieHbl KOMHCCHU: “}%!’ leeg Aiitenos K.JI.

I'yceitnona I'. /1.





MINISTRY OF SCIENCE AND EDUCATION OF THE REPUBLIC OF KAZAKHSTAN
KAZAKH NATIONAL RESEARCH TECHNICAL UNIVERSITY
NAMED AFTER K.I. SATBAYEV
“I AFFIRM”:

Vice-rector for academic affairs 

of KazNRTU named after K.I.Satbayev
__________Iskakov R.M.

“____”___________2020
ACT

of implementing the results of research into the educational process
Commission consisting of:

Chairperson:
Turysbekova G.S., Professor, Director of the Institute of Metallurgy and industrial engineering ("IMiPI")

Members of the commission: Aitenov K.D., Dr.Ph, Associate professor, Deputy

Director of the Institute of Metallurgy and industrial engineering;

Guseynova G.D., Dr.Ph, Associate professor,
Department of Metallurgical processes, heat engineering and technology of special materials.

considered the materials of research work on the topic No. AP05130595: "Development of a new high-tech barbotage technology for direct extraction of lead, copper, zinc and rare-earth metals into marketable products from substandard intermediate products and recycled materials of lead production”.

Authors: 
Dosmukhamedov N.K., Dr.Ph., Associate professor, Department of Metallurgy and 
mineral processing;
Zholdasbay E.E., Master of technical sciences, PhD student.

Approbation of the obtained results:

1. Zholdasbay E.E., Dosmukhamedov N.K. Influence of slag composition on copper and lead losses during smelting of copper- and lead-containing raw materials // Proceedings of the International Scientific Conference "Science and Innovation - Modern Concepts", February 18, 2019. Moscow. - P. 139-154.

2. Dosmukhamedov N.,  Zholdasbay E., Kaplan V. Рartitioning of Cu, Pb, Zn and As following high temperature treatment of smelter slag // IX International science conference The latest research in modern science: experience, traditions and innovations. 20-21 June, 2019. Morrisville, North Caroline, USA. – P. 34-42.

3. Dosmukhamedov N.,  Zholdasbay Е., et all. Research of influence of temperature and partial pressure of oxygen on the solubility of copper and lead in slags // International Conference Process Management and Scientific Developments. Birmingham, United Kingdom. December 19, 2019. –Р.139-149.

Relevance and scientific novelty:

Existing technologies for processing substandard intermediate products and recycled materials of lead production are accompanied by: high consumption of expensive coke; significant emissions into the atmosphere of poor SO2 gases that are difficult to utilize; low extraction of non-ferrous metals.

A new dynamic method of gas flow and a technique for studying the equilibrium of polymetallic matte - slag - gas phase system under conditions of controlled values ​​of the partial pressure of oxygen and sulfur have been developed.

A fundamentally new highly efficient oxidation-reduction technology has been developed for the complex extraction of valuable metals from substandard sulphide intermediate products and oxidized materials of lead production to produce marketable products.

The commission decided to implement into the educational process:

1. A new dynamic method of gas flow and a technique for investigating the equilibrium of the polymetallic matte - slag - gas phase system under conditions of controlled oxygen and sulfur partial pressures.

2. Physico-chemical foundations of a new highly efficient oxidation-reduction technology for complex extraction of valuable metals from substandard sulfide intermediate products and oxidized materials of lead production to produce marketable products.

3. The obtained new theoretical and practical results are included in the curriculum for 2019-2020 and are used in the preparation of bachelors, undergraduates and doctoral students of the "Metallurgy" specialty  with their inclusion in lecture courses and practical classes in the following disciplines:

"Metallurgy of heavy non-ferrous metals";

"Modern trends in the development of the theory and technology of metallurgical production";

“Metallurgy of Lead and Zinc”;

"Fundamentals of Scientific Research in Metallurgy";

"Scientific research of the processes of complex extraction of metals from industrial raw materials of the Mining and metallurgical complex";

"Innovative technologies for the production of new types of products from waste and secondary raw materials of non-ferrous metallurgy."
Commission chairperson:
___________________ Turysbekova G.S.
Members of the commission: ___________________ Aitenov K.D.

___________________ Guseynova G.D.
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[image: image121.jpg]MUHUCTEPCTBO OBPA30BAHHS U HAYKHU PECITYBJIMKH KA3AXCTAH
COTITAEB YHUBEPCUTETI

Bbinucka us npotokona Ne2
3acenaHus kadeapbl «MeTannyprus u oborawieHne nosesHbIX NCKonaembIx»
oT «11» ceHTAbpsa 2020 r.

Mpeacepatens: BapmeHwmnHoBa M.b., K.T.H., AOLUEHT, 3aB. kach. MuOIn
CekpeTapb: TaiimacoBa A.H., 3as.na6.kacp.MuOInn

MpucyrctBoBanu: bapmeHwnHosa M.b. — 3aB. kad., K.T.H.; npodpeccopbl: K.T.H
lLayteHos M.P., k.T.H Tenkos WL.A., kT.H [locmyxameaoB H.K; k.T.H. BaumbeToB B.C;
accucTeHT npodeccopa: fokrop PhD Motosunos W.1O., ceHnop-nekTopbl: K.T.H Bowkaesa
N.T., kxT.H Mongabaesa K., goktop PhD [loceHoBa C.B.; nextopbi: goktop PhD
Mam6etanuesa A.P., goktop PhD Koiwwuna .M., maructp Bekuiiesa A.A.; TblOTOp —
maructp TaxueB E.B.; accucteHTbl: mMarucTp AxkasuHa H.T., YBIM: Taiimacosa A.H.,
CbigbikaHoB M.M.

NOBECTKA OHA:

4. PaccMoTpeHue un obcyxaeHne 3akmnioduTenbHbiX 0T4ETOB O HWP 3a 2020 rog no
[ u NU® HayuHbIX uccneaosaHuii Ha 2018-2020 rogpbi.

CNYLUAJIA:

BapmeHwuHoBy M.B., koTopas npouHcopmMupoBana NpUCYTCTBYIOLUMX O TOM, HTO
Hay4YHble MCCRefoBaHWs PYKOBOAMTENS TeMbl npodpeccopa, K.T.H. Jocmyxamegosa H.K.
NPOBOAWIINCE COrMAacHO KaneHaapHoMY nnaHy 3a 2020 r. 3a OTYETHbIN Nepuopa npoBeaeHbI
YKpYMHEHHO-NabopaTopHble  ucMbiTaHus.  [IOCTUrHYTbI  BbiCOKME  MOKasaTesv no
W3BMEYEHMI0O MeTanmnoB B LeneBble NpoAyKTbl. OKCMepuMeHTarbHO  Aoka3aHa
BO3MOXHOCTb FNy6okoro o6eHeH!s Lwraka no LBETHbIM MeTannam, Mbillbsky i CypbMe C
nony4yeHneM B KOHAEHCMPOBaHHbIX hasax LITeHa U MeTan/iMyeckoro CBUHLA. BbigaHsl
TEXHOMOIMYECKMe peKoMeHZauuu ANs npakTUKM U NpeanoxeHa HoBas annapaTypHo-
TexHonornyeckas Cxema HOBOiIl BbICOKOTEXHOMOrMYHoW GapboTaxHoW  TexHonoruum
nepepaboTky HEKOHAULMOHHBIX NONynpoAYKTOB W 06OpOTHbLIX MaTepuanos CBUHLIOBOrO
NPOM3BOACTBA COBMECTHO C BbICOKOCEPHUCTLIM MEAHO-LIMHKOBbLIM KOHLIEHTDATOM.

NOCTAHOBUINA:

3akniounTenbHbil  otyeT no  Teme NeAP05130595  «PaspaboTtka HOBOIA
BbICOKOTEXHOMOrMYHON 6apGOoTaXKHON TEXHOMOorM MpsMOro U3Bre4eHus cBuHUAa, Meau,
UMHKA W peaKo3eMenbHbiX MeTannos B TOBapHble MPOAYKTbI U3  HEKOHAMLNOHHbIX

MOMyNPOAYKTOB 1 0BOPOTHBIX MaTepuanos CBUHLOBOTO MPOW3BOACTBAY», PEkOMEHAOBaTL
Ha yTBEPXIEeHNe YueHoMY COBETY MOPHO-METanypruieckoro MHCTUTYTA.

Mpeacenartenb f ’,,) ;'/@/ M.B. BapmeHlunMHoBa

CekpeTtapb (/;@ L f A.H. TahmacoBa
g /

® KasHUTY 719-02. Beimucka U3 IpoToKoa 3aceanus kadeapsl
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[image: image122.jpg]MHUHHUCTEPCTBO OBPA3OBAHUA 1 HAVKHU PECITYBJIMKH KA3AXCTAH
COTBAEB YHUBEPCHUTETI

Boinucka n3 nporoxosa Ne 2
3aceganus Yuenoro Cosera Uncruryra MeTaLiypruu
U NPOMBINLICHHOH WHKeHePUH

r. AnMarsl «12» oxtsa6ps 2020 r.

Ipencenarens: Jupexrop UMulll Enemecos K.K.
Yuensiii Cexperapsb: ltocenosa C.b.
3aceoanue Vuenozo Cogema npogoouiocs OUCManyuoOHHo.

Ipucyrcreosamn: Enemecos K.K. — mupexrop UMulIl, 3as. xad. « TMTuJly, K.T.H., HOLEHT;
AiirenoB K.JI. — 3am. aupekropa UMullIlU, k.1.H.; Kyanaeikor T.A. — 3am. aupexropa MMulIU;
bapmenmmroBa M.B. — 3aB. kadenpoit «MuOIIM», k.T.H., accon. mpodeccop; Yenymranosa
T.A. — 3aB. kapenpoit «MIITuTCM», k.T.H., goktop PhD; Beiicenor P.E. — 3aB. kadenpoit
«A®», noxrop PhD; Jlyranos B.A. — a.1.H., mpodeccop; Illayreno M.P. — k.T.H., mpodeccop;
3ayp6eko C.A. — K.T.H., mpodeccop; baumbetoB b.C. — k.1.H., accon. npodeccop; beiicenos
Bb.C. — k.T.H., accon. mpodeccop; Maitimmna X. P. — k.T.H., acconMUpOBaHHBIH INpodeccop;
Myxanosa I'.C. — k.T.H., accom. npodeccop; Ycombiesa I.A. — K.T.H., aCCHCTeHT-IIpodeccop;
HrocenoBa C.b. — noxrop PhD, cenbop-nekrop.

IHOBECTKA JHA

1. PaccmoTrpenue u obcy:kaenue 3akaouuTe,IbHbIX oT9eToB 0 HUP 3a 2020 rox mo
I'panToBOMYy (HHAHCHPOBAHMIO W TPOEKTHO-LEIeBOMY (HHAHCHPOBAHHIO HAYYHBIX
uccjaegosanmii Ha 2018-2020 roasi

CJOYHIAJINA: nupextopa muHcTuTyTa EnemecoBa K.K., xoropsni npoundopmupoBal
HOPUCYTCTBYIOIIMX O TOM, 4TO JUI 3((EKTUBHOTO BBIIOIHEHHS Hay4HO-MCCIIEI0BATEIBCKUX
paboT, MPOBOJUMBIX B paMKaX TrocOIODKETHOTO (PHHAHCHPOBAHUSA M IPOEKTHO-LEICBOTO
¢unancupoBanusi B HAO «KasHUTY umenn K.M. CarmaeBa», U B CBA3U C IPEACTOSIIAM
pacmupeHHbM 3aceqanneM HTC yHuBepcutera, HE0OX0IUMO OOCYIUTH TOJOBBIE OTYETHI 3a
2020 rox o HUP mayunsix pykoBoauTelei TeM 1o I'paHToBOMY (PMHAHCHPOBAHHUIO M IIPOEKTHO-
1e7IeBoMY (MHAHCHPOBAHHIO HayYHBIX ucciaenoBanuii Ha 2018-2020 rogpr.

BBICTYIINJIM: Hayunsii pykoBoautenab TeMbl AP05130595 «Paspaborka HOBOIA
BBICOKOTEXHOJIOTUYHO!N 0apOOTaXHOI TEXHOJIOTHH IIPSIMOIO H3BJIECYEHHs CBUHIA, ME/IHM, IIMHKA
U PEAKO3EMEIbHBIX META/UIOB B TOBapHBIE IPOJYKTHl U3 HEKOHJHIMOHHBIX IIOJIYIIPOIYKTOB M
00OpOTHBIX MaTepHaJoOB CBHUHIIOBOro mpomsBojctBay Jlocmyxamenos H.K., ¢ oryetom o
npoxenanHoi pabore Ha 2020 r.: «MccinemoBaHue paclpelesIeHUsl LBETHBIX METaJLIOB,
MBIIIbAKA W CYPbMBI MEXIy NPOAYKTaMHd IUIaBKH, IPUMEHHUTEIBHO K YCIOBHSAM IIaXTHOH
COKpaTUTEIbHOM IIJIaBKU»

INOCTAHOBWJIN:

YTBepAUTH 3aKJIFOYHTETBHEII OTYET o TEME: «Pa3zpabotka HOBOI
BBICOKOTEXHOJIOTHYHON 0apOOTaXHOM TEXHOJIOTHH MPSIMOI0 H3BJIICYCHMS CBUHIIA, MEIH, LIMHKA
U PEeIKO3eMENbHBIX METAUIOB B TOBApHBIE MPOLYKTHI M3 HEKOHIAMIMOHHBIX MOJIYIPOAYKTOB U
00OPOTHBIX MAaTEPHATOB CBHHIIOBOIO IPOM3BOACTBA» M PEKOMEHIOBATH JUIS 3allUTHl Ha
saceganun HTC HAO KasHUTY umenu K.M. Carnaera.

IIpeacenarenan

Yuyenoro Cosera UMull K. EnemecoB

Yu4enslii cekperapb g 4 C.b. Trocenosa

@ KazHUTY 403-02. ITporokon

(
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[image: image123.jpg]BBIIINCKA
43 nporokoJa Ne 3 3acelaHus HAYYHO-TEXHHYECKOI0 COBETA
KasHUTY umenn K.U. Carnaesa (HTC KazHUTY)
ot «13» oxTsadpst 2020 r.

r. AimMaTsl «13» okTabps 2020 r.

IMPUCYTCTBOBAJIM: npucytcreoBanu Bee wieHsl HTC —
W. BeiicemGeToB, A. Cr3npikoB, . Hayprizoaesa, XK. Minemanues, Y. XKanGacbaes,
3. TyiebaxoBa, b. Kycnanrammes, K. PricoexoB, K. Enemecos, H. Ceiinosa, b.
Omap6exoB, A. CapeHosa, J[. AnmnmbaeBa — TEXHUYECKHA CEKpeTaph.

IIOBECTKA JTHSI:

ks OOGcy>xneHne u yTBepKIeHHUE 3aKII0UYUTENbHEIX 0TyeToB 0 HUP HAO
«KasHUTY nmenu K.M. CarnaeBa» no «I'panToBoMYy (DHMHAHCHPOBAHUIO HAYYHBIX
ucciaenoBanui Ha 2018-2020 roas» 3a 2020 rog.

2 PazHoe.

CHYIIAJINA:

Hoxnax HaydHoro pykoBoguteins npoekra AP05130595 «PaspaGorka HOBOI
BBICOKOTEXHOJIOTUYHON 0apOOTaKHON TEXHOJOTHH MPSIMOT0 M3BJIEUEHUsI CBUHIIA,
Meld, IMHKa U pPEIKO3eMENBHBIX METAUIOB B TOBapHBIE NPOAYKTHl U3
HEKOHIUIMOHHEBIX IIOJYNPOAYKTOB U OOOPOTHBIX MAaTEPHalOB CBHHIIOBOI'O
npoussozacTtsa» Jloemyxamenosa Hypaana Kanuesunua.

Iocne o6Cyx1eHNs YWICHBI HAYYHO-TEXHUYECKOIO COBETA

INOCTAHOBWJINA:

1. 3akmounTensHbIi oTder mo npoexkty AP05130595 «PaspaGoTka HOBOM
BBICOKOTEXHOJIOTUYHOMN 0apOOTaXHON TEXHOJIOTHH NPSMOTO M3BJIE€YEeHUs CBHHIA,
MeIY, LWHKAa ¥ pPEeAKO3EMEJILHBIX METaUIOB B TOBapHBIE MPOAYKTH U3
HEKOHJMIIMOHHEBIX IMOJIYIPONAYKTOB K OOOPOTHBIX MAaTEPUAOB CBUHIIOBOIO
IIPOU3BOACTBA» Hay4HOro pykosoaurens Joecmyxamenosa H. K. yreepauTs.

2. PexoMeHI0BaTh aKTUBHOE y4acTHe B KOHKypcax 00bapiseMbrx MOH PK

3acexanuss HTC A. Cb13abIKOB

Cexperapb 3aceqanus . Anmnmo6aesa
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[image: image124.jpg]IMNPUJIOXEHUE D
I'panToBOe puHAHCHPOBaAHHUE
(pe3ynbratsl 3a 2020 rox)

IMosHoe Homep Buja HaumenoBaHnHe npoexkTa Hata Hata
HauMeHOBaHHUe rpaHTa uccJie0BaHuii Havyaja 3aBepLIeHH
OpraHu3auMH- NMpoeKTa sl MPOeKTa
HCTOJTHHTEIS
Hexommepueckoe «Pa3zpaboTka HOBOHl BLICOKO-
aKLMOHEPHOE TEXHOJIOTMYHOU  6apOoTakHOM
00111eCTBO TEXHOJIOTHH TPSAMOro  H3BJIE-
«Kazaxckuii YeHUs CBUHIA, MEAH, LUHKa M
HaLMOHAIBHBIH AP05130595 [MpuknanHbIe penkoseMenbHEIX MeTauioB B | 06.01.2020 | 31.12.2020
TEeXHUYECKUH 2 TOBapHBIE HPOJYKTBI u3
YHUBEPCUTET HEKOHIMIIMOHHBIX TOTYMpPOLYyK-
umenu K.H. TOB U OOOPOTHBIX MarepHasioB
CarmaeBa» CBUHLIOBOTO MPOU3BOACTBAY

TloJTydeHs! HOBBIE JaHHBIE MO PACTPEENEHUIO MM, CBUHIA, IIMHKA, MBIUbIKA ¥ CYPbMBI B CIIOXHOM IO COCTaBy
CHCTEME: MeIHO-CBHHIOBBIIN IUTEHH — IUTaK — rasoas (asa. [IpoBeeHbl TEXHONOTHYECKHE OMbITHI N0 00€IHEHHIO
KOHBEPTEPHBIX IIJIAKOB C pPAasIMYHBIM DACXOJOM MeIHO-LUMHKOBOrO KOHLEHTpara. [IpoBeneHBl YKPYNHEHHO-
naGopaTOpHBIE MCIBITAHHS 10 COBMECTHOH IUIaBKE MCXONHOM WIMXTBI HOBOrO €OCTaBa C J0GaBIeHHEM
BBICOKOCEPHHCTOTO MEIHO-LMHKOBOTO KOHLIEHTPATa B 3JIEKTPONEUH. BriiaHbl TEXHOIOrHYECKHE PEKOMEHIAIMM JUTs
mpakTHkH. IIpeiioXeHa TEXHOJIOTMYECKas CXeMa HOBOM BBICOKOTEXHOJIOTHYHOH GapGOTaXHOM TEXHOOrMH
KOMIUIEKCHOI! ITepepaloTKH HEKOHMLUHMOHHBIX II0yNPOIYKTOB H 0G0POTHBIX MaTepualioB CBHHLIOBOTO MPOU3BOJICTBA
| COBMECTHO C BHICOKOCEPHHCTBIM MEIHO-IIMHKOBBIM KOHLICHTPATOM.

TlareHTsr
Konudectso Konuuectso Konnuectso KonuuectBo MexayHapoaHbix | Konuuects | Peanusanus
HMHHOBALMOHHBIX | Ka3aXCTAaHCK | €Bpa3uifckoro narentoB O3CP 0 MHBIX NaTeHTa
MaTEeHTOB WA UX NMATEHTOB nateHTa MeXAyHap
aBTOPCKUX OJHBIX
CBUAETEILCTB NaTeHTOB
HC/DCHHE PE3YBTATOR
Howmep HaumeHoBaHnue Tun BHeApeHHA MecTo BHeIpeHuUs (3a UCKIIOYEHHEM OpraHu3aluu-
BHEJIPEHUA (TexHONOTHS, HCTIOIHUTENA) *
CTaHJapT,
peKoMeHaaLu,
METO/IMKA, IPYroe)
Tly6auxamma

KonuuectBo OHy6HHKOBaHHI>IX JO0KJIag0B U CTATbH 11O
pesyJjibTaTaM HCCJIEIOBAHUI Ha peruoHaANBHBIX U MECTHBIX

KonuaecTBO 0mmy0IMKOBaHHBIX JOKJIAA0B U CTAThbU
0 pe3yJibTaTaM UCCIel0BaHUil Ha MEXKIyHapOIHBIX

KOH(epeHLMX, MMEIOIIHX UMIAKT-(haKkTop KOH(pepeHIUIX
4 5

! e n o M A o

KonnuecTBO MconHUTENEH, UMEIOLIMX YYEHYIO CTENEHD 1

KonuuecTBo 3apy0exHbIX YUEHBIX, MpHuBIedeHHbX kK HUP -

Vyactue PhD cryz MAyHCTPaKTOB B MPOBEACHUN KCCEe0BaHMI B paMKax 2

BERMA 1o .
OTOBKIN CBOUX NHCCEpTALHUA

% 7 = ..5\2 T
: TIOATBEPHKAAIOLINE TIPE/ICTABIIEMBIC AHHBIE) e e

+7(701) 848-799
/Iocmyxamenos H.K./ e

zhte@mail.ru

/Co13apikoB A.X./

N OVH  «gal¥ -t

JAOCTOBEPHOM
Mpumeyanne: * VkasbiBaTh KaX10€ 3HAUCHUE B OTHCIbHOM siueiike
** He06X0JMMO MPMIOKUTh KOTIHHU JOKYMEHTOB, IOJTBEP K AAIOIINX HHHOPMALIHIO
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